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Storage Services
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Vision for CERN Storage

Build a flexible and uniform
infrastructure

Maintain and enhance (grid) data
management tools

CEfW
\\._/



Vision for CERN Storage

Unlimited storage for LHC experiments
at exabyte scale

EOS Disk pools (on-demand reliability, on-demand performance)
currently 165 PB deployed

CERN Tape Archive (high reliability, low cost, data preservation)
currently 190 PB stored

A generic home directory service

To cover all requirements of personal storage
Shared among all clients and services

Fuse mounts, NFS and SMB exports
Desktop Sync and Web/HTTP/DAV Access



Storage Services Evolution
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@‘ Open Source Storage
X g

Simple and scalable solution, easy to operate
Cheap, uses Network RAID (RAIN)

based on jbods, no raids

Project started in 2010

Licence free

replication or erasure encoding
In-memory namespace (low latency)
Secure access (krb5, gsi)
Quotas (user/group)
Tuneable QoS
Dev&Ops in CERN/IT-ST

10



Architecture

File

Who owns it?
When was it created?

Meta Data
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E O S I te I e a S e S named after gemstones... we have plenty of them ;)

Beryl Aquamarine
V 0.3.X

Citrine
V 4.X

XRootD V3 Server
IPV4

namespace in-memory
data on attached disks

XRootD V4 Server
IPV6

plugins for meta
data & data persistency

|




HOW iS it Used? CERN'’s mainstream usecase

tape archive CASTOR g

ERN Adv: I STORao
local batch cluster

LHC Detector O(10A5) cores
5-10 GB/s

peak 100 GB/s

@moesxs openstack

Data Export to Worldwide Computing Grid




EOS Service @ CERN
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s BOS EOS EQS EOS &
CMS Public CERNBox
~ EOS EOS e 00

COMPASS
NAG1/NAG2

Others

One instance per LHC Experiment
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EOS Service @ CERN

Used Space Free Space
118.4 PB 38.6 PB

Files in the Namespace Directories in the Namesapce
1.373 Bil 106.8 Mil

* Disk Storage for all LHC and physics data
« and for CERNBox

* Deployment across two computer centres
« CERN and Wigner RCP
* Third link recently added , -
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EOS Service @ CERN
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Used Space Free Space
118.4 PB 38.6 PB
Files in the Namespace Directories in the Namesapce
1.373 Bil 106.8 Mil

Aggregated Network I/0 Rates

125 GBps

100 GBps
75 GBps

50 GBps

25 GBps '

0 Bps
4/16 an7 4/18 4/19 4/20 4/21 4/22
== outratemib Max: 102.8 GBps Avg: 40.9 GBps == inratemib Max: 23.3 GBps Avg: 9.5 GBps
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Wigner Computer Centre

2 independent 100Gb/s links

Czech Republic

Germany

e f’ | ~U e B

’ Wigner RCP

Switzerland
B o —
~ ]

0Gb/s links

WV

Czech Republic
tres of data.

icmp_seq=1
icmp_seq=2
icmp_seq=3
icmp_seq=4

Germany

T

icmp_seq=5
icmp_seq=6
icmp_sea=7




EOS 2015-2017 Deployment
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EOS Storage Deployment

I Largest Instance (ATLAS) ~ EOS Sum

300.0 PB
250.0 PB
200.0 PB
150.0 PB
100.0 PB
50.0 PB
0.0 PB

Raw Capacity

y

y

-
o

2010 2011 2012 2013 2014 2015 2016 2017
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Hardware Evolution

Uniform storage for all our main services

Profiting from economy of scale
minimise price per GB

System Unit:
8 physical cores (16 virtual) 64/128GB of RAM
2x disk-tray of 24x 6TB HDDs (~290 TB brick)

Y

Prepared to receive additional 100PB on EOS (this week...)
Planned test for the next generation
4 trays per system unit + cascading (~600 TB brick)
C\E/RW ‘ - 8 trays per system unit + cascading (~1.2 PB brick) 20
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Global EOS: World-Wide Deploymen

