





WLCOCGG

Worldwide LHC Computing Grid

‘ LHC expts

Make LHC computing possible
Worldwide infrastructure (collaboration) open to all LHC physicists
Computing/storage resources at CERN: ~ 20%; 80% across about 200 sites worldwide

CERN Disk farms

Data Reconstruction

Goals: data quality and immediate access for analysis
Organised activity dominated by heavy processing and replication (each expt: 1-8 GByte/s)

Data Analysis
Goals: extract physics quantities (discovery)

Individual activities dominated by event selection and sharing (thousands of physicists) CERN Tape infrastructure CERN Batch (CPU)
Transfer Throughput
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Physics Data in CASTOR

2016 LHC Run

2016-2 2016-3 20164 2065 2016-6 2016-8 20165 2016-10 2016-11
3.6 PB = sizeOnTape Current 186.8 PB

Data archival at CERN
(last 17 years)

2008-03-13 01:00:00
= sizeOnTape: 10.6 PB

2008 2010 2012

201612

2014

2016



Content

» Storage (and environment) for physics (and for science at large)
 EOS (storage) + CERNBox (sync and share) + SWAN (analysis)

» Storage for the CERN IT infrastructure
» Ceph infrastructure
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EOS: Large disk farms for physics and beyond

Developed at CERN
LHC: PBs for 100s/1000s independent scientists
200 PB JBOD installed (CERN installations)

Strategic points

Distill 20+ years of experience data management
Ultra-fast name space

Arbitrary level of data durability: cross-node file
replication or RAIN on commodity hardware
Large protocol choice




NMumber of Files Number of Directories Write Throughput Read Throughput Current Readers Current Writers

1390 M 108 M  2.390GBps 24.5 GBps YN 9.5 K
i ecces Hiineeend meaeeeyd B

IOPS Namespace boot time File deletion rate

43.81 PB

L L L T T ey Y

EOS Total 10 EOS Total 10 internal
30 GEps 6.0 GEps 250 GBps
25 GBps 5.0 GBEps 200 GBps

20 GBps 4.0 GEps
150 GEps=

15 GEps 3.0 GBps

100 GBps=

10 GBEps 2.0 GEps

5 GBps e 10GBps et L M A\ 50 GBps

0Bps : 0Bps * - 0 Bps = e _—
05:30 06:00 06:30 07:00 07:30 08:00 05:30 06:00 06:30 07-00 07:30 08:00 05:30 06:00 06:30 07:00 0730 08:00

bytes_read Avg: 19.42 GBps == bytes_written Avg: 2.43 GBps == balancing,0 == draining,0 == replication,0 == gridftp,0 = writeratemb Avg: 5.4 GBps == readratemb Avg: 188.1 GBps




m S e rVI Ce Storage for physics

And for general storage (CERNBoOX: see later)
Twin computer-centre deployment
3 -100-Gb links (=22 ms latency)

Aggregated Network I/0 Rates

125 GBps

100 GBps

75 GBps
50 GBps
25 GBps

0 Bps
4/16 4,17 418 419 4/20 4/21 4/22

== outratemib Max: 102.8 GBps Avg: 40.9 GBps inratemib Max: 23.3 GBps Avg: 9.5 GBps



Our “20-ms- Iarge” computer centre
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Total Traffic to/from Wigner

CERN W|gne

.......

Geneva — Budapest

3 x 100 GB lines
~ 22 ms latency (diff routes)
~ 1000 km

Autonomic, Locality,
Business continuity

Certainly more complex
OK with 2 replicas, less interesting
with other erasure codes




EOS evolution e

R&D - et
 Resilient scalable catalogue well beyond 10B . CERN-IT extra-large disk server project
: Now 1.3 B entries - 8 x 24 x 6TB disks connected to single
* High-performance POSIX access (Fuse) front-end node [ 1.152 PB/node |
* Archival Capablllt!es (CTA) _ +  capacity/performance ratio ?
« Extended usage in production of erasure code . OS limitations handling 192 disks ?

