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Outline

• Computing for LHC

• Data Preservation

• Software Licensing
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The Challenges…
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6 Years of LHC Computing
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LHC data – June-July

>400 TB/day – new records for pp

 Global transfer rates 
increased to > 35 GB/s 
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CPU: 250 M core-hours/month

CERN internal data 

traffic – sum close to 

100 GB/s

15 PB 23 PB 27 PB LHC: 26/36 PB
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The CERN Data Centres
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Linking the Data Centers
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Scale of data tomorrow …

0.0	

50.0	

100.0	

150.0	

200.0	

250.0	

300.0	

350.0	

400.0	

450.0	

Run	1	 Run	2	 Run	3	 Run	4	

CMS	

ATLAS	

ALICE	

LHCb	

Frédéric Hemmer, 29.8.2016 CERN School of Computing 2016 10

0	

20	

40	

60	

80	

100	

120	

140	

160	

Run	1	 Run	2	 Run	3	 Run	4	

GRID	

ATLAS	

CMS	

LHCb	

ALICE	

Data: ~25 PB/year  400 PB/year Compute: Growth > x50

10 Year Horizon

What we think is 

affordable unless we do 

something differently

2010            2015                 2018                2023 2010            2015                   2018                   2023

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


D
o

c
u

m
e

n
t C

la
s
s
ific

a
tio

n
: P

u
b

lic

Reconstruction facility
(calibration, alignment, 

reconstruction)

ATLAS

HLT

CMS 

HLT

LHCb

HLT

ALICE

O2
turbo

Archive at “AOD” level

Distribute

LHC Data cloud
Storage and compute

1-10 Tb/s

DC

DC DC
Compute

Compute

Simulation resources

Cloud users:

Analysis

Possible Model for future HEP computing
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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

Frédéric Hemmer, 29.8.2016 CERN School of Computing 2016 15
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CERN Archive current numbers

16

Data:

• ~160 PB physics

data (CASTOR)

• ~7 PB backup (TSM)

Tape libraries:

• IBM TS3500 (3+2)

• Oracle SL8500 (4)

Tape drives:

• ~100 archive 

Capacity:

• ~70 000 slots

• ~25 000 tapes

Data to CASTOR tape, 2002-2016

Frédéric Hemmer, 29.8.2016 CERN School of Computing 2016
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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

• 3x (255PB!) pumped through 

the infrastructure 

(read->write->read)

• Liberate library slots for new cartridges

• Decommission ~35 000 obsolete tape cartridges

• Constraints:
• Be transparent for user/experiment activities

• Preserve temporal collocation

• Finish before LHC run 2 start
Frédéric Hemmer, 29.8.2016 CERN School of Computing 2016 17
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…

Part 1:

Oracle 5->8TB

then empty 1TB Completed !

Part 2:

IBM 4->7TB

then 1TB

LHC Run1

Repack

LHC Run1

Repack

Large media migration: Repack

Frédéric Hemmer, 29.8.2016 CERN School of Computing 2016 18

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


D
o

c
u

m
e

n
t C

la
s
s
ific

a
tio

n
: P

u
b

lic

Tape contamination incident

20

~
1
3

m
m

~25mm (~120MB over 144 data tracks)

holes and scratches

Frédéric Hemmer, 29.8.2016 CERN School of Computing 2016

Over 30m3/min of airflows per library

• (Home vacuum cleaner: ~2m3/min)

Operating environment required for new-

generation drives: ISO-14644 Class 8 

(particles / m3):

RPi Arduino

sensor
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Future…
• Run-2 (2015-2018): Expecting ~50-80PB/year 

of new data (LHC + non-LHC)

• +7K tapes / year (~35’000 free library slots)

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

600PB/year..

• ... tape technology grows faster 
• tape roadmaps at 30% CAGR for at least 10 years

• demo for 220TB tape by IBM/Fujifilm in April 2015

• … but: market evolution 

is difficult to predict
• Tape media: monopolyin shrinking market

• Disk: “duopoly”

• Cloud storage solutions

• Disk capacity slowdown .. may slowdown tape products!

• storage slowdown == higher archiving costs 

21
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… and the past
• LEP-era data: ~370TB

• 2000:
• ~ 15’000 tapes

• 2007:
• ~ 1500 tapes

• 2015:
• 30 tapes… x 2 (replicated in separate buildings)

• Cost: 

22Frédéric Hemmer, 29.8.2016 CERN School of Computing 2016
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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?

Frédéric Hemmer, 29.8.2016 CERN School of Computing 2016 23
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Software Licensing
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Increasing costs of software products at CERN

Frédéric Hemmer, 29.8.2016 CERN School of Computing 2016 25

kCHF / year 2008 2009 2010 2011 2012 2013 2014 2015

Incompressible 

expenses for software 

licences & maintenance

2826 2716 3171 4127 4310 4526 4911 5143
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Summary

Storage, Compute
• New computing models

• More efficient software

• Opportunistic Computing

• (Commercial) Clouds

Frédéric Hemmer, 29.8.2016 CERN School of Computing 2016 26

Data Preservation

• Difficult even at the bit level

• Has usually not been 

budgeted

Software licensing

• Risk Management

• Exit strategies may be 

needed
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