Pacific

rwxrwsr— 1 rodt”
rwxr=xr-x 1 root™ ) 1 - 5 ]
rwxrwsr— 1 daemd: ; : ep 28, 11 duale G a " W om P ! ; ran
rwxrwsr—+ 1 daemor;gcn;gr Iy n' 25 : . ot 2 . AL g ; 0 et
FWXIWS r—+ 1 root ;

rwxr-xr—+ 1 daemon root " 1., S| 3 : fcpedishu \ g 3 ot
rwxr=xr-=x 1 root root 3 +43 prac A '
[root@p@5151113837349 ~]# eos ls -1 /eos/e
rwxrwsr— 1 daemon root
rwxrwsr—+ 1 daemon  root ]
[root@p@5151113837349 ~]# eos ls -1 /eos/asia .
rwxrwsr— 1 daemon raot

root@p@5151113837349 ~]#
oTean

R&D in collaboration W|th AARNet and ASGC
Take advantage of wide-area distributed installations
Profit from experience of running EOS across 2 Data Centres

|
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Data replication in storage pools

fyéos B e
/asia {2 B
/taiwan o/ b oif
/australia <

/melbourne
/europe e A
/geneva %
/budapest
/dualcopy
/gva-bud
/mel-gva
/mel-bud
/triplecopy
/mel-gva-bud
/mel-gva-tpe

Storage pools were created with filesystems from all four sites.
Files were replicated according to the different configured policy
i) | (e 3 replicas: MEL-GVA-TPE).
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Network Topology

Ocean

Indian

The network data paths are not
dedicated, they change over =
time and are not symmetric

- Streaming performance good

- possible problems in case of packet drops (tcp window)
- tcp settings could be optimised

CE/RW - Latency in read hidden by the read-only NS
N2 - Latency in write to contact the read-write NS
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R&D - EOS World Wide Deployment - Future
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Bring data closer to our users: CERNBoXx

@ CERNBox

Select a remote destination folder

v % CERNBox
Create Folder

» [ alice
» [ atlas
» [ cms

» [ 7 engineering

Refresh

» [ 7] experiment
» [ Ihcb

» [ project

» [ public

» [ scratch

» [ user
» [ home

|eos

Cancel Go Back m

T —
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@ CERNBoOX

CERNBox provides a cloud synchronisation service

Available for all CERN users (1TB/user)

Synchronise files (data at CERN) and offline data access

Easy way to share with other users
All major platforms supported

Based on ownCloud integrated with EOS

Physical Storage

010110
110011
101000
0001 4

<Ud,

ownClou

d
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Current Use Case

Physicists

Engineers ~10K users

> 200 institutes worldwide
~1K on-site frequent travel, sharing

often on the campus and collaborations

Services &
Administration

~1K on-site
possibly confidential
data!




CERNBox Service Numbers

Users 4074 8411 9741 E
# files 55 Mill 176 Mil 233 Mil

# dirs 7.2 Mil 19 Mil 21 Mil @

Engineers Physicists

Services &
Used Administration
R 208 TB 806 TB 1110 TB —
aw
Deployed
fsehtll 1.3PB 32PB 3.3PB
aw
Number of files and directories CERNBoXx users O Last 1 year
250 Mil €00
200 Mil 500
400
150 Mil
300
100 Mil N
50 Mil 100
0 0
2016-1 2016-7 2017-1
== NumFiles == NumDirs From Sep-2015 to Apr-2017 == Registered users == Weekly increase

/ \ |



Avalilable Access Methods

@ cernbox.cern.ch/index.php/apps

All files +* CERN New | 1
Shared with you Name & Size Modified
Shared with others
@ CePHTraining 6 days ago
Shared by link
| CERN Templates 17 days ago
=y
Deleted files
CHEP2015 17 days ago
= ys ag
(@ eos A hs ago
=

£05-0.3.49-beryl 47MB

-Web Access -

B

oM ago

Shared

] cernbox.cern.ch a |

©) WebDAV

Ho

"I 0°H

castor_statistics.png

CERN

debug

download

0s_all_geot

os-passwd.sh

SAMBA

FUSE

% Account

4 Activity
O General

’; Network

Account to Synchronize
£, Connected to https://cernbox.cern.ch/cernbox/desktop as den

cernbox E
Remote path: home C
C:\Users\denise\cernbox\ C
o
Storage Usage Account Maintenance

Edit Ignore
Modify Ac

Currently there is no storage usage
information available.

Sync Client

(xroot, http, s3, ...)