Zero-operation mode - RAID vs. ZRAID vs. Software EC

Cheaper hardware not impacting quality of service - Wwhich network IF?
+ which CPU type ?

* Collaboration with external sites TCO evaluation

« HEP sites: Russian cloud, IHEP in Bejing, ...
« Other sciences/activities:

« JRC and AARNET best examples

» Evolution of the WLCG

Data federations
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CTA- CERN Tape Archive

A tape backend for EOS

« Removes duplication between current MSS ——
I 2 I I I I —

(CASTOR) and E.OS: namespace, file access one EOS instance contral CTA instance
and protocols, disk cache management per experiment _
. . o EOS ll ret/r_\iora(ig\?z(?l:]:sts I CTA Tape file catalogue,
« Thin scheduling layer on top of existing CASTOR namespace  \weg ¢ gl R
and redirector I arEhive routes andy
tape software mount policies

+ EOSdrives life cycle for archiving/restoring files

Tape files appear in “I %%
EOS namespace as %
from/to tape ’ %

replicas. 6,)
~
q %
EOS workflow engine I 9
®

glues EOS to CTA 7

Archive and _—
retrieve requests -
—
- - -
-

+ Same tape format as CASTOR - only need to
migrate metadata

* Under development, aimed for LHC Run-3 I




Examples of collaboration

CE/RW
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Joint Research Centre (JRC) S

Science Service of the European Commission

The EU Copernicus Programme with the
Sentinel fleet of satellites acts as a game
changer by bringing EO in the Big Data era:
o expected 10TB/day of free and open data

e Requires new approaches for data management
and processing

« Installation and configuration at JRC with strong
support from CERN storage team

» Current set-up:
e 1.4 PB gross capacity
e 10 FST nodes, each with one JBOD of 24x6 TB disks
e Using replica 2 Copernicus Data on JEDDPP

+ Pilot project launched in January 2015

+ Major goal: set up a central infrastructure
for storing and processing of Earth

. Further extension planned -..
Observation and Social Sensing data at JRC | :

e 2017: extend to ~6 PB gross

European
Commission

=

== European
CERN — Commission

A. Burger and P.Soille (JRC)
o)

N/ S



CERN, Exploring the 300 ms region...
AARNET,
ASGC i
collaboration

:Parifir

g

Barsi >

[root@p@5151113837349 ~]# eas IR i
drwxrwsr— 1 roat root 1 Nov 85 12:13 asia
|drwxr-xr-x 1 root raoot 2 Sep 88 15:43 australia
drwxrwsr— 1 daemon  root 3 Sep 28 18:11 dualcopy e
drwxrwsr— 1 daemon  root 2 Sep 25 13:52 europe ; ST
drwxrwsr—+ 1 roaot root 1 Oct @2 13:59 triplecapy il
[root@p@5151113837349 ~]# eos 1s -1 /eos/australia PR o
drwxr-xr— 1 daemon  root 1 Sep 25 13:52 melbourne J ;‘» =
drwxr-xr-x 1 raat raoot 3 Sep B8 15:43 proc S pod
[root@p@5151113837349 ~]# eos 1ls -1 /eosSfeurape
|drwxrwsr—+ 1 daeman root @ Sep 25 13:52 budapest
. : drwxrwsr— 1 daemon  root @ Sep 25 13:52 geneva T, ravina e
D. Jericho (AARNI::T) : L. Mascetti (CERN), [root@p@5151113837349 ~1# eos ls -1 /eos/asia _ﬂ e
Asa Hsu (ASGC Taipei) drwxrwsr— 1 daeman  root @ Nov 85 12:13 taiwan A RNET" / Ib
[root@p@5151113837349 ~]# Me Ow‘

T




I" National Research Centre (NRC) ,:;;Blﬁ; s Big Data Technologies Laboratory
“o “Kurchatov Institute” 4* A.-Mm'. http://bigdafalab.nrcki.ru/

LA PPEr)

Russian Federated Dafa Storage
System Prototype

Andrey Kiryanov, Alexei Klimentov, Andrey Zarochentsev

on behalf of BigData lab @ NRC “KI" and
Russian Federated Data Storage Project

EOS Workshop, 2-3 Feb 2017
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« HEP communities _m--%

