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Physics Data in CASTOR

2016 LHC Run

2016-2 20163 2064 20165 20166 2067 20168 20169 2016-10 2016-11 271 272
3.6 PE == sizeOnTape Current: 136.8 PB

" Data archival at CERN
(last 17 years)

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

10 PB mark reached in 2008 (8 years) AL 2010 ZA 2014 2016
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wWLCGG

‘f Worldwide LHC Computing Grid
Make LHC computing possible

LHC ex pt ’
Computing/storage resources at CERN: ~ 20%; 80% across about 200 sites worldwide FTS

Worldwide infrastructure (collaboration) open to all LHC physicists
ERN 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) ERN Ta pe |nfra structure CERN BatCh (CPU)

(Detector) simulation Transfer Throughput

2016-06-29 20:40 to 2016-06-30 20:40 UTC

FTS

iy

w
=1
=

~300.000 MB/s.

J \ from all sub-detectors CERN Computer Centre
N

Throughput (MB/s)
~
S
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=

e cws-zzomsec | MW alice W@ atlas  cms M lheb |



Worldwide LHC Computing Grid

Tier-2 sites

[about 160}

Tier-0: | |
data recording ! Tier-1 sites ~170 sites, 40 countries
reconstruction and

distribution ~500k CPU cores

i 500 PB of storage
Tier-1: permanent

storage, re-

processing, analysi 2+ million jobs/day

_ Multiple 10-100 Gb links
Tier-2: Simulation,
user analysis e
Initial description: 2001

Tech. Design Report: 2005



Table of Content

* Introduction
* Big data: LHC computing

 Collaborations
« Established ones

EOS
e Starting...
CERNBoXx
* ... and future perspectives

SWAN




b

@‘ Open Source Storage




> EOS: Large disk farms for physics and beyond
= Developed at CERN

 xracp Ml Hupsweboav MMl s3 | = LHC: PBs for 100s/1000s independent scientists
CCED ¢ 5 & = 200 PB JBOD installed (CERN installations)
L© Ra-ainishiy , .
APP , > Strategic points
CLIENT
= Distill 20+ years of experience data management
T @ Gyzeers = Ultra-fast name space ) |
SERVER = Arbitrary level of data durability: cross-node file
| P O EERER replication or RAIN on commodity hardware
DATA = Large protocol choice
SERVER | '

S
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'HJ-L—EIII
CERN Wigne

Our “20-ms-large” computer centre m
3 : -,—-'I' e "y '

Autonomic,
Locality,

Disaster recovery/
business continuity

Client LICENate

ciiene JRES

' 4

— — . : ] 6% o 7 Y
Y, | - DANTEY
) N/ ' Gz o0 100 GhE

MGM = NameSpace/Metadata

FST = Disk servers

ta.
) bytes of do 458 tines22.0 mS
s0): dcmp_seqed tt1=58 SIETo 1 ms
e



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

1083 M 95M  520GBps 22.2GBps  42.2K 3.5 K
wmeshbetiiy odiiiiees: RS RN

IOPS Namespace boot time File deletion rate
2.2 hour

1.7 hour

47.28 PB

13:00 14:00 15:00

EOS Total 10 EOS Total 10 internal Aggregated Disk 10
40 GEps 10 GEps 250 GBps

30 GBps 3 GBps 200 GBps

150 GBps
20 GBps 5 GBps |
100 GBps

10 GBps 3 GBps 50 GBps

0 Bps : 0 Bps ——— =
13:00 13:30 14:00 14:30 15:00 1530 13:00 13:30 14:00 14:30 15:00 1530 13:00 13:30 14:00 14:30 15:00 1530

bytes_read Avg: 25.6 GBps = bytes_written Avg: 4.1 GBps == balancing0 == draining,0 == replication,0 == gridftp,0 == writeratemb Avg: 9.5 GBps = readratemb Avg: 183.5 GBps
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1st EOS workshop (February 2-3 2017)

Partlc:lpants @
© Wk .,

RIT)FT

& ._
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Universidad de
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Integration and support
Disk technology
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SEAGATE

< > COMTRADE

m European
Commission

Joint Research Centre

Australia’s Academic




I I Mational Research Centre [NRC) ?HI[II'" o Big Data Technologies Laboratory
“Kurchatov Institute™ it I] A,]- A:I'!-,;.I-': hitp://bigdafalab.nrcki.ru/

