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CERN Storage 1990s

SHIFT: Scalable Heterogeneous

A=A
SR

Integrated Computing Facility

Overview of the SHIFT Architecture

The designers of shift were motivated by the appearance on the market of
inexpensive processors and storage systems, using technology developed for
personal workstations, and which had performance characteristics comparable with
those of traditional mainframes.

The goal was to define an architecture which could be used for general purpose
High Energy Physics (hep} computing, could be implemented to provide systems
with an excellent price/performance ratio when compared with mainframe
solutions, and could be scaled up to provide very larguﬂ integrated facilities, or
down to provide a system suitable for a small physics department.
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Some important characteristics of off1ine hep processing relevant to the the
design choices are:

the volume of data which must be held on online storage (up to the order of
102 bytes);

the need for access to magnetic tapes, used to store fuller information about
“events” (a few ternbytes);

difficulty in finding vectorisable algorithms for a significant fraction of the
processing requirements (hard to exploit supercomputers);

inherent parallelism in much of the processing (events are largely
independent );

lcompared with the capacity of current hep Computer Centres.
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SHIFT Iin 1998
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CERN Storage 2000s

CASTOR:CERN Advanced STORage manager
1998-2007 CASTOR 1
2005-2022 CASTOR 2

Hierarchical Storage Manager (HSM)

* Mix of production use-cases and end-users’ asi§
* Transfers Scheduling (model as Job-Scheduling)

' CASTORE

STOR
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CERN Online Storage 20103 HL,/[“H_

EOS Open Source Y SR, oA \
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From “Hierarchical” to “Tier” Model AR
* Dedicated “storage pools” with deflned QoS h(Arlllalys'lsg,Archlve Tape)

\
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 Experiments’ Data Management framewor»k-s:m nage the tran3|t|ons

» Low-Latency namespace j ‘°‘ o =
» POSIX-like flle access 2 -,_ e

d EC)
& ‘, . Exabyte Scale Storage at CERN

Andreas J. Peters
CERN IT-D5SS, Geneva, Switzerland

all: andreas. joachim.peters@cern.ch

Lukasz Janyst
L% CERN IT-DSS, Geneva, Switzerland

ail: lukasz. janyst@cern.ch

Abstract. The future of data management for LHC at C
scalability and a change of scheduling and data handling co
) A\ system in use today. A forecast for disk based storage wol
o A \ E:-u:a.l:a}rt.f_t seale with hundreds of millions of files.
. . '




Data Analysis

. >100k relatively slow streams reading data (almost) seq“_ ‘

- 1 100 MB/s - sometimes forward-seeking
“similar to 100k people watching an md:wduai fllm on

Data Acquisition / Data Taking 4}
* hundreds of streams possibly as fast as p '
* 50-250 MB/s with File Replication

St il

* 400 MB/s-1 GB/s with Erasure COd,lﬂg-
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FOS Service (2023)

Total amount of files read Total amount of bytes read

LY %
g& 3
L P

Total amount of files writ... Total amount of bytes wri...

2023 |

anyer 21.0Bi11 5.34EB 4.5181 6790ps
Ty JE%e

Total data read per protocol and instance: All

13

Total data write per protocol and instance: All

LE N

XROOTD Value: 632 PB Percent: 93%
HTTP Value: 31.0 PB Percent: 5%
FUSE Value: 15.0 PB Percent: 2%
GRIDFTP Value: 1.57 PB Percent: 0%

== XROOTD Value: 3.60 EB Percent: 6/
= FUSE Value: 1.47 EB Percent: 28%
= HTTP Value: 264 PB Percent: 5%
== GRIDFTP Value: 548 TB Percent: 0%

19 E:g-m-l
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The Storage “Building Block/ / | / _ / :

QUAD + SAS Arrays



; }
The Storage “Building Block” ’ \ \
Over ghe ye'i;s we cpmmissioned and operat_le muitiple sol,utions:\*\
98 e Server + 2x 24-Bay SAS Arrays U S 2\\‘ —,
* Server + 4x 24-bay SAS Arrays

i * Server + 8x 24-bay SAS Arrays
2 5 * Server + 60-bay SAS Array

N o | saServer + 2x 60-bay SAS Array -
R e Storage Server in 2014: 200 TB

¢ Storage Server in 2023: 1700 TB
Storage Server in 2024:. 2300 TB

Networking Evolution in the last 10Y
1Gb = 10Gb = 25 Gb = 40Gb = 100Gb




~ = CERNIT - Operated Disk Storage Capacity

. 1200PB " —— — ‘ —
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CERN Archival 'éig

