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CopepraHue

1. BsepeHue
— bigData, rpua, obnaka u cynepkomnbroTepPbI

2. Cwncrema ynpasneHma paboumm notokom PanDA ans skcnepumeHTa
ATLAS LHC. OcobeHHOCTM U apxXMUTEKTYpa.

[MpoeKT MegaPanDA, oCHOBHble uenn.

4. [OesatenbHocTtb HUL «KypuaTtoBcknit nHctuty™» (HUL, KU) B pamkax
MegaPanDA:
—  Apantauus PanDA K HPC HAL KN 1
— NoppepxKa He HEP obnacteit HayK, Ha npumepe, bBUonHPopmaTmKm 2

w

5. 3aKknwyeHue

MoapobHee B AOKNaAaX:

1 - IHTerpauua cynepkomnbtotepoBs B pna-nHdpacTpyKTypy Ha npumepe KypyaTtoBCKoro
nHctutyTa. O.ApwKyK, A.Aynos, A.KnumeHnTtos, P.MawunHucros, A.Hosukos, A.lMonaa,
N.TepTblYHbIN

2 - NHTepdenc cuctemnbl ynpaB/ieHNA AaHHbIMU U 3a4a4amMu, Tpebyowmmm
BbICOKOMHTEHCUBHbIX M BbICOKONPOU3BOAUTE/IbHbIX BbluMcneHnn. B. Aynos, [.JpUKYK,
A.KnnmenTos, P.MawwuHuctos, A.HoBunkos, A.lMonaa, N.TepTbluHbIN



MwupoBble [pna pecypcol

Tier-0 (CERN):
« Data recording

Initial data reconstruction . ~170 s|tes “’?
+ Data distribution
>500k CPU cores

Permanent starage Tier-2 (~160 centres): ~300PBdISk

Re-processing * Simulation
Analysis 0 S ALSEL S http://wlcg.web.cern.ch/
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MwupoBble ueHTPbl AaHHbIX [pna, Amazon, Google

* LHC Computing (WLCG)
. 170 cantos
* 500k CPU sapep
. ~5000 nonb3oBaTtenemn
Amazon : 9 6onblunx canTos/30H
. no ~2M CPU apep/caiiT, Bcero
~4M - B 10 pa3 bonblue Aaep Ha B
1/10 caiToB Yem B rpua,
. 500 TbicAY nonb3oBaTenemn
 Google: ¥13-40? ueHTPOB, CTOMMOCTbIO
~S600M, 100-200MBT KaskAabli1
(lomoHocos MY 52k agep ~S63M, 2.6-
3.0MBT7 1.1.7Pflops; Tianhe2 Kutan 3.1M
agep 24MBT 1.27Tflops)

.ot
A

(2 9 ' 5%

Amazon Google
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CvnepKomnbroTepbol tODSOO Nov2014

RPEAK POWER
RANK SITE SYSTEM CORES [TFLOPIS] (TFLOP/S) (KWV)
1 Mational Super Computer Tianhe-2 (MilkyWay-2) - TH-IWVB-FEP 3,120,000 33,862.7 54 902 .4 17,808
Center in Guangzhou Cluster, Intel Xeon E5-2692 12C
China 2 200GHz, TH Express-2, Intel Xeon Phi
3131P
NUDT
2 DOE/SC/Oak Ridge Mational  Titan - Cray XK7 , Opteron 6274 16C 360,640 17.590.0 27.112.5 8,209
Laboratory 2.200GHz, Cray Gemini interconnect
United States MWVIDIA K20x
Cray Inc.
3 DOE/MNNSA/LLNL Sequoia - BlueGene/Q, Power BQC 16C 1,572,864 17,173.2 201327 7,890
United States 1.60 GHz, Custom
IBM
4 RIKEN Advanced Institute for K computer, SPARCE4 VIIIfx 2.0GHz, Tofu 705,024 10.510.0 11,2804 12,660
Computational Science (AICS) interconnect
Japan Fujitsu
5 DOE/SC/Argonne MNational Mira - BlueGene/Q, Power BQC 16C 786,432 8,586.6 10,0663 3,945
Laboratory 1.60GHz, Custom
United States IBM
6 Swiss Mational Piz Daint - Cray XC30, Xeon E5-2670 115,984 6,271.0 7,788 9 2325
Supercomputing Centre 8C 2. 600GHz, Aries interconnect
(C3CS3) MWVIDIA K20x
Switzerland Cray Inc.
T Texas Advanced Computing Stampede - PowerEdge C8220, Xeon 462 462 2,168.1 8,5201 4,510
Center/Univ. of Texas E5-2680 8C 2.700GHZ, Infiniband FDR,
United States Intel Xeon Phi SE10P
Dell

http://www.top500.org/lists/2014/11/
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BigData