L P

Russian Federated Data Storage
System Prototype

Andrey Kiryanov, Alexei Klimentov, Andrey Zarochentsev

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

EQS Workshop, 2-3 Feb 2017




I Mational Reseq_rch Centre [NRC) ":’%HI[:'E'r_ Big Data Technprogies Labom_fory
"Kurchatov Institute” !‘||] A:I A“;ﬁ hftp:{fbigdafalab.nrckiru/

*  HEP communities
* Collaboration

 Complementarity

Federation fopology

SPb Region
_ . SPbSU
*  Federation . PNPI
R Moscow Region
Moscow area IR
* St Petersburg area + NRC “KI"
° « MEPHI
((_:ERN) _ « SINP
* Sites from Russian Data - ITEP
Intensive Grid And WLCG ¢ and
= CERN

- EOS workshop

* A.Kyrianov et al.

&)

N, A



EOS AT 6,500 {/"/
KILOMETRES WIDE (

An Australian ce \/
o ol - T
David Jericho ns Architect, AARMNet =5 " T \-ﬂl\ A
e _ 2 J ;

MapR, Hortonworks, Apache affical

IT WORKS!

pIFS Stable, server issues hawve been almost
Orangefs exclusrvely container related

Fast

Obviows write latency penalty

Lisers don't notica
[set®

Hedlo all, | know it's Mo

CERN have bean vary resp e, THANKYOLI

February 15-16,



Joint Research Centre (JRC) E0S

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:
e 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
* 10 FST nodes, each with one JBOD of 24x6 TB disks
e Using replica 2 .

 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

/W A. Burger and P.Soille (JRC) —

CERN e Cammission
\
N
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%% CERNBoOX E0S

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

ownCloud

* 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

« Strong interest
* In HEP: from V.llin and his group (Moscow)
* Broader scientific/university community




Access Methods: Sync

» i\




Access Methods: Sharing

E U‘\J Al foes & Presentations2015 THEZNS New 1,
I Shared with you a_l BoardingPass (2}

t

Shired with cthers a' Hatel reservation (Pendingl - THC1S
Shafed by link

n mosccki-h
Deleted Foes

Bl moscicki-sman




Access Methods: Mobile & Web




Access Methods: WebDAV

800 £ home
[<i» ? (=B oo #-](@-] 2 2 (@-][= -
FAVORITES Name A Date Mo Size
- cernbox-sample. — seK8
Dropbox
? " v [ CERNBOX-STRATECY - -
e [ CERNBOX-ECS-WEBDAY = -
@ AirDrop "~ CERNBOX20-ROADMAF.1xt - 10K8
iy Applicati... ~ client-migration-to-eos bxt — 1K8
" DSS-strategy-meeting. o - zx8
I - EOS-admin-commands.txt - 500 bytes
5! Documents " EOS-Backup.tat — 2x8
© Download: s -t - 44KB
H movie: - e03-pps-benchmarks. txt -~ 40K8
EOS-Prototype.tt — sk8
Music -
S ¥ [ EOS-RD-WORKSHOP -
50 Phctures " EOS-URLtxt = sK8
£ backup...
& Googe. - Fhared
maoscicki

e [ cernbox.cern.ch

Physical Storage



ccess Methods: FUSE

[mascetoflaplos =]

[ilmascett@luplus? w=]# df =H = fuse

Filesysten Sire Used Avail Usew Mounted on

EOSusEr SBET TAT 4377 4% feosfuser

[ IV 1N EY h 14 1TF kL

eosalice 0P 11F A.5P

EOLCAE 2EP 14  1SP 49% Fecsfoms

eazlhch 1¥F 7.6F 4.6F 60 SfecsfLhch

saspublic EF 5.8P 11F % feonfpublic

[lmascettdlapl =] &

(imascettluplus2Bls ~|# 1z -lc feosfuser/L/imascett/f

total G644

o ru « 1 Imascett Dec 18 CEAN
Lnascett « Jan 28 B debug
Imascett Dec 11 L L TY |
Imascett Oct 11 pdf
Inascett Dec 11 persomal
Lnascett o [ plctures

Physical Storage




Files v

AAA root glbox.root

Optimised access - .

