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The Challenges...
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6 Years of LHC Computing

e e—————— LHC data — June-July
’ >400 TB/day — new records for pp
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CASTOR AND EOS (6 INSTANCES)

CASTOR Out CASTOR In @ EOSOut @ EOSIn per 5m | (6261262 hits)
96 GB

CERN internal data

traffic — sum close to
100 GB/s
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The CERN Data Centres

=i Overview: Data Centre

MEYRIN DATA CENTRE

@ Number of Cores in Meyrin

@ Number of Drives in Meyrin

@ Number of 10G NIC in Meyrin

@ Number of 1G NIC in Meyrin

@ Number of Processors in Meyrin

@ Number of Servers in Meyrin

@ Total Disk Space in Meyrin (TB)

@ Total Memory Capacity in Meyrin (TB)

BATCH JOBS (#)

OTHER @ ATLAS @ CMS @ ALICE @ LHCB per 3h | (5040 hits)
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DATABASE TRANSACTIONS PER SECOND

©® ORACLE per 3h | (169 hits)
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WIGNER DATA CENTRE

Number of Cores in Wigner

Number of Drives in Wigner

Number of 10G NIC in Wigner

Numer of 1G NIC in Wigner

Number of Processors in Wigner
Number of Servers in Wigner

Total Disk Space in Wigner (TB)

Total Memory Capacity in Wigner (TB)

EOS ACTIVE DATA TRANSFERS (#)

PUBLIC @ ATLAS @ CMS @ ALICE @ LHCB per 3h | (40896 hits)
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VIRTUAL MACHINES CREATED (#)

@ VMs per 3h | (1995 hits)
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7 days ago to a minute ago v

NETWORK AND STORAGE

@ Tape Drives

@ Tape Cartridges

@ Data Volume on Tape (TB)
@ Free Space on Tape (TB)
@ Routers (GPN)

@ Routers (TN)

@ Routers (Others)

@ Switches

FILE TRANSFER THROUGHPUT (GB/S)

@ ATLAS @ CMS @ ALICE @ LHCB per 3h | (6048 hits)
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WIGNER NETWORK LINKS (GBIT/S)

@ OUT (GEANT) @ OUT (T-Systems) @ IN (GEANT) & IN (T-Systems) per 3h | (2680 hits)
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Linking the Data Centers

Total Traffic to/from Wigner
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Initial studies on Computing for HL-LHC
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Scale of data tomorrow ...

450.0
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Possible Model for future HEP computing

Simulation resources
ATLAS @ CMS LHCb ALICE L LHC®home

HLT | HLT  HLT 02
l ~nar

Reconstruction facili y
(calibration, alignment,
reconstruction)

U N7 XN Yy ‘V'

—

L Archive at “AODv” level J

LLr
ul

Distribute

Analysis

nnnnnn
nnnnnnnnnnnnnnnn
cccccccc
nnnnnnnnnn

LHC Data cloud

Storace and compute

CE/RW
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Cloud users:
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Data Preservation
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Long Term Data Preservation

Ensure that LHC Data Is preserved for future
generation

Not only bits & bytes, also the programs that
generated them

-  More & more a requirement of funding agencies

- Many other disciplines, ranging from science to
arts & humanities, already (very) active

@@W
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CERN Archive current numbers

Data to CASTOR tape, 2002-2016

Data:

. ~160 PB physics
data (CASTOR)

. ~7 PB backup (TSM) e
Tape libraries: 111 PiB
. IBM TS3500 (3+2)

Physics Data in CASTOR

89 PiB

. Oracle SL8500 (4) .

m 57 PiB
Tape drives:
. ~100 archive 44 P
Capacity: =
. ~70 000 slots o L
° ~25 000 tapes 20021 2'003-1 2004-1 2005-1 2006-1 2007-1 2008-1 2009-1 2010-1 2011-1 20121 2013-1

== fileSize Current: 136.6 PiB sizeOnTape Current: 147.2 PiB
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fileCount Current: 460.8 Mil
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Large scale media migration

-  Challenge:

. ~85 PB of data
2013: ~51 000 tapes
2015: ~17 000 tapes
Verify all data after write

60000

50000

40000

30000

20000

3x (255PB!) pumped through
the infrastructure 10000 > -
(read->write->read) .