: Collaboration Russian Federated Data Storage
. Comp|ementarity System Profotype

Andrey Kiryanov, Alexei Klimentov, Andrey Zarochentsev

- Federation ————
. Moscow area
. St Pete rsburg area L] Jsttlom it el ¢ R 1 e
. (CERN) Federation topology
« Sites from Russian
Data Intensive Grid
And WLCG site

EOS workshop

SPb Region

« SPbSU

= PNPI
Moscow Region
= JINR

= NRC “KI”

= MEPHI

< SINP
« ITEP
and

= CERN
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An Australian Experience \//’-"‘—

David Jericho = Solutions Architect, AARNet a’“‘j o

fadoo;
MapR, Hortonworks, Apache officsal

emES

IT WORKS!

SNES Stable, server lssues have been almost

exciusavely container related

Fast

CERN have been very responsive, THANKYOU!



EOS in DOCKER - 1 minute

- currently the docker scripts are only to get a one machine instance for
testing

- the CERNBOX team is finishing a complete dockerized CERNBOX-like
service package bundling EOS + OwnCloud

- prototyped a single host ALICE docker storage container with a pre-
configured EOSALICE instance using the physical network inside the
container

- interesting option to combine with kubernetes to simplify deployment in
a storage federation .... integration is on the work plan ...

- if there is a broader interest, we can integrate the work of AARNET which
- is deploying EOS only via docker containers and add ALICE specifics
@ ‘ ALICE Tier 1/2/ Workshop 2017

— e
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1st EOS workshop (February 2-3 2017)

Participants

(ERN
\_/

()ubo' SRICE %y

3 %-;{% & Fermilab

Universidad de

los Andes

Colombia

¢ l.:.
AKATEMIES
HAYN
'A‘;-u\\\‘
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k)' Open Source Storage

TECHNICKA
UNIVERZITA
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Integration and support
Disk technology

L

Externa/CoIlaborators 1 et
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@ CERNBOX E0S

. Starting point: Dropbox-like service ownCloud
. Cloud synchronisation service
. Just the starting point!

- Innovative way to offer storage
« Sync and share from ownCloud GmbH
« EOS as a back-end (all LHC data!)
« New way to interact with your data
- HEP and beyond Broader scientific/university community




3"d Cloud Services for Synchronisation and Sharing (CS3)
Novel applications, cloud storage technology, collaborations

Krakow January 2018
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@ CERNBox Clients

© OpenStreetMap contributers, © CARTO




38th INTERNATIONAL CONFERENCE

ON HIGH ENERGY PHYSICS
AUGUST 3 - 10, 2016
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Cloud analysis: SWAN project
with CERN Physics Department

?D L1 " 1 i 1 i i 1 1
ATLAS Prelimina
=Ts) - e ! ! -I"_l" &= Dala
_WuleTe +uti , Wzz
Vs =7 Tev: [Ldt = 4.8 b =2+-ﬂla
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20 | Applications

10

Lc_)ts of activity in previous projects Dok ath s e S—
with several Russian groups, notably Data Analysis
with V. Korenkov (JINR Dubna) X

ROOT is the CERN data analysis framework: http://root.cern.ch



Jupyter Notebook: A web-based interactive computing interface
and platform that combines code, equations, text and visualisations

Jupyter

In a Browser




Graphics

In

11

Interface: The Noteboo

Access TTree in Python using PyROOT and fill a histogram

Loop ower the: TTres caled "everis" in a fils located on the web The tree is acoessed with the dot operalor. Same holds for the acoess o the banches: o reed (o
el them up - Mey are jUst accessed by nanme, again Wil the dot opsraiorn,

import ROOT

f = ROOT.TFile.Dpen{ "http: /findico. cern.chfevent/395198/material/@/8. root" b;
h = ROOT.THIF("TracksPt™, " Tracks Pt [Ge¥/c];&",128,8,64)
for event in f.events:
for track in event.trachs:
h.FIll{track.PL{))
t = ROOT.TCanvas(]

h.Draw| )
c.Orawi)
Tracks
ak TracksPi |
- Entries 499832
Maan 12,54
14000 SidDev 6,554