‘open i close al car

% download.php7dirm %2FAAA%20ro0t8fles=glbox.

@31
* AAA root hsimple.root x Y streamertnfo
This is the px distribution Py Vs px.
giaze -
s 70|
B |
Reload with selected layout “aane]
100172
open il close i cesr el 10
T download.php2dir=3%62FAAAT20r00tBles=hsimp
Wexit | o
B npxpyi1
i hprof;1 ”
© @ntupie
U streamertnfo bl 5
Profile of pz versus px open alll close all
2 streamerinfo
& This viewer is based on the ROOT data analysis framework.
S developed at CERN.
[P— 1fyou have questions o ssues please refer to ROOT
2] Tobject support page
b Integraton done by CERNBOX team
& 3 Al
(3 TauMarker
A
This viewer is ased on the ROOT data anlyss framevrk B0 Tattaxis
developed a CERN. 5 () THasnList
1Fyou have questions orissues plesse refer to ROOT & -
Suppor page
i 2 #{2 TSeqCollection
Integration done by CERNBOX team i

Embedded ROOT viewer
in CERNBox browser

xroot sync | share | mobile | web

MNamespace

Physical Storage




3 Cloud Services for Synchronisation and Sharing (CS3)

Novel applications, cloud storage technology, collaborations

&3 Dropbox

i werfFolder
@2 7IP IT Projecten === " *S""'fts"“k @’

anera ==:55  NetApp UNIRETT

)

AGH

lMl ONZIJATA =~
B o e e

}{\ @aamet oumuou

3 JRC %

EUROPEAN COMMISSION Seafile
é CYFRONET) =3 -

Suth Aviem Consortlum
= G\I/ITCH ~ "SGA
#) JULICH -

= = WESTFALISCHE ¥,
WILHELMS-UNIVERSITAT Bnno"“"‘“i" CCC' luck yc loud

MUNSTER NATIONAL LABORATORY

ki

aunas
ktu university of
technology
1922




CERNBox Service Numbers

Users 4074 8411
55 Million 176 Million B Engineers  Physicists
# dirs 7.2 Million 19 Million @
Used Se_rvices E.
Raw Space 208 TB 306 TB - Administration
R‘;‘f,ffgg:fe 1.3 PB 3.2 PB

200 mil

50 Ml

Number of files and directories CERMEBoOX users

B.D K

5.0 K

1.0 K
20 20165




@ CERNBox Clients
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"Cloud analysis: SWAN project

with CERN Physics Department

= ?u -1 I ’ I ! ’ I I =
3 | ATLAS Preliminary « Data Storage
u B0 Lrwdete +utu Wz E
= Vs =7 Tev: fldi =48 ' EZdets |
ZE O zaaT v: flot =587 E
i - Ve = B Tewv: - 5. - _
40 :_ o S:l'E-t.Ur‘ll::_:
30 -
20 Applications

10

Lots of activity in previous projects
with several Russian groups, notably
with V. Korenkov (JINR Dubna)

Data Analysis Framework Python for
Data Analysis

ooooooo

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



Interface: The Notebook

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

and vigualisations
T
jupyter B
v oo s s | PR e s

-----

34



Interface: The Notebook

Access TTree in Python using PyROOT and fill a histogram

Loop ower the TTres caled "seenis” in a file located on the web. The tree is acoessed with the dot operalor. Same holds for the acoess o the banches: o need o
el hem up - ey are just accessed by name, again with the dot operalor,

In [1]: import ROOT

f = ROOT.TFile.Open{ "http:/findico.cern.ch/event/ 395198/ naterial/8/8. root" );
h = ROOT.THIF("TracksPt®, Tracks;Ft [Gev/ic];#",128,3,64)
for event im T, events:
for track in event.tracks:
h.FIll(track.PL{))
C = ROOT.TCanvas(]

h.Draw! |
c.Draw{}
Tracks
. TracksP ]
- Enfries 499832
Maan 1254
14000 SidDev 6,554

I|I|1II|I|I|III|II1|I

B0
P1 [GeV/c] 5



CERNBox as Home

@ Cantrol Panel Logout

Files Running Clusters
Salect items to perform actions on them. Upload | Mew = &

-

[0 ACAT 2018

[0 CHEF 2016

[ cmsdala Same content as in
[0 csc
cernbox.cern.ch

[0 ExamplaDir

O3 IMLmeeting
3 mylibs

[ node modules
[3 other

O ROOT-Primer

36



Notebook Galleries

‘ SWAN
é T Example notebooks at swan.web.cern.ch

= - O
Booiiaratod Teimplea Moching Lecmi

B 00T Priver

[ AgacheSaar

Basic Examples Click on the blue ribbon to open them in

Bl of the nnclzooks ore ROOT200ks, besad az ke ROOT frameworke T2 knaw meene oo ROOT, vishrersoom . di.

