)
TexHonormm KonnMpoBaHus AaHHbIX «0onNbLLIOro» 0bbLEMA

[loknag4uk: A.E. WWeBenb
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Kpatkmnm ob630p

NCTOYHUKM OaHHbIX OOMNbLIOro oobLeEMA.
OnucaHue 1 apxuTekTypa AaHHbIX 00MnbLWOoro ooLEMa.
TexHornorm ncnonb3yemMole Npu repegaye daHHbIX 00sbLoro oobeMa.

BbinonHaemoe nccnegosaHne n obrnacTtu NPUMEHEHNA PE3YIibTaTOB.
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Hay4Hble NCTOYHUKN AaHHbIX «O0MbLLIOro»

* Hay4Hble 3KkcnepuMmeHTanbHble YCTAHOBKMU

—  http:/iwww.Isst.org - Large Synoptic Survey Telescope
* 15 TB per night (may be 10 PB/year)
https://www.skatelescope.org/ - Square Kilometre Array

« 300-1500 PBlyear
http://www.cern.ch — CERN

e ~20PBlyear (FAIR ~ same)
http://lwww.iter.org - International Thermonuclear Experimental Reactor

« ~1PBlyear
http://www.cta-observatory.org/ -CTA - The Cherenkov Telescope Array

« ~20 PBlyear
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PocT ceTeBoro Tpaguka Harvey B Newman

Remarkable Historical ESnet Traffic Trend

ESnet Traffic Increases Actual Dec
LRl 10X Each 4.25 Yrs, for 20+ Yrs 2012
15.5 PBytes/mo. in April 2013 Sprzeer | dorFOwWgo
10,000 The Trend Continues L F),
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28 SuB 2014 OD®BD [MTUAD




CeteBon Tpacdumk ATLAS Harvey B Newman

ATLAS Data Flow: 2009- April 2013

2012-13: >50 Gbps Average, 112 Gbps Peak
171 Petabytes Transferred During 2012

2012
Versus
2011:
+70%
Average
+180%
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Harvey B Newman

Pa3BuTmne ceteBblIX TEXHONOMMH
etwork Trends in 2012-13

100G Evolution; Optical Transmission Revolution

Increased multiplicity of 10G links in Major R&E networks:
Internet2, ESnet, GEANT, and leading European NRENs

= Tran5|t|on to 100G next-generatlon core backbones: Completed in
Internet2 and Esnetin 2012; US 100G endsites proliferating !

- GEANT transition to 100G: Phase 1 Completed by Mid-2013

- NREN 100G already appeared and spreading in Europe and Asia: e.g.
SURFnet & Budapest - CERN; Romania, Czech Rep., Hungary, China, Korea

> 100G Transatlantic (Initial trials) in 2013

> Proliferation of 100G network switches and high density 40G data
center switches. 40G servers (Dell, Supermicro) with PCle 3.0 bus

> Higher Throughput: 300G+ at SC12 — UVic, Caltech, Mich., Vanderbilt

- Trend towards SDN (Openflow, etc.): a Major Focus taken up by much
of the global R&E network community and industry

- Advances in optical network technology even faster: denser QAM
modulation; 400G in production (RENATER); 1 Petabit/sec on a fiber

The move to the next generation 100G networks is well underway
and accelerating; 200G, 400G production networks not far away

O®BO [TUAD
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VL IV

B Requirements in 10 years? Look 10 years back...

Metric Tevatron(2003) LHC(2012)
Remote Computing 15kHS06 (DZero 450kHS06 (CMS)
Capacity Estimated)
User Jobs launched per 10k per day 200-300k jobs per day
day
Disk Capacity per 0.5PB 60PB
experiment in PB
Data on Tape per 400TB 70PB
experiment
MC Processing Capacity 3M 300M
per month for Full
Simulation

Data Served from dCache 25TB per day 10PB per day
at FNAL per day
Wide Area networking 200Mb/s 20000Mb/s
from host lab
Inter VO transfer volume 6TB (DZero SAM) 546TB (ATLAS)
per day
Emerging Data Logistics Needs of the LHC Expts 17 September 5, 2013
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= Model must evolve

m Was: Hierarchical, strategic pre-
placement of data sets...

