










1989: Tape Storage Vault – broken handbot



Tape usage at CERN – past 10 years

Data taking period Upgrading period



• Backup of the business data
• Licensed capacity: ~15 PB

• Libraries:
• 1 x IBM TS4500 (partitioned)
• 1 x Spectra Logic TFinity (partitioned)

• Drives:
• 10 x IBM TS1155
• 10 x LTO8

• Media:
• 9.7 PB on 3592JC
• 9 PB on LTO7M

• Archive of the physics data
• Provisioned capacity: ~520 PB

• Libraries:
• 3 x IBM TS4500
• 2 x Spectra Logic TFinity

• Drives:
• 76 x IBM1160, 10 x IBM TS1155
• 98 x LTO9, 10 x LTO8

• Media:
• 84 PB on 3592JE, 227 PB on 3592JD, 34 PB on 3592JC
• 83 PB on LTO9, 29 PB on LTO8, 62 PB on LTO7M

Tape Infrastructure (June 2022)



Tape Infrastructure (June 2022)



Selected as β test site



Serpentine layout



Recommended Access Order

LINEAR RAO



LTO-9 RAO comparison test results

• LTO-9 RAO vs. LINEAR order
• 70 – 30 % less time needed for positioning between files
• Best gain (in this particular use case) when recalling ~250 files



IBM quote: Backups are important, but Restores are essential.

• RAO available since
at least 2017

• Benefits demonstrated
by CERN (CASTOR),
BNL (HPSS) and others

• What about the backup
software providers?

Hardware features vs. Software updates

?
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Individual tape cartridges, ordered by time to initialize (left: slowest, right: fastest)

Time to initialize new LTO9 cartridge (per cartridge)

IBM LTO9 (I1L90941) IBM LTO9 (I1L91243) SPECTRA LTO9 (S1L90512) SPECTRA LTO9 (S1L90513)

LTO-9 media initialization / calibration

• Usually takes around 50 minutes
• Exceptions taking longer within 5-10% 



Media initialization vs. Other industries

LTO9 media initialization has a cost
• Higher purchase price
• Device not immediately available when delivered

Engineering effort should be found to eliminate it

Mobile phone
batteries needed
to be calibrated

Cars needed a 
mechanical run-in



Store data for online analysis on tape



Archive Growth Projections

2022 – 2025
• Up to 180 PB/year

• Up to 40 GB/s



• Tape is the best currently-available technology for archival storage, 
in terms of reliability, stability over long periods of time and cost

• CERN is investing in tape as its primary archival storage medium 
for LHC Run–3 (2022–26) and HiLumi LHC (2029–32)

• Storage needs are growing but budgets are flat
• The CERN physics archive is ~520 PB but will soon grow to 1 EB
• Data retrievals already exceed 1 EB/year
• The storage demands of HL-LHC will mean more data on tape and new 

tape workflows

Summary