Simple ROOThaok {Pythan) Simple ROOThook (C++]

i o :\ -
! T I= il
. i

— e

Click on the image
for a
static visualisation

37




SWAN Use Cases

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

for (component, coler) in [ (“model”, kCyan), ("pdfBkg",kRed), ("cmbBkg",kGreen)]:

model.plotOn (frame, LineColor{color+2) , DrawOption{'L'), Components{component), LineWidth({5)) Com i n from
model.plotOn (frame, FillColor({color+l) , DrawOption({'F'), Components{component), LineWidth({0), Name("P"+component g
real data!

(published
now)

N

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

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

Graphics().lhcbMarker(0.2,0.8, "Internal®™)
leg.Draw()

ROOT.gPad.Draw( )

B Farially reconstructed
B Combinatorial background

% _— LHCb

~ - Internal = =

S Physics Analysis

Bk | s Rare B meson decay in LHCb

 Read data from EQOS

* Setup complex fit

« Document and inspect
results

L. Anderlini Mass (MeV/c?)

38



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. jautcsaved . | conrolPanel | Logout

i et Call Kermal He Python 2 O

E + bl Cﬂ E * o H B C Mardown " = ColiToolbar

Lahdetadnpa tutkimaan!

Lahdetadn seuraavaksi tarkastelamaan, miten peeudorapiditestin vaikutus mittatarkkuuteen voidaan havaita GMS-iimaisimen keradman oikean datan
avulla. Kaytetadn CMS:n vuodelta 2011 kerbttya dataa [1), josta on valittu 10851 tdrmaystapahtumaa (evenis) fiedostoon
“Zmumu_Run2011A_massollla.csv”, (Karsinta on suoritetiu koodita, joka on avoimest saatavilla osoifieessa hips:/github comtpmecauley'dimuon-fiter, )

Tiedostoon on valittu niith W@rmiystapahtumia, jolssa syntynyt Z-bosoni on hajonnut myaniksl g~ Ja antimyonisi g7, imalsin on havainnut ndma myonit

ja mitannut niiden Bkemadrat.
- @

P. Rikkila
39




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)
htemp.Draw( )
. Draw({)

TROOT: :Append:0: RuntimeWarning: Replacing existing THl: myHiste [Potential memory leak).
TCanwvas:sConastructor:0: RuntimeWarning: Deleting canvas with same name: myCanvas

NombresPremiers

) myHisto = :

5 Entries 351 - - | ——
< 80 Mean  90.49 Up toWniversity (Up2U
gs 20 Std Dev 9.887 Bridging the gap between schools and universities through informal &ucaticn

Mano S. (14 years old),

K12 student

 Approaches programming
for the first time

* Verifies numerically what
he learned at school

g * Shares results with his

v T T W xads” supervisor and classmates

40

60

50

40

30

20

10
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Tutorials

* Practical Statistics for Particle Physics Anal ses

* CERN Summer Student Program: ROOT §

\ ,/L

* CERN School of computing: Parallellzatlon lectures

Wit »ul"‘- *f"'- =L k\f\

 Data Science @ LHC Workshop, Multivariate analysis
tutorial

41


https://indico.cern.ch/event/545212/
https://indico.cern.ch/event/545212/
https://indico.cern.ch/event/536772/
https://indico.cern.ch/event/536772/
http://indico.cern.ch/event/502875/
http://indico.cern.ch/event/502875/
http://indico.cern.ch/event/395374/
http://indico.cern.ch/event/395374/
http://indico.cern.ch/event/395374/

Summary »  Solid foundations

e 200 PB LHC disk infrastructure
Steadily growing!
« HEP collaborations

o3 EOS &) »  Strategic partnership

 HEP computing evolution

alala a * Cloud storage enables new use

cases

* and new ways to work and to
collaborate
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