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KakbB e npobrnema?



Ot ATLAS go Hay4yHa nyonukauus

8,

I
i
j

SI(S+8) Woig

Pa3npepenexnu usuncnenusi B ATLAS. Yact 1: TPUA, BYN 2024



Ot ATLAS go Hay4yHa nyonukauus

8,

L
i
]

SI(S+8) Woig

.. N 6bp30 MonA

Pa3npepenexnu usuncnenusi B ATLAS. Yact 1: TPUA, BYN 2024



[Mapapurma Ha HayKaTa

m ]/\5‘1\{\6//\\/1’(1'/\"*‘)/‘1
\ i pecre
| r & cnNefnnedT / c—\c'r)f\@l*;\[
\
\/\5*1 yxc,/\cHY\‘?
/
| Codvrver?|
T Q

Pasnpepenenu usuncnenus B ATLAS. Yact 1: TPUA, BYN 2024



KakBo Bu e (61no) Hy)XHO 3a OTKpUTUE?

Mpe3 1930-Te *
« ~2 y4YyeHW OT efHa AbprKaBa

o JINCT n xummkan

. Tpes 1970-Te
« ~200 yyeHu ~10 gbpKaBu
g » MenHdpenm

[Hec
« ~3000 yyeHu ~100 abp*aBu

s PasnpepeneHun nsuvcneHunsa
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[NaHHUTe



Konko ca paHHuTte ot ATLAS

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

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'

F % 4

[>QueryR... *
# 5 ) & sqQL ' All Rows Fetched: 1 in 106.676 seconds
 SUM(BYTES)/1000/10

1 116.514770884585156 1 16 F) B |
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KAK?!

116 PBI!?

Konko Bpeme?
AMu ako cobpkam?
Amu ako konerata
Hanpasu no Ao6bLP

anropuTtbMm 3a

MIOOHU?
Bcuuko oTHavano?!

JU3NK
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Konabopauuna n ontumnsauums

e [pynupaHe Ha
aHanusnTe no Temu -

116 PBI!?

Konko Bpeme?

Amu ako c6bpkam? Xu rc,

AmMM aKko Konerarta

HanpaBu No 4oobLP CynepCMMGTpMM’

anropuTbm 3a Ek3oTnku
MIOOHU?
Bcuyko oTtHayano?!
N3UK
- e (CenekrtnpaHe camo GB /MB
Ha JaHHUTE KOUTO ca

peneBaHTHU 3a
nafeHnsa aHanus
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CenekTnpaHe Ha AaHHWU

(I\-I'I AN Maviviadtimamm FMuama Aavarawll)

lMpemaxBaHe Ha HEHYXXHaTa nHopmauuns

Llenn cbbutunsa

YacTn oT cbobutuaTa
XapaKTepucTukm Ha cbouTmnaTa
3a BCeKN aHanus - oTAenHn gaHHu

Ipaduka: James Catmore
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UcTuHa u Teopus

Bxopgawm
AaAHHU

[JaHHuU OoT peTeKTopa

TeopeTnyHu moaenu

OpraHusupaHa,
LeHTpanu3mnpaHa
o6paboTKa Ha
DaHHU

Tpurepupupaxe

PeKoOHCTpyKLMA

|

OTcasaHe U
copTupaHe

leHepupaHe

Cumynauma

Aurutanusauus
+ Tpurepupaxe

PeKoHCTpyKUMA

OtcaBaHe u
copTupaHe

JlnyeH wnu rpynos
aHanu3 Ha JaHHU
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N3uncneHun
(KONMKO U KaKBM)



Konko nsayncnutenHm
pecypcu Hu TpabBaT?



“KonkoTo noBe4ye, Tonkosa noseye!”
Meuo lNyx, 1966

PasnpepeneHun nsuymcneHms B ATLAS. YacTt 1: TPUA, BYN 2024



“KonkoTo noBe4ye, Tonkosa noseye!”
Meuo lNyx, 1966

“Uma camMO eaHO HeLlo, KOeTOo € No-XybaBo OT MNbPHEeHLe

mea.. U ToBa ca ABe rbpHeHua mea.”
Meuo lNyx, 1966

Pa3npepenexnu usuncnenusi B ATLAS. Yact 1: TPUA, BYN 2024



Konko nanonssame?