. Liberate library slots for new cartridges 20 e

Decommission ~35 000 obsolete tape cartridges

- Constraints:
. Be transparent for user/experiment activities
. Preserve temporal collocation

CERN Finish before LHC run 2 start
mlnformatlon Technology Department Frédéric Hemmer, 29.8.2016 CERN School of Computing 2016
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Tape contamination incident

~25mm (~120MB over 144 data tra

Over 30m3/min of airflows per library
. (Home vacuum cleaner: ~2m3/min)

holes and scratches Operating environment required for new-
generation drives: 1SO-14644 Class 8
(particles / m3):

Class >0.5 um >1 um >5 um
8 3520000 832000 29 300

al1and
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Future...

Run-2 (2015-2018): Expecting ~50-80P
of new data (LHC + non-LHC)

Bl/year

. +7K tapes / year (~35°000 free library slots)

Run-3 (-2022): ~150PB/year. Run-4 (2023 onwards):

200

Total data (PB)

750

300.
mm B

2015-2017 2018-2020 2021-2023 2024-2026 2027-2029

3750

1950

Capacity per tape (TB)

600PB/year..
. ... tape technology grows faster
. tape roadmaps at 30% CAGR for at least 10 years oo
. demo for 220TB tape by IBM/Fujifilm in April 2015
200
. ... but: market evolution
is difficult to predict =0
. Tape media: monopolyin shrinking market
100
. Disk: “duopoly”
. Cloud storage solutions o
. Disk capacity slowdown .. may slowdown tape products!
. storage slowdown == higher archiving costs N

CE/RW
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... and the past

LEP-era data: ~370TB

16000

« ~ 15000 tapes 10000

2007 4000
«  ~ 1500 tapes -

2015:

LEP tapes in CASTOR

2000: el

12000

3000 -
6000 -

2000 2007 2015

« 30 tapes... x 2_(replicated In separate buildings)

° Cost:

SR
. _ 3

CE/RW
/) ‘ mlnformation Technology Department Frédéric Hemmer, 29.8.2016

CERN School of Computing 2016

22

21|gNd :uoneolyIsse|D JuUaWnd0(


http://information-technology.web.cern.ch/
http://information-technology.web.cern.ch/

Data Preservation for Re-Use

Re-use: by Collaboration, Theorists, Scientists, Public, Others for Science, Education, & more

. New analyses, reproducibility of results, linking papers to data, data sharing, etc (= Data Management
Plan)

. LEP data: ~100TB/expt until ~2030 (and more)

. LHC data: many EB and more — until FCC??

Preserve data, documentation, code, meta-data, etc
. “Data” is the “easy” bit (no pun intended)

Collaboration: CERN IT groups, other CERN depts, expts, other HEP labs, other DP projects
worldwide...

OPERA: a new challenge for 2016
. ~70TB in Oracle, ~10TB in ROOT files
. Can we use our “template” on other HEP experiments?

cEn)
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Software Licensing
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Increasing costs of software products at CERN

Incompressible
expenses for software 2826 2716 3171 4127 4310 4526 4911 5143
licences & maintenance

Software Licences & Maintenance (kCHF)
6,000
5,000
4,000
3,000
2,000
1,000

0
2008 2009 2010 2011 2012 2013 2014 2015
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Summary

Data Preservation
« Difficult even at the bit level

Storage, Compute +  Has usually not been
oudgeted

- New computing models
-  More efficient software

. Opportunistic Computing Software licensing
- (Commercial) Clouds « RiIsk Management
- Exit strategies may be
needed
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28 August to 10 September 2016 in Mol, Belgium

Organised in collaboration with SCK-CEN
and the Vrije Universiteit Brussel (VUB}
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30t May 2016
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