Business emails sent
3000PB/year
(Not managed as

a coherent data set) B'g Data in
2013

Facebook uploads
180PB/year

LHC data
15PB/yr

htxc,gzlﬁ"v(\;vél .%\(/?t:'l'e?a.com/magazine/2013/04/bigdata/
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http://www.wired.com/magazine/2013/04/bigdata/

Argentina

Armenia
Australia
Austria
Azerbaijan
Belarus
Brazil

Netherlands
Norway
Poland
Portugal
Romania
Russia
Serbia
Slovakia
Slovenia

South Africa

JKkcnepumeHT ATLAS LHC

174 YHnsepcmteToB 1
nabopartopwuii n3
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@ The Nobel Prize in Physics 2013
Frangois Englert, Peter Higgs

The Nobel Prize in
Physics 2013

w m :'yw% ns

Frangois Englert Peter W. Higgs

The Nobel Prize in Physics 2013 was awarded jointly to Frangois Englert and
Peter W. Higgs "for the theoretical discovery of a mechanism that
contributes to our understanding of the origin of mass of subatomic
particles, and which recently was confirmed through the discovery of the
predicted fundamental particle, by the ATLAS and CMS experiments at
CERN's Large Hadron Collider”



JKkcnepumeHT ATLAS LHC.
«ObewaHHble»(pledged) pecypcsl

[lo Bcem Tiers AOCTYNHO:

179,625 532,910 5,716,182 3,083,512

325,934,747 249,432,000 240,447,948 274,592,000

CPU, HEP- Disk, Tbytes | Tape, Tbytes
N3 HUX ana SPEC06
TpebyeTcs 1175000 103000 98000
B Hananuum 1275226 110293 103190
% OT 0OLLMX 22 34 43

http://wlcg-rebus.cern.ch/apps/pledges/resources/
26/05/2015, PUBC-XXI, [lybHa



Y10 Takoe PanDA? &p

PanDA

PanDA - Production and Distributed Analysis, npoekT, pa3paboTaHHbIN ANA NOAAEPKKU
pabouero NoToKa 3aaa4y 1 AaHHbIX akcnepmmeHTa ATLAS (LHC CERN) n ap.

Kntouesbimu naeamm ABNINUCL:

1.
2.

ObecneyeHune ANna NONb30BATENIEN €AUHOM LeHTPaibHOM ovyepeam (M3 COTEH canToB).

CHUXeHne oWwnbOoK N U3aepKeK Ha YPoBHE NoaaeprKKM caiiTa — C MOMOLLbIO CUCTEMb
3anycKa NMAOTHbIX 3aaaHun (pilots).

MNoapeprka pasnuyHbix cpeq NMMNO (middleware, n nx Bepcuin) ¢ yHMGULUMPOBAHHbIM
npeAacTaB/ieHMEM BbICOKOYPOBHEBOIO paboyero NnOToKa A4/1A NO/Ib30BaTENEN U
MCMNONb30BAaHNEM CUCTEMDI.

CKprTb cpeactBa aBTomatTmnsaunn ynpasaeHmA pa6oqero NOTOKa OT NO/Ib30BaTeNEN.
Hanpmmep, Nno2ib30BaTe/ 1o NpPegoctaBaAeTCA BO3IMOXHOCTb 3alNyCTUTb 3a4aHUE Ha/,
Ha60p0N\ BXOAHbIX AadHHbIX, @ CUCTEMA aBTOMATUYHECKU ONPELENNUT, KaK pa36I/ITb
3aadHne Ha 3a4a4yu, rage n Korga 3anyCckatb N nNepe3anyCckatb UX.

MNoppepXmMBaTb BO3MOMXKHOCTb MPOCTON MHTErpauum rpna, u ob1ayHbIX CanTos, a TakK
e HPC.