Slots of Running jobs @

1.25 Mil

1 Mil
N3non3BaHo

(641 000)

750K
500 K

ze0K O6ewaHo

(452 000)

09/2023 11/2023 01/2024 03/2024 05/2024 07/2024

min max avg v

== atlas 178K 885K 641K
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PeyHuk

Cnort - MACTO 3a eauH
npouec 3ageneHo ot
KOMMOTbpHa bepma

3apaya (Job) -
KonmyecTtBoTo “paboTa”
KoeTo TpsibBa Aa ce
CMEeTHe Ha eauH cnoT

KonkoTto noBeue,
TOJIKOBA...
e [lo-6bp30
e |13cnegBaHe Ha
noBe4ye HOBU
onumu -
reHepaTopu,
KOHJourypaumu..



3a KakBO r'm uanonssame?

Bbbp3a [leTekTopHa

AHanus
Cumynauus

FeHepupaHe

Slots of Running jobs ©

1.20 Mil

08/2023 08/2023 0972023 09/2023 10/29 10/2023 /2023 12023 12/2023 12 po24 01/2024 02/2024 { R3/2024 0372024

04/2024 04/2024 05/2024 05/2024 4 06/2024 07/2024 07/2024

PekoHcTpyKUMA MNpecsBaHe
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N3uncneHus
(kbAae)



Pasnpnpepnenenu nsuncnexHma B ATLAS: O630p

e Ekcneptn: > 200 (B pasnuyHa cTerneH Ha 3aeTocCT)
o Cwucremata He Mmoxe aa paboTtum 6e3 Tax
o PaspaboTka n nHTerpauusi Ha HOBOBbBeAEHMNA
o EkcnnoaTtupaHe / onepupaHe Ha cuctemaTta

e (LleHTpanuanpanwn) ycnyru

o PasnpegensaHe Ha 3agauu - PanDA (ATLAS)
o PasnpegensiHe Ha gaHHuM - Rucio (ATLAS)
o [lpexBbpnsaHe Ha pannose - FTS (WLCG)

PasnpegenaHe Ha cogpTtyep - CVMFS (WLCG)

e OToaneyeHn KOMMIOTbPHM LLEHTPOBE (CanToBe)

GRID

O6nauu, cynepkomnoTpu, 40OPOBOMYECKN N3YNCNEHNA (BB BTOpAaTa JIeKLUs)
Xapayep: pecypcu 3a obpaboTka n CbxpaHeHne Ha AaHHK

e eKcnepTM Ha Meglﬂgﬂﬂﬁpl}sqwcneum B ATLAS. YacTt 1: 'PUL, BYN 2024
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NMoTpebuten n pasnpeneneHn U34YNCNEHUA:
MpuHMuMn Ha padoTa

Kbae / kou ca gaHHUTE KOUTO Cwncrema 3a

nckam ga obpaborsam? pasnpegensaHe Ha AaHHU
(Rucio)

<

D [aHHu X, KouTo ce HamupaTt
Ha cant Y

Pe4yHuk

e  Canrt - (oToaneyeH)

KOMMIOTbpPEH HTb
Pasnpepenexun nsunucnenmsa B ATLAS. Yact 1: 'PUA, BYN 2024 OMMIOTBPEH Lie P



NMoTpebuten n pasnpeneneHn U34YNCNEHUA:

NMpuHMuMn Ha padoTa

nckam ga obpaborsam?

Kbae / kou ca gaHHUTE KOUTO

<

N [aHHu X, KouTo ce HamupaTt

Ha canT Y
Mckam ga na3anbniHULL MOS

KoL BbpXy AaHHUTe X

: 'PUA, bYN 2024

r

CucTtema 3a
pasnpegensaHe Ha JaHHU
(Rucio)

J

.

Cucrtema 3a
pasnpenensHe Ha 3agaun
(PanDA)

J

Pe4yHuk

Canr - (oToaneyeH)
KOMMIOTbPEH LEHTHP



NMoTpebuten n pasnpeneneHn U34YNCNEHUA:
NMpuHMuMn Ha padoTa

r
Kbae / kou ca gaHHUTE KOUTO Cwncrema 3a

nckam ga obpaborsam? pasnpegensaHe Ha AaHHU

(Rucio) )
- HaHHn X, konto ce Hamupart
Ha canT Y 7 ~
Cucrtema 3a
Mckam ga na3anbniHULL MOS pasnpenendHe Ha 3agayu
? Ko BbpXy AaHHuUTE X

Pesynratu® A BBPXY A4 3anaun , L (PanDA) )

Pesyntatn / Owe
He e roTOBO

Pe4yHuk

e  Canrt - (oToaneyeH)
KOMMIOTbPEH LEHTHP

: 'PUA, bYN 2024



KakBo e GRID

OoTOpU3NpaH JOoCTbN A0
IpUHaanexalm Ha

GRID e TexHOnorua KosTo
pecypcu - KOMMOTbPHU U 3i
pasfiMyHmn cobCTBEHNLIN.