m Meshed data flows: Any site can
use any other site to get data

m Dynamic data caching: Analysis
sites will pull datasets from other
sites “on demand”’

m Remote data access: Jobs

executing locally access data at
remote sites in quasi-real time
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CeTteBaga nHdpactpyktypa LHC

* LHC OPN — Optical Private Network
* LHC ONE — Open Networking Environment

uenb LHCONE saBnsetcs obecrnevyeHne MHOXXECTBa TOYEK BXOAa B YACTHYHO
KOMMbIOTEPHYIO CETb 0ObeanHsaLWYto krnactepbl LHC T1/2/3 .

* ANSE — Advanced Network Services for [LHC] Experiments
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[pyrue reHepaTopbl «0ONbLUMX» AAHHLIX N NPEaNPUHATLIE
arn No N3y4YeHUo 3Toro peHomeHa

* NIST - http://bigdatawg.nist.gov/usecases.php - MHOro npumepos

ITrobas kpynHasa koMnaHus (B 0COOEHHOCTU TeNeKOMMYHUKaLUNOHHAgA)
Konun Bnaeo NoToKOB C ThbiCAY Kamep HabnogeHus n T. a.

[TocnegHee BpeMsa MHOIO roBOPAT NPO COXPaHEeHUe AaHHbIX Ha
onutenoHbIn nepuog (Data Preservation).

* http://bigdatawg.nist.gov/WhiteHouse big data press release.pdf - 29

mapTa 2012 Obama nognucan eblgeneHne $200M Ha n3ydyeHne doeHoMeHa
«bonblune gaHHble» (Big Data).
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http://bigdatawg.nist.gov/usecases.php
http://bigdatawg.nist.gov/WhiteHouse_big_data_press_release.pdf

Google trend for «the big data»

TR Ta!
UL
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bonblwne gaHHble — Big Data

* «BonblKne» gaHHble XapakTepuayTcs KOMMIEKCOM MPU3HAKOB:

* CKopocTb noctynneHns (M3ameHeHuna) gaHHbIx (Velocity)
* OOBbeMm gaHHbIX (Volume)
* PasHoobpa3une gaHHbIX (CIOXHOCTL CTPYKTYpbI) (Variety)

28 AuB 2014 ODBD [TUAD




ApXnTeKkTypa “0onbLlUNX” OaHHbIX

Big Data Provider
(Organizations)

28 AuB 2014

Big Data Management
(planning, every day management,
security, etc)

Big Data distributed Framework Provider
(Clusters, Storages, Networks, etc)
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OcobeHHOCTU nepegavun donbLUMX AaHHbIX

O6bIYHO BpeMs nepeaaym 0onbLUMX AaHHbIX COCTABMNAET Yacbl UM OHW.

3a Takoe BpeMsi MOXET CUINbHO U3MEHNTLCA OOCTaHOBKA B KaHare CBA3U
(napameTtpbl: RTT, npoueHT noTepu ceTeBbIX NAaKeToOB, NPOMNYyCcKHas
CNOCODOHOCTb KaHana).

HakoHeLl,, MOXeT BO3HUKHYTbL NepepbliB B KaHane cBA3n (CekyHabl, MUHYTHI,
Yyachbl, OHN).

[Tone3Ho nMeTb BO3MOXHOCTb UCMNOob3oBaTh ABa U boriee He3aBUCUMbIX
KaHana cBA3u (ecnu Kaxkabin N3 ABYX KaHaroB CBA3U UMEET BEPOATHOCTb
BbIXxoga U3 cTposi BO Bpemsa nepegavn ckaxxem 10%, BepossTHOCTb
OLHOBPEMEHHOIO BbIX04a U3 CTPOS ABYX KaHanoB coctasuUTt 1%).
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[lochnegoBaTenbHOCTL NepeaaYvn AaHHbIX