Ncnonb3oBaTb eAnHYI0 cMcTemMy ynpasneHua pabodynm notokom(PanDA WMS) ans
334,34 reHepaunm cobbiTn (aHaNUTUYECKKX), 06paboTKM AaHHbIX
(3KCcnepmmeHTanbHbIX) N NONb30BATENbCKUX 33434 aHa/n3a.



ApPXUTEKTYpPA PanDA WMS

Production
managers PanDA s.er'ver-
w pr'oduc’rlon P h1"|'ps
1IPs Logging
define System
- PU”
http http https NDGF N
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Worker Nodes
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Y1o Takoe PanDA Pilot

 PanDA Pilot — nerkoBecHoe npunoXxeHune AnAa ynpasneHus
BbINOJIHEHMEM paboyero NOTOKa Ha HEKOTOPbIX BbIYUCANTENBHbIX
pecypcax.

e PanDA Pilot obecneuunsaert:

NPOBEPKY aKTya/IbHO AOCTYMHbIX PECYPCOB, Paboyero okpyXKeHus,
ycTaHoBAeHHoro O B coOTBETCTBMU C abCTPAKTHbIM ONUCaHUEM
pecypca B UHPOPMALMOHHOMN CUCTEME U NOAAEPHKNBAEMbIM
3KCNEPUMEHTOM;

3anpoc nHpopmaummn o paboyem notoke(sanadax) ot cepsepa PanDA
B peXmnme nosgHemn NpmuBssKM K pecypcy;

HACTPOMKY OKpy*eHus, cneundundeckoro ana BO(npoekra);

3arpysKy BXOAHbIX AAHHbIX U BbIFPY3KY pe3yabTaToB (B T.4. 10rOB
PaboTbl NKUI0Ta U NPUNONKEHUS);

oTCc/NeXXMBaHME BbINONHEHMA paboyero NoToKa Ha y3/1e, BKAtoYas
obHoBNEeHMe ero ctatyca Ha cepsepe PanDA;

BO306HOB/EHME OWMOOYHbIX 3a4au.



PanDA Pilot

PanDA Pilot umeet moaynbHy0 apXUTEKTYPY,
4YTO NO3BOJIIET MY NTMOKO NnoaaepKMBaTb
Pa3/In4Hble NHPPACTPYKTYPbI (K
BbIYMC/IUTENbHbIE Cpeabl) C MOMOLLbIO
NAarnHoOB, B T.4. BO3MOHO MCNO/Ib30BaHUE
PA3/IMYHbIX TEXHO/IOTMIN Nepeaadn Gannos.



[lponeAa3Kka PanDA K npoeKTty ATLAS

ATLAS cneumdmnYHOCTb B:

* Pilot — moaynbHbIN, HO MHOTO BKJOYEHWNIN, XapaKTEPHbIX
ANA NPOEKTa.

e Pabota ¢ nnaHuposwmkom CondorG — ctabmnbHOCTb, HO He
NA BCEX pecypcos.

* PaccumnTaH Ha cxemy 1 nuaot — 1 3agavya —1 Aapo nau ysen,
a He Ha noaaepKy MPI 3agau.

 Database — ueHTpanbHaa nanM noKkanbHan, anaenThbl
npusA3aHbl K Oracle(He nonHocTblo public).

* Ceptundukat X.509 c VO role=atlas ana 3anycka nunotos.

e Storage — cuctema metagaHHbix RUCIO (ueHTpanbHbin MQ
cepBep C o4yepeasmu ANA NepemelleHuUs AaHHbIX).



{t::} NpoektT MegaPanDA

PanbDA

NopaeprKka obnacrten HayK 3a npeaenamu HEP (ATLAS,
etc), Hanpumep, 3aga4m 6UONHGOPMATUKK, ACTPOPU3NKM

nap..
YyacTtue B:

* ApanTtauua 3anycKa PanDA 3aaay Ha
cynepKomnbioTepax

* [logpeprKKa u pa3sutue «mysgl» Bepcmm cepsepa
PanDA.

 Apantaumua ueHTpanbHon 6a3bl K NoSQL-peweHusam.
* PedakTopuHr Koga moaynen PanDA.
* [lakeTnpoBaHue.