Pa3npepenexnu usuncnenusi B ATLAS. Yact 1: TPUA, BYN 2024



KakBo e GRID Il
e lVpgenTta ce paxaa npes 90""'@:4 ;;i! \&
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KakBo e GRID lII

e Codtyep wnm “GRID middleware” - gaBa ooctbn 40 XeTepOreHHNTE pecypcu
Ha GRID c obw, nHTepdenc

o CE (Computing Element) - gocTbn 40 U34YUCNUTENHN PeECYpPCU
o SE (Storage Element) - goctbn 4o pecypcu 3a CbxpaHeHne Ha AaHHU

[ FIOTpe6I/ITeJ'ICKI/I AOCTbIN - I/I,El,eHTI/ICbVIKaLLI/IFl N yNnbJIHOMOLLaBaHe
o Hsama kak ga gagem noruH n napona Ha x10000 xopa Ha x100 canTa
o [Ourntanuu ceptudukatn (x509-6asmnpanmn)
m PasgaBaHu oT cepTudmumpann “aBtoputeTHM 3TodHnun” (certification authority)
m Baxn 3a Bcekn GRID cant
m JlokanHo Ha canTa BCEeKM CalT CbOTBETCTBA Ha JIOKaneH akayHT (M gedovHupa npasaTta)

Pa3npepenexnu usuncnenusi B ATLAS. Yact 1: TPUA, BYN 2024
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WLCG (The Worldwide Computing GRID)

1encka GRID nHdgpactpukTypa
locTbnHa Hayka (CALL)

aBsckm GRID
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ATLAS Cawut

e Bceku cant (06MKHOBEHO) Ce CbCTOM OT PECYPCU 3a CbXpPaHeHNe Ha AaHHK +

N34YNCIiMnTesiH MOLLHOCTU
o Squid proxy cache - 3a pasnpocTpaHaBaHe Ha codpTyepa 1 “detector conditions” 6asa gaHHM

e HuBa:
o Hwueo-0 (LEPH)
HuBo-1 - JleHTOBM HOCUTENN + HAKOW yenyrn (FTS))
Hueo-2 - CantoBe ¢ nognucaH “gorosop” (Memorandum of Understanding - MoU)
HunBo-3 - HenocTosiHHM pecypcu

o O O

Pa3npepenexnu usuncnenusi B ATLAS. Yact 1: TPUA, BYN 2024



ATLAS O6nak

e Hama Huwo obwo ¢ “obnadHm nsumncnenunsa” (AWS, Google Cloud, n
T.H.)

e Jlornyecka rpyna ot cautoBse
o EpawuH cant oT HMBO-1 N HAKONKO HMBO-2 U HNUBO-3
o Wnwn B eanH reorpadckn pernoH, unn ot eanH N3ToYHMK Ha douHaHCUpaHe
e [lopgapbxkaTa e NnpeaocTaBeHa OT EKMNUTE Ha oTAenHuTe obnauu
o bnuso oo cantoBeTe U TEXHUTE Npobremun
o Hawn-4yecTo - Ha cbLUS e3nkK
e OcTtapsana koHuenums
o [ukTyBaHa OT OrpaHMYEHNs B MPEXOBUTE CKOPOCTHU
o Bce oule ce n3nonsea AOHSKbAE - NOAAPBXKKA.

Pa3npepenexnu usuncnenusi B ATLAS. Yact 1: TPUA, BYN 2024



GRID komyHukaumsa npegu: O6naum

Hueo-1 Huso-2 ]
[ Huso-0 HUEO-3 ]
[ HuBo-2
HuBo-3 ]
OonakY

[ HuBo-1

XY = 'epmanunga, CALL, Ntanus,
CkaHguHaBus, PpaHuums,
BennkobputaHus..