PyTep1

\PyTepZ
KomnbtoTep nepe,u,aTqle KOM”b*OTep NPUEMHMK

CDavmosaﬂ

dannosas cucrtemaz

cuctema
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Tema: KkonnpoBaHue/pennnumMpoBaHne

«OOnNbLUNX» OAHHbIX

B nabopatopusa ceteBbix TexHonorun http://sdn.ifmo.ru/ 8 HY MTMO
http://www.ifmo.ru/ cdpopmmnpoBaHo HanpasneHne nccriegoBaHum (cpean apyrux)
«KonupoBaHue/pennuuupoBaHne aaHHbIX 0onbLoro oobema Yepes VIHTepHETY.

Cospaetca pacnpegeneHHoin McneitatenbHein Ctena (100 Tb auckoBon namaTtu +
cepBep 96 GB onepaTtmnHon namatn nog OS RedHat/ScientificLinux ¢ kaxaown

CTOPOHbI).

* CpaBHUTENBLHOE U3yveHne aoCcTynHbIX cpeacTs (Bknovasd CMS PhEDEX u
ATLAS DQ2, Rucio) konuposaHus/pennmuumpoBaHna gaHHbIX O0MNbLLIOro
oObEMaA (TECTUPOBAHME N NBMEPEHUSA).

[anee paspaboTka npoToTuna CUCTEMbI KONUPOBAHUA/PENNULMPOBaAHNS
OAaHHbIX 60MbLIOro o6bLEMA, KOTOopast MOXKET ObITb UCMOMNb30BaHa B
KOHKPETHbIX 3KCMNEPUMEHTAX.
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http://sdn.ifmo.ru/
http://www.ifmo.ru/

[lpeanonaraemble nccrnegoBaHns

B Poccumnckom ceteBoM cermeHTe HEMHOIO AOCTYMHbLIX CKOPOCTHbLIX KaHaroB
(100 Gbit n BbiWwe). Tak YTO B UCCregoBaHMAX MNaHUPYETCA NCNONbL30BaThb TO,
YTO pearibHO OOCTYMNHO (B ocHOBHOM 1 Gbit).

[Tpn TecTupoBaHnK pasHbIX CNocoboB nepeaadn 6onbLUMX AAHHbBIX
npegnonaraeTcs ncnosb3oBatb 6onee, YeM OOMH KaHarn.

[lpegnaraeTtcs ncnonb3oBaTb OTHOCUTENBHO HOBYHO TEXHOMOMMIO —
[MporpammHo KoHpurypupyembie Cetu (INKC - SDN), nOCKOSbKY C 3TOM
TEXHOMNOIMEN yXxe NpoBOANIIN HECKOINBKO CEPUN TECTOBbLIX U3MEPEHUIN Doree
roga (annapaTHble U NporpaMMHblie peanusauunn).

Koonepauusa ¢ GENI (http://www.geni.net/)
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Google trend for SDN
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TexHornornyeckme ocobeHHOCTM nepegayn

* (OCHOBHbIE MPOTOKOMbI HU3KOro ypoBHA — cTek TCP/IP.

28 AuB 2014

Yuncno HacTpanBaeMbix napameTpoB B JIMHYKC Hemano (4yTb 6onbLue
880).

MHoroe 3aBUCUT OT CBOUCTB KOHKPETHOrO KaHana CBA3W.

HekoTopble napameTpbl TCP o4yeHb BaXHbl, HAnpumep, pasmep
broka, pa3mMep CerMeHTa, pasMep OKHa.

