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Tape hardware for Run 3 at CERN

Tape configuration and LTO-9 experiences




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 !
- Non-physics data migrated
- user data (to CERNBox)
- CASTOR tape hardware is used with CTA now

!Michael Davis, HEPiX October 2021
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Libraries

IBM
- 3x TS4500

Diff since last:

* Deployed one new Spectra LOgiC
Spectralogic library

. - 2X TFinity
* OneIBM library . . -
decommissioned - New library placed in separate building
- Backup use case & 2" location for dual-copy
files

- Library outage safeguard
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Media

Diff since last: Currently present tape cartridges
* Purchased 2000 LTO-9 tapes Model Count Capacity Run3
- Ordered: 3592JE 2961 20TB yes
LTO-9 2000 18TB yes
© 2500 x 3592JE + 2800 x LTO-9 =100PB TO-8 5344 1278 o
Media pes (ape coun) 3592JD 14971 15TB no

=>~52PB free capacity on new media

- mm LTO7M 6660 O9TB no
\ o 3592JC 4977 T7TB no
*Capacities given for uncompressed data



Drives

Diff since last: Deployed physics data drives

Drive / Library IBMLIB1 IBMLIB3 IBMLIB4 SPECTRALIB1 SPECTRALIB2

* 135 drives operational for 05 38 0 5
H TS1160 38 38
data taking s -
TS1155 10

* 25 more LTO-9 drives
installed by June



Tape servers

Network Switch

[ o o
11
Tape Server :
Diff since last: e )-c---- '
16

* Purchased 100 new
servers

1
Fibre

1

=7

Tape Drive




Tape servers - Specs

Old tape servers New tape servers
Model Intel(R) Xeon(R) E5-2620 v2 2.10GHz, or Model AMD EPYC 7302 E5-2620 v2 2.10GHz
Intel(R) Xeon(R) E5-2630 v3 2.40GHz, or Threads 2x2x 16 (SMT)
Intel(R) Xeon(R) E5-2630 v4 2.20GHz, or RAM 256GB
Threads 2x 6, 0r 2x 16, or 2x 20 0s Cent0S 7
RAM 16GB, or 64GB, or 128GB Disk 1x 800GB NVMe SSD for 0S
Disk 4x 1TB for OS and EOSCTA buffer 2x 1.9TB NVMe SSD EOSCTA buffer
0s CentOS7 Network 2x 25 Gbps
Network 2x 10Gbps Fibre Channel HBA 2x 16Gbps
Fibre Channel HBA 2x 16Gbps or 2x 8Gbps Count 98
Count 126

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

BOT PEOT

LEOT




18700.0000 1 Expected capacity variations between tapes and runs when
writing to physical end of tape (see nominal vs. designed)
18600.0000
18500.0000
= 18400.0000
8
E
H
&
$ 18300.0000
18200.0000
18100.0000
= = a
18000.0000 - .
1 2 3
Count

~@~LEOT L90000@11L90613 =¢=PEOT L90000@I1L90613 ~#—LEOT L90001@11L90614 ~&—PEQT L90001@I1190614
Details: dd if=/dev/zero of=/dev/tape bs=262144

Vladimir Bahyl : LTO-9 testing




LTO-9 experiences

Linear Tape Open

- LTO-9 hands-on experience gathering started December
2020

- Initial batch putinto production September 2021
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LTO-9 Open RAO
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s ] [ ]—
Linear RAO

2

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

2Paul Vriet, Ordre d’accés recommandé pour cassette & bande magnétique LTO, 2020




LTO-9 Open RAO

- Recommended Access Order
- 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

L80062L8 @ IL90614
7533 large (~2 GB/file) incompressible ATLAS experiment files, 12.1 T8 of data in total

8.9
M Linear

71 B TAOS
B CERN LTO-8 RAO
53 Hl LTO-9 RAO
Read time
250 500

Number of files

Time (hours)

1.

o]

0 ..-- I...

50 100 1000 1500 2000

4

“Vladimir Bahyl, HEPiX March 2021




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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Time (seconds)

5500

5000

4500

4000

3500

3000

2500
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1500

Time to initialize new LTO9 cartridge (per cartridge)

——1BM LTO9 (11190941)

Individual tape cartridges, ordered by i

——1BM LTOS (11191243)

SPECTRALTO9 (5190512)

ime to initialize (left: slowest, right: fastest)

———SPECTRA LTO9 (51L90513)
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LTO-9 Write and read speeds - Benchmark

Read Write

450 MBis.

450 MBls

350 MB/s Encryption and RAO tested during sustained 350 MB/s v .

READ session reaching 400 MB/s) ‘Sustained WRITE session reached over 360 MBIs.
(includes network overhead)

250 MB/s 250 MEs and took ~13.5 hours to fil the cartridge

150 MBI 150 MBJs

50 Mais 50 MBls

09:00 12:00 15:00 18:00 21:00 21:00 00:00 03:00 06:00 09:00
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LTO-9 Retrieve speeds - Drive Session

Drive transfer speed timeline:

11L90614 - -

11:30 1200 1230 1300 1330 1400




LTO-9 Retrieve speeds - Drive Session
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LTO-9 Retrieve speeds - Production