EOS + CERN Tape

Successor and full replacement of.
Implemented as tape backend to EQS

o o ,).)-
Small and fast buffer based on fast SSE
T oo r
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CERN Tape Archive (CTA) — Tape Library



Physics Storage and Data Management Services

Storage

< B
“: OS
eos.cern.ch

~

\Software to manage Disk Storage - 930 PBJ

4 i
CERN
C

cta.cern.ch

kSoftware to manage Tape Storage - 730 PBJ

DIoK

HANS

i R

Data Management

\; l File Transfer Service

¥ fts.cern.ch

wjdleware to run File Transfers - 1 Billion / yT

(¢ A
HRUCIO

SCIENTIFIC DATA MANAGEMENT

ruclo.cern.ch

Data Management /
\ Data Distribution over 162 sites j







EB Run 3 (u=55) Run 4 (1=88-140) Run 5 (u=165-200)
J_-I | | | | | | | I | | | I | | | I | | | I | | | I | | | I___
3'5: TLAS Prellmlnary .-
- 2022 Computing Model - Disk 1
3 o
 Conservative R&D ’ E
2.5— v Aggressive R&D =
— Sustained budget model . ]
5 (+10% +20% capacity/year) # =
’.pv :

1.5

0.5

2020 2022 2024 2026 2028 2030 2032 2034 2036

Total Disk[PB]

2023 2024 2025 2026 2027 2028 2029

—————

) [FMAM) ) ASIONDL FMAM) ) AISIONDL FMAM) ) ASIONDL [FIMAM) [ ASIONDD [FIMAM) D ASTOINDL [FMAM ) T ASIONDD [FIMAMD ) AISIOND

Ifun 3 - Long Shutdown 3 (LS3) |
I I I | I I I [ 1 | | [
— . /
CMS Public /
- Total Disk /
— 2022 Estimates /
—— No R&D improvements ,/ '__..-“".
 —®- Weighted probable scenario V4 _-o
== = ](0 to 20% annual resource increase y 4 ’,.."'
-~
.--"".’
ﬂ'r#
#d'
-
-
-
-
-
- -
-
Run 5
| | | I I | | I | I I I | I I |

|
2021 2023 2025 2027 2029 2031 2033 2035 2037




Future... Hard Disk Drives =~  _

250 MB/s

200 MB/s

150 MB/s

100 MB/s

50 MB/s

0 MB/s

Conventional
Magnetic
Recording (CMR)

18TB CMR (XFS)
— 20TB SMR (BTRFS)
26TB SMR (BTRFS)

T .‘,/&
Nt .

s

"

Shingled Magnetic
Recording (SMR)

Heated Assisted
Magnetic Recording

Future Disk f\éc‘molugl‘e increase the bit areal density._
Thereare peﬁf@gnachi nplications®.
* Random W?I access patterns = -

* Fill andréﬁ&(algygj,ei of devices (generating “holes”



More and more use-cases (e.g. Al, ML, etc..)
have different 10 patterns compared to physms
analysis.

We expect to see Iin the future more random /’\. —
access (both read and write) to our storage.. ,
SSD will be fundamental to address these new -
requirements. v"‘"‘;

Our storage can “transparently” integrate these. .
technologies. \

In the future we plan to leverage from built-in 5
trade-offs between performance, reliability,
endurance, price and capacity



) y

t~‘ '

MAM 3| 3[AlSON/D] 3 [FM E IIIIIIIIIIIIIII

‘ X
)\
— o 'ﬂ&
-. ”AS D|J|F D{ J|FMIAM|J|1]|A D
iIIIIII
~daie~ 7. e,



Magnetic Tape

DNA Storage

e _
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CERN openlab
activities and R&D dlrectlon
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PHASE VI Ui
ACCELERATING STORAGE FOR SCIENCE -+ 1

+ Pioneering sustainable infrastructJ? T
Irs

i 4 -(" L;“\ "w& | <
. Evaluating emerging storage solutﬁg
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