[ HuBo-2

Oonak X

Pasnpepenexun nsunucnenmsa B ATLAS. Yact 1: 'PUA, BYN 2024



GRID komyHukauumsa cera: ToranHa mpexa
(Full mesh)

[ HuBo-0

HuBo-2 ]

HuBo-3 ]

HuBo-3 ]

]

[ HuBo-1

[TooobpeHo n3non3eaHe Ha:
e Mpexa
e KomnoTbpHU pecypcu
e CbXxpaHeHue Ha OaHHU

HuBo-3

[ HuBo-2

HuBo-3 ]

Pasnpepenexun nsunucnenmsa B ATLAS. Yact 1: 'PUA, BYN 2024



Pona Ha HuBaTta: HuBo-0

e Huneo-0
o Konue Ha BCUYKM MbPBUYHM OAHHU HA NTEHTOBU HOCUTENN
o [lTbpBO HMBO Ha obpaboTka Ha aaHHUTe oT LHC

e LleHTpanuu ycnyrm B LUEPH (ctabunHocT)
o PasnpegendaHe Ha 3agayn - PanDA

PasnpenensiHe Ha gaHHu - Rucio

basa gaHHu - Oracle

[MpexBbpnsHe Ha hannose - FTS (WLCG)

KelwloBa nHgppactpykTypa - Frontier

o O O O

©)

PasnpegensHe Ha codpTyep - CVMFS - Stratum O (HnBo-0)

Pa3npepenexnu usuncnenusi B ATLAS. Yact 1: TPUA, BYN 2024



Ponga Ha Ha HuBaTa: HuBa 1, 2, 3

e Hua 1 un 2 - goroeopenu (pledged) KOMMOTBLPHU PeECYpPCU U

AONCKOBU U JTIEHTOBU HOCUTEIIN
o CwbXxpaHeHue Konue Ha MbpPBUYHUTE OaHHU N HA BTOPUYHU JAHHU
o Pasnuku mexay HMBo-1 1 HMBO-2
m JleHTOBM HOCKTENN (CamMO B HMBO-1)
m [looopbxka
e 24x7 3a HnBo-1
e B pamknte Ha paboTHUSA OeH - HMBO-2
m Hskoun HMBO-1 camToBe goctaBAaAT u ueHTpanHu ycnyrmn (Frontier, FTS)
e bnunsoct o cantoseTe
e CurypHoCT Ha ycrnyrarta

Pa3npepenexnu usuncnenusi B ATLAS. Yact 1: TPUA, BYN 2024



Mpexa

e Hwueo-0 n Hueo-1: LHCOPN LHCOPN
TW-ASGC [Espic | cA-T::J; Us—FNALl-CIB
S

15
[~ 117.103.96.020 193.109.172.0/24 206.12.1.024

e Hwueo-0, 11 2: LHCONE (LHC (| === == E
o Konabopauua mexagy HayyYHu opral '
o [MHaMu4yHO n3nonsBaHe Ha pecypc(
o Layer3 pytnpaH VPN

Pa3npepenexnu usuncnenusi B ATLAS. Yact 1: TPUA, BYN 2024



Ouctpubyuma Ha codpTyepa: CVMFS

e CVMES - CERN VM FileSystem
o MpexoBa dannosa cucrtema 6asmpaHa Ha http n onTummsnpana ga gocraesa cogpryepa
Ha ekCnepuMeHTUTE No cantoBeTe 6HBbP30 U CUTYPHO
o HoBua codptyep ce noctasda Ha Stratum-0 n aBTomaTU4HO ce pensiMkmpa Ha BCUYKK
Spratum-1
o Han-ronamarta 4yacT OT pensiMKMpaHoTO ce noema OT KewoBeTe (Squids) Ha Bceku eauH
caut
m  KomnioTpute Ha BCeKU canT yeTaT copTyep camo OT JIOKanHUs KeLl
m B cny4an ye nokanHma kew He paboTun, KOMMNOTPUTE YeTaT OT CreaBawoTo HUBO

e Bcunuku ctaHgaptHu cantose B ATJIAC mnanonssat CVMFS
o TpsibBa Bpb3Ka C BLHLUHUA CBAT - HE paboTn Npu NOBEYETO CYNepKOMMIOTPU

Pa3npepenexnu usuncnenusi B ATLAS. Yact 1: TPUA, BYN 2024



@ CernVM-FS Content Distribution

/
E_;i \RAL % 2
— (UK) Proxy

A}

S
p FermilLab
roxy  \ A 2
Hierarchy | — ierarchy >
\ Stratum 0 R/W / >¥€

BNL
o
Ot Jakob Blomer

\l/

S (Taiwan) _~
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N3uncneHus
(kak)