12000

10000

I|I||II|I|I|III|II1|I

T SRS S [T T T T MY

o 10 20 a0 a0 50 B0
P1 [GeVic]




CERNBox as Home

@ Contrel Panel | Logout

Files Running Clusters
Select itams to perform actions on them. Upload | Mew = &
- | #&

[0 acaT 2018

O CHEF 2018

D =M Jnl.' 0
o Same content as in cernbox.cern.ch
[Ocsc

[ ExamplaDir

(3 IMLmeeting
O3 mylibs

[ node modules
3 other

OO ROOT-Primer



SWAN Use Cases

title = { "model": "Signal" , ‘"pdfBkg" : "Partially reconstructed" , "cmbBkg": "Combinatorial background"} Results Coming

for (compenent, coler) in [ (“"model" kCyan), ("pdfBkg",kRed), ("cmbBkg", kGreen)]:
model.plotOn (frame, LineColer(color+2) , DrawOption{'L'), Components(component), LineWidth({5})
model.plotOn (frame, FillColer(color+l) , DrawOptien{'F'), Components|component), LineWidth(0), Hame("P"+component

from real data!
(published now)

1

leg.AddEntry ( frame.findObject ("P"+component), title[component] , "F" )

data.plotOn ( frame, MarkerColor | ROOT.kBlack )} )
frame.Draw()

Graphies().lhcbMarker{0.2,0.8, "Internal®)
leg.Draw()

ROOT.gPad.Draw( )

I Fartially reconstructed
B Combinatorial background

% " LHCb

~ C Internal . -

S e Physics Analysis

B0 | s Rare B meson decay in LHCb

* Read data from EOS
« Setup complex fit
« Document and inspect results

L. Anderlini Mass (MeV/c?)




Outreach

« SWAN as platform for outreach
— Introductory course about experimental HEP for future high school teachers

Particle open data teaching (Hiukkasfysiikan avoin data opetuksessa)

@) Esim-pseudorapiditeetti-mittatarkkuus jsutesaved) . | Conbol Panel | Logout
:.-r-:-:-.-:_ 0

Edit Wiew Ins et Call Kamal Help

E o+ = PR + 4+ H B C uamdosn j B CelToolbar

Lahdetadnpa tutkimaan!

Lahdetain seuraavaksi tarkastelemaan, miten peeudorapiditestin vaikutus mittatarkkuuteen voidaan havaita CMS-iimaisimen keraidman oikean datan

avulla, Kiytatidn CMS:n vucdalta 2011 kerittyd dataa [1), josta on valithu 10851 tGrmaystapahtumaa (events) tiedostoon
"Zmumu_Run2011A_massollla.csv”. (Karsinta on suoritetiu koodilla, joka on avoimesti saatavilla osoitieessa https:aithub comtpmecauleydimyon-fifes)

Tiedostoon on valitu nlith Wrmiystapahtumia, jolssa syntynyt Z-bosoni on hajonnut myaniks g~ Ja antimyoniksi gT, limalsin on havalnnut ndma myonit

®

—

ja mitannut niiden Bkemairir,

o ®

P. Rikkila




Education

In [13B]: | import ROOT
htemp = ROOT.THIF("myHisto","NombresPremiers;My X Axis;My ¥ Axis", 20,70,160)
for i in range(len(data}):

d = data[i][0]

htemp.Fill | float(d))
¢ = ROOT.TCanvas(| “myCanvas”, "myCanvesTitle®, 1024,768)
btemp.Draw( )
{‘_‘.Dt‘&'n{]

TROOT: :Append:0: RuntimeWarning: Replacing exiasting TH1: myHiste [Potential memory leak).
‘TCanwvas::Conetructor:0: RuntimeWarning: Deleting canvas with same name: myCanvas

NombresPremiers

myHisto
Entries 351

\ .
Mean  90.49 Up toWniversity (uku
Std Dev 9.887 Bridging the gap between schools and universities through informal aucation

