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Outline

Tape hardware for Run 3 at CERN

Tape configuration and LTO‑9 experiences
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Run 3 performance goals

Tape will hold the collected LHC Run 3 data.
Goal:

• 40GB/s bandwidth
• 10GB/s per LHC experiment

• 150PB experiment data + 30PB other data stored per year
• Over 4 years⇒ ~720PB of data
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Events since last time

New and notable since March 2021:
• CASTOR discontinued
• Data migration completed 1

• Non‑physics data migrated
• user data (to CERNBox)

• CASTOR tape hardware is used with CTA now

1Michael Davis, HEPiX October 2021
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Libraries

Diff since last:
• Deployed one new
SpectraLogic library

• One IBM library
decommissioned

IBM
• 3x TS4500

Spectra Logic
• 2x TFinity
• New library placed in separate building

• Backup use case & 2nd location for dual‑copy
files

• Library outage safeguard
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Media
Diff since last:

• Purchased 2000 LTO‑9 tapes

• Ordered:
• 2500 x 3592JE + 2800 x LTO‑9 =100PB

Currently present tape cartridges

Model Count Capacity Run 3
3592JE 2961 20TB yes
LTO‑9 2000 18TB yes
LTO‑8 2344 12TB no
3592JD 14971 15TB no
LTO7M 6660 9TB no
3592JC 4977 7TB no

=> ~52PB free capacity on newmedia

*Capacities given for uncompressed data
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Drives

Diff since last:
• 135 drives operational for
data taking

• 25 more LTO‑9 drives
installed by June

Deployed physics data drives
Drive / Library IBMLIB1 IBMLIB3 IBMLIB4 SPECTRALIB1 SPECTRALIB2
LTO‑9 38 30 5
TS1160 38 38
LTO8 10
TS1155 10
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Tape servers

Diff since last:
• Purchased 100 new
servers
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Tape servers ‑ Specs
Old tape servers

Model Intel(R) Xeon(R) E5‑2620 v2 2.10GHz, or
Intel(R) Xeon(R) E5‑2630 v3 2.40GHz, or
Intel(R) Xeon(R) E5‑2630 v4 2.20GHz, or

Threads 2x 6, or 2x 16, or 2x 20
RAM 16GB, or 64GB, or 128GB
Disk 4x 1TB for OS and EOSCTA buffer
OS CentOS 7
Network 2x 10Gbps
Fibre Channel HBA 2x 16Gbps or 2x 8Gbps
Count 126

New tape servers
Model AMD EPYC 7302 E5‑2620 v2 2.10GHz
Threads 2x 2x 16 (SMT)
RAM 256GB
OS CentOS 7
Disk 1x 800GB NVMe SSD for OS

2x 1.9TB NVMe SSD EOSCTA buffer
Network 2x 25 Gbps
Fibre Channel HBA 2x 16Gbps
Count 98

New switches
Model Juniper QFX5120‑48Y with 25G‑SR optics
Server ports 48x 25Gbps server ports
Uplink ports 8x 100Gbps
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Tape configuration and LTO‑9 experiences
Media utilisation configuration

LTO‑9 RAO

LTO‑9 Initialisation

Observed read/write speeds
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Media utilisation configuration
Logical vs. physical capacity

• Our setup uses LTO‑9 cartriged to physical capacity, not just
logical capacity

• Average capacity increase of 550GB ~= 3%
• +1 cartridge per 33 LTO‑9 cartridges in use
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LTO‑9 experiences

Linear TapeOpen
• LTO‑9 hands‑on experience gathering started December
2020

• Initial batch put into production September 2021
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LTO‑9 Open RAO

2
Keep in mind that a tape can be ~960m long

2Paul Vriet, Ordre d’accès recommandé pour cassette à bande magnétique LTO, 2020
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LTO‑9 Open RAO
• Recommended AccessOrder

• Based on estimating the block position within the wrap
• Reordering of file reads to account for fast move of drive head between
wraps vs. more expensive back and forth winding of the media

• Also lowers tape wear and tear
• Works best when there is little variability in block size or data
compression ratio 3

• Native RAO support on LTO‑9 FH

3IBM LTO Ultrium SCSI Reference GA32‑0928‑04 18. August 2021, p. 35
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LTO‑9 read speeds ‑ Comparison

4
4Vladimír Bahyl, HEPiX March 2021
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LTO‑9 Media initialisation

• Cartridge initialisation performed on first load.
• Creates a reference calibration, dependent on local
conditions

• LTO‑9 cartridges took about 50‑60 minutes each + outliers
• ⇒ 2800 * 60m ~= 16.5 drive weeks
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LTO‑9 Write and read speeds ‑ Benchmark

Read Write
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LTO‑9 Retrieve speeds ‑ Drive Session

Drive transfer speed timeline:
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LTO‑9 Retrieve speeds ‑ Drive Session
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LTO‑9 Retrieve speeds ‑ Production
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Summary and Q&A

• CERN tape hardware ready for Run 3
• Testing indicates adaquate performance

• Up to 400 MB/s write speed for LTO‑9 tapes + drives
• Using the RAO implementation by IBM

• LTO‑9 drives performwell and will be in use for data taking
• No negative surprises
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home.cern

http://home.cern


Bonus slides
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LTO‑9 test setup
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RAO test setup
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Tape physical capacity configuration
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Block transfer rate comparison
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LTO‑9 benchmarking read
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LTO‑9 benchmarking write
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