Computing
Resources
. =
o e - i ;
-4 Tob { Pilot ) ,i&!
request
PanDA Server // Supercoputer
CERN //
/" Job (FiloD) 7
/ request &!
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‘5\;\
job AT Pilot) -'!
job_~https Grid CE
/submit
4 Pilot ) =
(Client API ) 41&
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User Web-
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BbicokonpoussognTenbHbin BbluUCcAnTENbHbIN KnacTep HPC2 BToporo
NOKONEHMA C MMKOBOW NponssoauTenbHocTbio 122,9 TFLOPS caaH B
3KcnayaTaumio ¢ ceHTabpsa 2011 ropa. B 15-o1 pegakumm poccMmnckoro
pPenTUHra cynepkomnbototepos top50 oH 3aHUMaET no3unumto #2

26/05/2015, PUBC-XXI, OybHa 16


http://top50.supercomputers.ru/?page=rating

ApanTtayuma K cynepkomnbiotepy HUL KU

OcobeHHOCTU cynepKomnbloTepa:

10240 spep = 1280 y3nos 2x Intel Xeon E5450 3,001y, 4 agpa 16 6 RAM;
122.9 Tflops.

TouKa Bxoaa Ha cynepkomnbioTep(Ul) paccumTaHa ToNbKO Ha 3anyckK 3aaa4
B o4yepeb AN KOMNUAALUMIO NPUNOIKEHUN.

Obuwasn parnosana cuctema(Lustre) ana paboumx yanos(WNs) aocTynHa Ha
Ul.

Y Bcex paboumnx y3nos ectb npssmoi Bbixoa 8 WAN.
K WNs nogkntoueHa CVMFS .

OpraHn3oBaH CKOPOCTHOM AOCTYN K XpaHuauwly Tier-1 SE rpua canTa
ANALY_RRC-KI.

Cucrtema 3anycka 3aga4 SLURM (He CondorG).

PeannsoBaHa cuctema yaanEHHOro 3anycka yepes ssh, ¢ noaaep»KKom
CUHXPOHM3aLUMN BbINONHEHUA 3a4a4, BXOAHbIX U BbIXOAHbIX $halinos.



Apxutektypa PanDA@HPC_KI gna 3anycka ATLAS 3aaau

[MnnoThbl 3dMYCKaOTCA Ha KaXX40M y3/21e

Yucno nnnotos paBHO 4HnNcny CBO60,£I,HbIX A4ep no vymcny

BUpPTYasbHbix cnotoB CondorLocal

Pilot job requset /

Computing Element (Kurchatov Institute)

response
* — * Pilot
PanDA Server < »
(CERN) h -
A Node/slote
Pilot
< >
Pilot Launcher qun pilot—3 > Node/slote
(Kurchatov Institute) P tl Pilot
R
M >
Node/slote
Y
Pilot
Tierl Storage Element
(Kurchatov Institute) < »
Broadband
Node/slote

WM <0

26/05/2015, PUBC-XXI, OybHa
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Apxutektypa PanDA@HPC _Titan

Apantauus PanDA ana Titan OLCF, Oak Ridge (A.0OnenHunk, BNL):
*  [MnnoTbl 3anycKatoTcA Ha MHTEPAKTUBHOM Y3/1€ CYNnepPKOMMNbIOTEPA

*  [nnoT B3aMMOAENCTBYET C IOKANIbHbIM MIAHUPOBLLUKOM AN
ynpaB/ieHnA 3a4a4en

° Yucno nunotos = YMUCAy AOCTYMHbIX CAOTOB N1aHUPOBLLINKA

( Titan LCF 1

Interactive node —> Multicore WN |

PanDA@EC2

Job scheduler
x509

R

PanDA Job (HTTPS) "Piiot's = Multicore WN |«
Q -

Data (gridFTP) ¢

. Backfil Titan' |
BigPanDA info L*~| queue ——= Multicore WN |
Monitaring | e

\ Data Transfer

omputin
Job
1 'DTN'
7|  queue )
— ———= Multicore WN |«
Storage@BNL
Node (DTN)

| Multicore WN [«
ATLAS SW CVMFS / rsync
26/05/2015, PUBC-XXI, Ay6Ha
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AnbTepHaTuBHaA apxmtektypa PanDA@HPC _KI

*  [lnnoTbl 3aMNyCcKaloTCA Ha BHELWHEM Yy3/1e NN MHTEPAaKTUBHOM Yy3/ie
* [wunoT 3anyckaeT 3a4a4vy Ha y3ne / y3nax yepes SLURM