34



@ CERNBox Architecture
gy B

clients
(7 : : A
@ e ownClou
- > " -
— - web frontend
— R 0c_shares
native clients  fuse clients samba gateway

s Vv ¢

' : — '
*m* , )
s Nnamespace
ouuleoud _ e —— —

nginx https Ib
sync and mobile webdav
clients

data data data

cgf@l
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CERNBox as main entry-point

) cernbox WOPI +

Name

CERNBox

CERN visit

CERN-2016-EN

Machine Retirement

Size

0 kB

98 kB

204 kB

16 kB

Modified

3 minutes ago

a year ago

a year ago

6 months ago

. ) T —
Storage-Discussion e
ET |
e rm——

28 douricss roraesarassoeascisiessrams

Emwor
oot
= Bruue

B Suesmerinto

LHC Pagel

Plotting the data
Wie can now buld a plo ofthe nfensiy and beams eneray starfng fom the data we retreved. The maiplorl lerary can bi
avascrpt based dua viualisalions
In (6]: | plt. figure figsize=(12,6))
tt,w=datalib1

1
PLLPLOL(LE, W, ' b°, Label="Beanl ')
tt, wedatalib2]

,w,"-g" label="Energy")
pLt.ylabel(‘Enéray {Gev]')

plt. title(tine ascts
pytinber. set xaxis oate

localtine(now)})

pslels i Jun 24 151028 2016 o0
20 w000
5000
15 ~
. ‘ 40003
z | 8
5 19
g i -y
£ ‘ 3000 §
o | \ :
\ [l "
00| | t 1000
| S | S
B T T LT T ) T )
130540000 18:4000000  00:1320000  05.46:40000  1120:00000  16:53:20.000

0.3
0.2

01

CERN
\ D.OD

100000 200000 300000 400000 500000 600000 700000

“This s the px distrioution

Py Vs px

o
4 o <

05

0.4

03

Tune

0.2

01

0.0 = - - e
0 100000 200000 300000 400000 500000 600000 700000

A

0 100000 200000 300000 400000 500000 600000 700008
Beam 2 V

Turns

FILE HOME

o

0

Paste

Undo  Clipboard

INSERT  DESIGN
=8
New '
Slide 41

Delete  Sides

SLIDE 1 OF 3

Click to add notes

© ©® /' excelonine - wopisre=ntt.. x
€ http: ern.chx/_l as| v | @ | Q search "B 93 Aa D =
n% Excel Online
/ Editin Browser A Print Data~ P Find  eee
A 8 c D E F G H I 3 K L
000 /'y PowerPoint Online x
4
€ ) ® @ | https://oos.cern.ch/p/PowerPointFrame.aspx?WO ¢ Q search w B + A O =

TRANSITIONS

ANIMATIONS VIEW b 4
&
Shapes
Font Paragraph Drawing ~

2008 2009 2010 2011 2012

Welcome to OWA

Try to Test Test Test

SAVED

* Integration with multiple services
« ROOTJS
« Jupiter notebooks (SWAN)
» Microsoft Office 365
« and others to come...
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Filesystem Access (FUSE)

Fuse operations

200 Hz

BEBEBERERER

[ NON ] & Imascett — ssh Ixplus.cern.ch — 93x26
100 HZ -bash-4.1%
-bash-4.1%
-bash-4.1% 1s -1 /eos/
root root 23 18:23
root root 23
root root 23
root root 23
75 HZ root z5 11
root root 23
root root 23
root root @ 23 18:23
-1 /eos/user/1/lmascett
lmascett c3 44979 H 20161130-g 500000. txt
S0 Hz lmascett c3 148531 :00 20161130, bt txt
lmascett c3 148531 H 20161134
lmascett c3 275018
lmascett c¢3 8845053053
lmascett c3 1369 100 Amsterd
lmascett c3 36214091
lmascett c3 1874 a backup. 18
lmascett c3 1320171428
25 Hz Imascett c¢3 8262598954
lmascett c3 598019850
lmascett c3 1357772982 / | \
T \/ | |
\_/\__/\/\/\/\/ \/\( ' ’
| A A D~
0Hz A = i — AN A S e —— L -
20161 2016-2 2016-3 2016-4 2016-5 2016-6 2016-7 2016-8 2016-9 2016-10 2016-11 2016-12 201741

== Fuse Fuse-Access Fuse-Checksum == Fuse-Chmod == Fuse-Chown == Fuse-Dirlist == Fuse-Mkdir == Fuse-Stat == Fuse-Statvfs == Fuse-Utimes == Fuse-XAttr