[ns yBenu4eHnst CKopocTu nepeaaydn gaHHbIX (gaxe no ogHomy
KaHany) OAHUM U3 OCHOBHbIX MEPOMNPUATUN ABMNAETCS OpraHM3aums
MHOrOMNOTOYHOM Nepenayn JaHHbIX.
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TecTnpoBaHMe Ha NepBOM 3Tane
porpaMMHble KOMMNOHEHTHI)

GridF TP - http://www.globus.org/toolkit/data/gridftp/

BBFTP - http://doc.in2p3.fr/bbftp/

FDT - http://monalisa.cern.ch/FDT/
[pyrne KOMNOHEHTHLI, B TOM YMCIE CUCTEMbI HAbSMOOEHNS 328 COCTOAHNEM

kaHana, Hanpumep, perfSONAR u gpyrue.
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http://monalisa.cern.ch/FDT/

CpaBHUTENBHOE U3Yy4YEHNE NMEKLLNXCS

(KpuTEpUU cpaBHEHUSA)
[ocTynHOCTb.

IHTepdenc c onepaTtopom.
[lponsBoaAUTENLHOCTD.
HapneHocCTb.

XpaHeHne nctopuun nepenad.

Bblga4ya oLeHKM BpeMeHU BbINONHEHUs nepeaayn aHHbIX 60nbLLoro oobema.

Ob6bEM noTpebnsembix pecypcos (CPU, namaTb, Npoy).

MeToa npoBepku NpaBUNbHOCTN NEpeaaydn.

Opyrve
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OCHOBHbIE Lienu paboThbl

KomMbuHupya yxe paspaboTaHHble COBPEMEHHbLIE KOMMOHEHTbLI U METOAbLI C
HalnMn nageamu/paspadboTkamMmn/onbITOM OOCTUYb MakCUMaribHO BO3MOXKHOM
NPOMNYCKHOW CNOCODOHOCTU Npu nepegadve 60bLUMX AaHHbIX Ha
CYLLECTBYIOLLMX KaHanax CBA3MN.

[TPUMEHNTDL ... (Y KOro-TO eCTb NPeasioXeHnsa?)

[lpuBneYb CTYQEHTOB ...(Y KOro-To MMetoTCA naeun?)
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Bonpock! ?
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[lononHuntenbHasa nHdopmaumna no bonsLnm

B dpmn3nke BbICOKMX SHEPrUn

http://icfa-scic.web.cern.ch/ICFA-SCIC/meetings.html

https://indico.cern.ch/contributionDisplay.py?sessionld=0&contribld=487 &
confld=214784

https://indico.cern.ch/contributionDisplay.py?sessionld=0&contribld=484 &
confld=214784

B apyrnx obnacrax:
* https://www.dropbox.com/s/3j7x7nnlOvpkcfb/Sokolov_ 27 06.pdf (Pyc)
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http://icfa-scic.web.cern.ch/ICFA-SCIC/meetings.html
https://indico.cern.ch/contributionDisplay.py?sessionId=0&contribId=487&confId=214784
https://indico.cern.ch/contributionDisplay.py?sessionId=0&contribId=487&confId=214784
https://indico.cern.ch/contributionDisplay.py?sessionId=0&contribId=484&confId=214784
https://indico.cern.ch/contributionDisplay.py?sessionId=0&contribId=484&confId=214784
https://www.dropbox.com/s/3j7x7nnl0vpkcfb/Sokolov_27_06.pdf

Data Management
Where is LHC in Big Data Terms?

. . W | Big Data in 2012 | In 2012: 2800 exabytes
Business emails sent Congres created or replicated

3000PB/year 1 Exabyte = 1000 PB
(Doesn’t count; not managed as

a coherent data set) Reputed capacity of NSA’s
new Utah center: 5000 ExaB

~14x growth (50-100 MW)
expected 2012-2020

Facebook uploads

180PB /year We are big...

not NSA-big, but big
(and more cost efficient)

LHC data
Current ATLAS

data -set; a‘ll.da'ta
products: 140 PB

Census

Wired 4/2013

http://www.wired.com/magazine/2013/04/bigdata/

28 AuB 2014 B“““K“&"E“ October 15, 2013 Torre Wenaus, BNL CHEP 2013, Amsterdam




Decimal

Value Metric

1000 KB Kilobyte

1000< MB megabyte
1000° GB gigabyte
10004 TB terabyte
1000° PB petabyte
1000°% EB exabyte
10007 ZB Zzettabyte

1000% YB vyottabyte
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