Retrieve speed per logicalLibrary for ALICE + AMS + ATLAS + CAST + CMS + COMPASS + DUNE + FASER + ILC + T + LHCb + NA61 + NA62 + PRESERVATION + PUBLIC + nTOF + SPACAL + TOTEM + VERIFICATION
3soms/s

300MB/s

250MB/s

LTO-9

200MErs
LTO-9 LTO-8

04130800 047131200 04131600 04132000 04130000 0410400 04120800 04131200 04131600 04122000 04150000 04150400 04/1508:00
—  dive retrieve speed IBM1LS. drive retreve speed 1BM360
= dive retrieve speed SPC2L9

drive retreve speed IBM455 -
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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 perform well and will be in use for data taking
- No negative surprises
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http://home.cern
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LTO-9 test setup

» Production TS4500 library in building 513 used (IBMLIB1)

« 2x Tape Servers
— 6 Core Intel(R) Xeon(R) CPU E5-2620 v2 @ 2.10GHz and 64 GB RAM
— CentOS Linux 7.9 using Kernel 3.10.0-1160.6.1.el7.x86_64
— HBA: QLogic Corp.
ISP2532-based 8Gb
Fibre Channel to PCI
Express

— Driver: gla2xxx version
10.01.00.22.07.9-k

-mEn
- -

* 10 x new LTO-9 media

Vladimir Bahyl : LTO-9 testing
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RAO test setup

* Using LTO-8 tapes
— Because this is where we have real user data
— Also allowed to include TAOS
* Two types of data:
1. Larger incompressible files
2. Many small highly compressible files
+ GRAO/RRAO queries and subsequent recalls always start from BOT
- mt eject ; mt load ; mt rewind
» Increasing the number of selected random files from each tape:
— 50, 100, 250, 500, 1000, 1500, 2000 (TAOS resuits are only up to 500 files due to problems with my setup)
— Using same list of files with each solution
« Position to the 15t block of each file according to the given order:
— Sequential ascending, TAOS, CERN, LTO-9 RAO
» Read the file until EOF mark
» Measure total seek and read time (in seconds)

Vladimir Bahyl : LTO-9 testing 28
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Tape physical capacity configuration

[root@tpsrv]# sdparm --page=3@h,42h --hex /dev/tape
[0x30,0x42] mode page:
Current:
e 8 42 00 01 01 +-.
Changeable:
e @ 42 80 01 ff
Default:
(51%5] 0 42 00 01 00 —
Saved:
(515] @ 42 68 81 e
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Block transfer rate comparison

450

400

R 8 ]
g 8 g

Transfer rate (M8/s)

3
8

100

LTO-9: writing at
399 MB/s
measured
LTO-8: writing at
354 MB/s
measured
With 256 KB block size
(used at CERN),

it is (still) possible to reach
the native transfer speeds

At least 12.5 hours to fill LTO-9 cartridge

16 32 64 128 256 512 1024 2048 4096
Block size (KB)

3

Details: dd if=/dev/zero of=/dev/tape bs=(8,16,32,64,128,256,512,1024,2048,4096)k

Vladimir Bahyl : LTO-9 testing 23




LTO-9 benchmarking read

€ Metrios /Host Merics & <

Encryption and RAO tested during sustained
READ session reaching 400 MB/s)

Info" TID:
clientPor
IBM1L9" TPVID="L90@8" encryption="

7624" MSG="Drive encryption enabled for this mount"
'62801" mountTransactionIc
on” encryptionkey="validation_v1"

apeRead” clientHost="c2repack-1.cern.ch
'44045044" driveUnit="I1L90614" dgi
ncryption key found.”

Jan 8 €8:56:44 tpsrv328 tapeserverd[27618]: LVL="Info" TID="27631" MSG="Query getLimitUDS for RAO completed"
thread="RecallTaskInjector" clientHost="c2repack-1.cern.ch” clientPort="62801" mountTransactionId="44045044" volReqld="44045044"
driveUnit="11L96614" dgn="IBM1L9" TPVID="L96000" maxSupportedUDs="2730"

Vladimir Bahyl : LTO-9 testing 34
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LTO-9 benchmarking write

€ Metrics / Host Metrics %

Network usage
e
‘ B Sustained WRITE session reached over 360 MB/s
n e (includes network overhead)
and took ~13.5 hours to fill the cartridge

o

Tape session finished” volReqId="44624225" dgn="IBM1L9"

Dec 20 10:06:39 tpsrv328 tapeserverd[1613]: LVL="Info" TID="1613" MS

driveUnit="T1L90614" clientHost="c2repack-1.cern.ch" clientPort="62801" clientEuid="14029" clientEgid="1474'

i RITE" density="18TC" mountTime="18.109613" positionTime="6.936545"
0.637423"

29.360400" waitReportingTime

APE_GATEWAY" TPVII
waitInstructionsTime="18.94706! .000000" waitDataTime=
ingTi 091.420625" readriteTime="39727.646211" flushTime="467.34547"

drainingTime="0.000060" dataVolu

deliveryTime="49519.145896"
"362.676256"

pay
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