N3uuncnutenHu 3agaun: ot Ano A

- v
4&:&' ATLAS Workflow and Workload Management

PanDA

Physics Group
Production
requests

EGEE/
EGI

P

Productiq
requests

Worker nodes

i tasks

Analysis

Distributed Data
Management

PanDA DB

create request

WAITING requester
s PMG/PC
approve request o
— prodsys
REGISTERED
Lme J
3 v
il
submit submit
rrrrr error
APPROVED

sssssss

PanDA
server

CLOUD

Cnang: Alexei Klimentov

AedpunHnunn

Pa3npegeneHun ns4yncrneHus:

3apava (Job) - kakBo TpsibBa aa
ce CMeTHe Ha eanH “KoMMTbP”
MunoT - manka nporpamMa Kosito
ce uarnpatla Ha canTta n BuKa
peanHaTa 3agada OT cuctemarta
3a 3agauu

HPC - CynepkoMnioTbp

ATINAC:

ProdSys2 / DEFT - cuctemara
KOATO B3eMa efiHa 3asiBKa
(request) u s pasnpenens

Rucio - cuctemata 3a gaHHU -
3anuceaHe, U3TpuBaHe,
npemecTBaHe, pensiMkupaHe u T.H.
3apaHue (Task) - kakBoO TpsibBa
Aa ce npecMmeTHe OT AaHHU
NonyYeHn Npyu egHaKkBW yCroBus



Cucrtema 3a pasnpegensiHe Ha 3agayu B ATJIAC

BLER PanDA Workload Management System

® Ready job
p Running j
PanDA concepts S

= Pilot
Rucio
4 2. Dataset lookup, file
| i i St
EEE ——
o8 288|000
(] g 0
‘EEE LD
_..+*"" 7. Job dispatch ;
-7 Site B
V:
L ; EEE <a>
............................ nEEE DDG
B TE (ans)
Users and 6.Piot | - =
groups submissioh " &~
i _Site G
5AHowrm.ﬁ74.. EEE
Tobs a :
§ ) BE8
site X? :
PanDA Pilot scheduler
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Shutdown/Technical stop
Protons physics

Ions

Commissioning with beam
Hardware commissioning
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3aKkn4veHume

e Pecypcute n gaHHUTe Ha pu3nkaTa Ha pusnkarta Ha BUCOKUTE eHeprmn ca
cbu3amMepumun ¢ Ham-ronemute B T nHgyctpuara

e be3 pasnpegeneHun nsymcrneHma cbBpeMmeHHaTa ousnka Ha BUCOKNTE
eHeprnn He e Bb3MOXHa

e l13nckBaHUATa KbM MH(PpaCTPyKTypaTa wWwe ce yMHOXaT npnonusntenHo 10
NbTW 3a cnegsawmte 10 rogmHun

e BepodaTHu peweHus:
o OnTummnaMpaHe Ha codTyepa
o Hoswu TexHONOrMM - MaWMHHO OByYeHne, aHanNUTMKa, UCKYCTBEH NHTENEKT
o OnTumMusMpaHe Ha U3Nosi3BaHEeTOo Ha XxapAayepa - Kell canTtoBe, AUPEKTHO YeTEHE OT JIEHTH,
o Hos TUN pecypcu - cynepkoMmnoTpu, odnaum, HOBM apxXuTEKTYpu (Creasallara nekuus)

Pa3npepenexnu usuncnenusi B ATLAS. Yact 1: TPUA, BYN 2024



KakBO He cnomMeHaxme..

e Kak peluaBame KOW KOJSIKO noTpedbuTen pecypcu ga nony4n? Kak Hanarame u
KOHTpONMpame pasnpeneneHmneTo?

e Kak peluaBamMe KOSMKO pecypcu Aa cu nomckame oT camtoseTe?

e KakBa e mepHaTta eguHuua 3a pecypcn (HEPSPEC/HEPSCORE)?

e Kak ce pasnpenenaTt N34ncnuTeNHUTE 3agadynTe B €4uH CanuT/KOMMIOTbPEH
LEHTBP?
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CE (Computing Element)

computing | |
execution service
element \ )

—» job submission interface local batch system interface

jobs
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