80

My Y Axis

70

Mano S. (14 years old), K12

student

« Approaches programming for
the first time

« Verifies numerically what he
learned at school

RTEPT TR ryyy: S T « Shares results with his

R supervisor and classmates

60

50

40

30

20
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Ceph for CERN IT Infrastructure




Ceph at a Glance e

OBJECT BLOCK FILE ceph

§ $ §

RGW RBD CEPHFS

A web services gateway A reliable, fully-distributed A distributed file system
for object storage, block device with cloud with POSIX semantics and
compatible with S3 and platform integration scale-out metadata
Swift management

LIBRADOS

A library allowing apps to directly access RADOS (C, C++, Java, Python, Ruby, PHP)

RADOS

A software-based, reliable, autonomous, distributed object store comprised of
self-healing, self-managing, intelligent storage nodes and lightweight monitors




Ceph/CERN Timeline

Jan 2013: CERN IT needs block storage for OpenStack
* 1H 2013: testing Ceph on old hardware.
* 2H 2013: Installed 3PB new Cephcluster. Using 200 SSDs for OSD journaling.
» Dec: OpenStack Cinder/Ceph in production.

2014-2015: stable operations.
» Steady growth in used space and IOPS.
» Ceph Advisory Board formed in Oct 2015 — CERN is a founding member.

2016: Replaced original 3PB Ceph with ~6PB new hardware.
» CephFS starting with HPC use-cases.

2017: CephFS scale testing, testing OpenStack Manila.




RADOS Block Devices

« RBD: a virtual block device (similar to ISCSI) usable by

VMSs or recent Linux kernels.

« Thinly provisioned, highly available, extendable, snapshottable.

* QoS throttling: 100 IOPS for “standard” volumes, 500 IOPS for “io”
volumes.

 rbd-mirror for disaster recovery, ISCSI gateways available.

 Two clusters:

* Meyrin: 5.5PB raw, 2.5PB used. 3 replicas, 2 rooms.

* Wigner: 422TB, 146TB used. 3 replicas, used mostly for DR
replication.




N F S O n R B D ey U —

e ~60TB across 28 servers: g
« OpenStack VM + RBD T 1 [ =t

2015-8 2015-10 2015-12 2016-2 2016-4 2016-6

+ CentOS 7 with ZFS for DR et

Example: ~25 puppet masters reading
node configurations at up to 40kHz

Elatfor{n
omputin
v GitLab t "
-\. Inc OPENSHIFT

collaborate with

TWilka «

* Not highly-available, but...

 cheap, thinly provisioned, /:\
resizable, trivial to add new /¢

filers puppet |

%, ¢ elastic
)

N



Ceph File System

CephFS is stable since mid-2016
“stable” means that recovery tools exist to help if things go wrong.

« Horizontally scalable metadata now possible in Ceph 12.2.0.
* Snapshots not yet stable.

« 100 HPC nodes accessing CephFS since mid-2016. Few bugs found, quite stable.
« Parallel 10, range locking, needs some dev work. Best to write to unique files.

« Planning to migrate our RBD/NFS solution to CephFS + Manila (see Arne’s slides).

* NFS and Samba gateways provided by the community.




Ceph Board

 In October 2015, the Ceph Advisory S— T

Board Was formed to aSSISt the Dan van der Ster CERN Academic Rep
community in driving the direction of Wido den Hollander 4zon  User Chair
open source software-defined storage Christan Res Canonical  Commercial
te C h n O I Ogy . Seth Mason Cisco Commercial
Paul von Starmwitz Fujitsu Commaercial
| | 1
. l ' I ' FU]ITSU Anjaneya Chagram Intel Commercial

D) @ rec 42 (@D Fge 7
CAN@NICAL SanJisk
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Recap

LHC challenging problems
Scale (price) and performances as a driver

Push the envelope of technology
In house (EOS) or from outside (Ceph, OwnCloud, Jupiter)

Important role exploring/prototyping
Attracting large communities around us (collaborations)

\/wl

N/ S
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