*  Bo Bpems BbINONHEHUNA 3a4a4a UmeeT goctyn K Tier-1 ¢ AaHHbIMU U K
CVMEFS

Computing Element

[HPC_KI]
WHTEPaHTHEHBIF Y3
PanDA Server < > W -
[ e ’
¥ Backfill
 Info
Pania Job Bilat 7
(HTTPS) 4 < > N
bHPC
Kl instance) AL ) 5
4 L
u
(0 MOWE R
KI_MOVER " . o e
F 3
Transfer W »
jab < > v il
A
Result
A
Ehared F&
I
[
Processing Input Data to
result WH
Tierl Storage Elerment [KI)
Do /NAC /aNAC DIANC \/\/
ZUJUI7ZU LT, TVIDUTANT, LAYyUHRd
CVMFS (CERN]




CpaBHeHUe ABYX apXUTEKTYP

* Apxutektypa KM ncnonbsyetr HPC nntepdeinc nnnota (peannsosaH
cBomn Knacc runJobHPC).

* B apxutektype KU 3agaya, 3anyweHHaa Ha WN nmeet goctyn K
CVMEFS v K gaHHbIM, XpaHAwWMmMcA Ha Tier-1 KW.

PanDA@EC2
>
x509
PanDA Job (HTTPS) prr=e—
ilot's
: auncher"

BigPanDA
Monitoring

uuuuuuuuuuuuuuuu

[ Titan LCF

MkTepakieHsi yaen

Multicore WN

Job scheduler

Pilat | |
runiobHPC [ ooy
. | (Kl instance)
Backfill Titan -] 14|
o info L¥| queue
KI_MOVER
Computing
Job
HP ‘DTN’
= _+7| queue
or =
I
i

Backfil
Info

Storage@BNL

Data (gridFTP)

- Rt
Data Transfer

— Shared F5
Node (DTN) Shared FS / HPC Scratch arel |
I
|
Processing  InputDatato
result
ATLAS SW CVMFS / rsync Tier] Storage Element (K1)

Ul

CYMFS [CERN] }7
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CTaTI/ICTl/l Ka pa60Tb|

Runn.rng ;obs
frorm Week o Wiie

| Tecrosbiit PanDA
= | cantc
Lo 1 ucnonb3oBaHWem
T 1 pecypcos
1 cynepKkombloTepa
HULL KM
Il e IULEILAR 1 tRTR
e g

1 Tierl rpng PanDA
| pecypc HAL, KA

Mar 2015 Apr 2015 ay 2015
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CtaTucTUKa pabotnbi (2)

L . ,
@dGSh % Completed jobs Cumulative
4439 Hours from Week 45 of 2014 to Week 20 of 2015 UTC
. T T ¥ ¥ T
35.000 [
30,000 |-
25,000 =
20,000
15.000 =
000 - e
soo0 o
° . - : : :
Jan 2015 Fet 2015 Mar 2015 Apr2015 May 2015
= Others (23,179} 9 Analysis (13.470) . MC Simulation {1.00)
Total: 36,650 , Average Rate: 0.00 is
P
anrdash 5 Completed jobs Cumulative
4439 Hours from Week 45 of 2014 to Week 20 of 2015 UTC
¥ Y T T T
120,000 [
100,000 [~
20,000 |-
60,000 |-
40,000 |-
20,000 |
a r a a a a a
Deoc 2014 Jan 2015 Fet 2015 rar 2015 Apr 2015 May 2015
- Analysis (111,003 = Others (27,093}

Total- 138.096 . Average Rate: 0.01 /s
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[MoaneprKKa 3aga4y OMOMHPOPMATUKMU

Ha npumepe 3a4a4 BblpaBHUBAHUA U COOPKM reHOMa C
NMOMOLLLbIO NporpamMmmHoro obecneyenmna Bowtie2 u Abyss:

* Bonee pecypcoémrkue(namatb He 1-216/3apaua).
* Bo3moxkHocTb paboTbl ¢ MPI(T.e. > 1 aapo/3anaya).

* [lonb3oBaTenu He roToBbl paboTaTb ¢ pua barnnosbim
KaTtanorom (a cneu,. yTuauT y Hux Het — DQ2/RUCIO).