CERN
\/-WI 37




Python Notebook Integration (SWAN

Files Help & Download Clients Q  Luca Mascetti (Imascett
All files swanExamples notebooks
] fi #* SWAN E I book +
% Favorites Name Size Modified
«§ Shared with you P 53 kB 8 months ago
«¢ Shared with others :
K5 cMmsDimuon_py 341k8 9 months ago
& Shared by link
ﬁB CppFromPython_pycpp 7kB 9 months ago
All projects
TPy N N z
Fastjetinteractive.ipynb 53 kB 8 months ago
2 Your projects Nig 9 2 =
@ Eos Browser WB Geometry_Visualisation_cpp. 598 kB 8 months ago
WB pandas. 94 kB 9 months ago
K‘B Simple_ROOTbook_cpp 165 kB 8 months ago
— 325kB 9 months ago
€ ) Oa cern. B9 4+ad =
diy  CMSDimuon_py (utesaved) @ | Contoipanel || Logout 169Kk8 3 months ago
File  Edit View Inset  Cell Kemel  Help | Python2 ©
165kB 9 months ago
+ % @ B 4 ¥ M B C Markdown | CellToolbar
4kB 9 months ago
Dimuon spectrum

This ROOTbook produces a plot of the dimuon spectrum starting from a subset of the CMS collision events of Run2010B.

Dataset Reference:
McCauley, T. (2014). Dimuon event information derived from the Run2010B public Mu dataset. CERN Open Data Portal. DOI:
10.7483/OPENDATA.CMS.CB8H.MFFA.

In [1): import ROOT

Open in é SWAN

Welcome to JupyROOT 6.07/06
Alittle extra: JavaScript visualisation. This command will become a magic very soon.
In [2]: %jsroot on

Convert to ROOT format and analyse

First of all we convert the csv file into ROOT format, i.e. filling up a TTree data structure. But first of all we uncompress it if it's

not.

In [3): inputFileName = '../data/MuRun2010B.csv'
import os
if not os.path.exists(inputFileName):

import gzip

import shutil

with gzip.open(inputFileName+'.gz', 'rb') as £_in, open(inputFileName, 'wb') as £_out:
shutil.copyfileobj(£_in, f_out)

CERN




Office Online Integration (WOPI)

* Web Application Open Platform Interface (WOPI) protocol
* Native Office in the browser a0

i) @ | https://oos.cern.ch/x/_layouts/xlIviewerinternal.as| @  Q search wB 9 3 A O =

ﬂ% Excel Onli
% cernbox WOPI +
/' Edit in Browser lE;! Print E Data ~ DO Find e
- . . A B C D E F G H I J K L
Name Size Modifiad L 6 |
1 ear earnings
2 2001 1
. 3 2002 32
CERNBox 3 minutes ago P 2003 1 1800
p 2008 ” 1600 earnings
. 6 2005 21 1400
CERN visit 7 2006 1212 1200
8 2007 818.8667 1000
9 | 2008 991.4952 500
CERN-2016-EN 10 | 2009 1164.124 .
11 2010 1336.752
‘ 12 2011 1509381 40
am Machine Retirement
eoce /@ PowerPoint Online x \ +
3 2004 2005 2006 2007 2008 2009 2010 2011 2012
) . ) @ | https://oos.cern.ch/p/PowerPointFrame.aspx?WO &  Q search w B 4+ A O =
Storage-Discussion

Eg PowerPoint Online

FILE HOME INSERT DESIGN TRANSITIONS ANIMATIONS VIEW 4
B = [
(S|
Paste New Shapes
Slide A4l -
Undo = Clipboard = Delete Slides Font Paragraph Drawing ~ -

Welcome to OWA

Try to Test Test Test

CERN
\ Click to add notes 3 9

SLIDE 1OF 3 SAVED ZNoEs [ B T er%
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SHOME Current Status

DFS
AFS

Ixplus g = J\?.rrginal Servers d
Ixbatch indows manage

linux managed

small private/experiment
clusters 41
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SHOME Future Vision

Ixplus & =i Te.rminal Servers
Ixbatch Windows managed

linux managed

small private/experiment
clusters 42
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Current AFS Status

glow decline of AFS

_term viability of OpenAFS

ues (IPV6, DES)
port

st LinuXx yersions

Concern for the longd

Future highly visible iss
creasing issues for client sup

In
a corruption of low performance on late

Dat

evel decision

2015 |T Dept. \
as rep\acement strategy

EOS FUSE
e

’
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CERN $HOME

= o S .. J -
. . —
Strategic choice to use EOS\CERNBox
flexible and powerful storage infrastructure [jdoe@1xplus@és ~1$
[jdoeRlxplus@éé6 ~1$ pwd
master the full storage development /eos/user/j/jdoe

supported by existing user base (> 9k users)

Same HOME for multiple operating systems
enable synchronisation and disconnected access
improve user experience (no split-brain home)

Serve with the same technology multiple community

Avoid to run separate/isolate storage cluster
better system interoperability and profit from future synergy (DFS)

CE/RI-QV
\

NS

‘ SHOME => /eos/user/<u>/<username>/



CERN $HOME

(o)
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Q
Q
®
0
o
EEBEERE

mmmmmmmm

Browser and Mobile

webdav,

Batch Service



Desktop/Laptop E

Each directory is a Sync Folder for CERNBox

Desktop -> /eos/user/j/jdoe/Desktop
Documents -> /eos/user/7j/jdoe/Documents
Pictures -> /eos/user/j/jdoe/Pictures
C&;y Music -> /eos/user/j/jdoe/Music
Videos -> /eos/user/j/jdoe/Videos
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Clusters

IXplus, Ixbatch and terminals

Cluster Desktops

$HOME is set to /eos/user/j/jdoe/
prototype Ixplus-eos.cern.ch available soon

If needed cluster desktop could be configured
with SHOME in /eos/userl/j/jdoe/ like Ixplus

General ISecuiy' PteviousVersionleustonizeI

j Iidoe

. . . Type: File folder
File access is via SAMBA bmoe st on
Size: 0 bytes
Size ondisk: 0 bytes
Contains: 0 Files, 0 Folders




EOS FUSE Current Status

- /eos already mounted on Ixplus and Ixbatch
- adding features + bugfix during the last months

- Most of the issues will be solved with the new eos fuse client

- decision to start with a clean rewrite (EOSFUSENQ)
- Behaviour will be similar to a local filesystem

V2 implementation

FUSE client

server

Open Source Storage

FUSE filesystem implemented as
pure client side application without
C\E/RW ‘ dedicated server side support.

NS

V3 implementation

FUSE client

server

)
Open Source Storage

Dedicated server-side support providing a fully

asynchronous server->client communication, leases,

locks, file inlining, local meta-data and data caching

48



AFS Migration Plan

2015 2016 2017 2018

2019

2020

>

Y
C
2
w

New EOSFUSE

EOS - new namespace

— CERNBOX/SWAN/VM-style

CE/RW
\

vard
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Major Milestones - Roadmap

- FUSE performance and localFS behaviour
- development and deployment of EOSFUSEng
- Ixplus-eos.cern.ch testbed
Deployed in few

- Namespace scalability ( > 1 Billion Files ) / instances

- Boost booting performance (x4 achieved) Scheduled on May 15th
- New EOS server major upgrade «— —  foreoslhcb
ITUM 2017

e 2 @ oL .

Devel.

l.instance

== —— == e 7
e S wewmeamen
CBOX CC7 desktop SLC6 desktop
\ﬂl ‘ ot 50
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Storage Services Evolution
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EOS Development Strategy

Evolve flexible storage infrastructure as scale-out solution

towards exabyte scale
one storage — many views on data — analysis/analytics service integration

suitable for LAN & WAN deployments
enable cost optimized deployments

Evolve file-system interface /eos

multi-platform access
using standard protocol bridges WebDAYV, CIFS, NFS, HTTP

Evolve namespace scalability
scale-out implementation

Evolve scale-out storage back-end support
object disks, object stores, public cloud, cold storage
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Data Archiving evolution

Preserving the past ... and anticipating the future
2017-2018: 100PB/year

2021++ : 150PB/year

Data written to tape 2008-2016 Total Data (P B)
o - g:isce 800
atas
imp 600
hor
f; - user 4 O O
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Data Archiving Evolution: CTA

EOS + tape ...
EOS is the strategic storage platform
Tape Is the strategic long term archive medium

EOS + tape = @
Meet CTA : the CERN Tape Archive
Tape backend for EOS
Streamline data paths, software and infrastructure

End 2018

018 ° Ready for |
experiments
* Ready for small
experiments

hd 2017

First release for
additional copy
use cases

CE/RW ‘ EOS plus CTA is a “drop in” replacement for CASTOR .

 Same tape format as CASTOR - only need to migrate metadata



Summary and Outlook

EOS provides a very flexible platform for large communities
* integrated in Tier-0 workflow by ATLAS & CMS
* more than 9k users storing data today via CERNBox

Demonstrated unprecedented scalability
* largest low-cost HEP storage installation site today

CERNBox as an extension of the Desktop
 Bring data closer to our users
* New ways to interact with the data
« Ongoing integration with multiple services

Strategic direction for CERN based disk storage
« for physics data (user/group/grid)
* as generic home directory via EOS fuse and CERNBox

 CERN Tape Archive (CTA)
 tape backend for EOS
‘ » strategic long term archive medium
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Thanks for the attention!

CE/RW
\

NVl

www.cern.ch

Questions?