* [lpobnema rpna X.509 ceptndmKata Ana 3anycka 3agad B
cucteme (ero HerT).

 CoBmecTHas 06paboTKa 3a4a4 CTOPOHHUX
nonb3osaTesien u skcnepmmeHTa ATLAS (c ueHTpanbHOro
PanDA cepBepa).



[Tonb30oBaTe/IbCKUN NHTEPPENC

= ]

PanDA web client Job list

Select distributive:

bowtie2 2.2 4

Input files:
File 0 selected: test.txt
File 1 selected: test2.txt
Select file 2:
Chooze File | No file chosen

Add another input file
Parameters (may include: english letlers, digits, spaces, -_=V.5 symbols)

Dutput files' names: (may include: english letters, digits, spaces, -_. symbals)

PanDA web client Joh list

Add ancther output file

Submit || Reset JObS IISt

JoblD PandalD Owner ModTime Status
April 22, 2015, 1:52 p.m activale
April 22, 2015, 1:53 pm

26/05/2015, PUBC-XXI, OybHa
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[Tonb30oBaTe/IbCKUN NHTEPPENC

PanDA web client Job list New job

Select distributive:
bowtie2: 1.5.2

Input files:

O630p... = Painbl He BoiGPaH.I.

Reset  Send job

Help

Ivan Tertychnyy ~

PanDA web client  Joblist  Newjob

Help

Ivan Tertychnyy ~

Show| 10 [ entries Search:
Owner *  PandalD Distributive Created Modified Status

Ivan Tertychnyy 5 bowtie2 22.05.2015 9:42 22.05.2015 9:42 failed

Ivan Tertychnyy 6 bowtie2 22.05.20159:49 22.05.2015 9:49 failed

Ivan Tertychnyy 7 bowtie2 22.05.20159:54 22.05.2015 9:54 finished

Ivan Tertychnyy 8 bowtie2 22.05.20159:55 22.05.2015 8:55 finished

Ivan Tertychnyy 9 bowtie2 22.05.201510:26 22.05.201510:26 finished

Ivan Tertychnyy 10 bowtie2 22.05.2015 10:29 22.05.2015 10:29 finished
Showing 1 to 6 of 6 entries Previous 1 Next

26/05/2015, PUBC-XXI, OybHa
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3aKato4eHue U NaaHbl &3}

PanbDA

[MponssegeHa wuHTerpauna PanDA WMS ¢ cynepkomnbtotepom HUL,
“KypyaTtoBCKMUM MHCTUTYT”. (B T.4. c o6na4yHOM nnaTtdopmon Ha pecypcax HUL,
KWN).

Pa3paboTaHbl, 0606LLEHbI U peann3oBaHbl HOBble CXeMbl PaboTbl MUAOTHbIX
33/1aHUWN, NO3BONAKOWMX COBMECTHYIO 06paboTKy 3aaa4 akcnepumeHTa ATLAS
N UHbIX NpoeKToB(obnacTen Hayk).

PaccmoTpeHbl npobnembl M TpeboBaHMA 3anycka MONb30BATENbCKUX 3a4ay
MHbIX obnacteir Hayk, Ha npumepe 3aga4  HMOMHDOPMATUKY,
pa3pabaTbiBalOTCA MHTEPDENCHI U NOPTaN ANA 3anyCKa UX 3aau.

[peactaBneHHbIM  NoAxod MO3BOASAET O00beAMHATb  BbIYUCAUTE/IbHbIE
MOLLHOCTM  Pa3MYHbIX WHOPACTPYKTYP AN NpoBeAeHMA MACWTAbHbIX
BbIYNC/IEHNI B BbICOKOMHTEHCMBHbIX 061aCTAX HayKK, Takmx Kak HEP(Pu3snka
BblcOKuX dHeprui), buonHpopmaTtmKka, actpodursmka u Apyrmx.



bharoaapHoCTH

PaboTta komaHabl nabopatopumn HUL "KypuaTtoBcKknm
MHCTUTYT ocyuwlecTBaaeTca npu dMHaAHCOBOU
nopgaepxke Muuucrepcrsa ObpasosaHuma n Hayku PO
B pamKax KoHTpaKTa Ne 14.750.31.0024.



bnarogapto 3a BHUMaHue!
Bonpochb!?
novikov@wdcb.ru
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