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wWLCGG

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

(Detector) simulation 401 FTS

~300.000 MB/s
\\ from all sub-detectors CERN Computer Centre

LHCb ~ 50 MB/sec

e oMs-220mBec | M alice @M atlas  cms M theb |



Physics Data in CASTOR

2016 LHC Run

2016-2 20163 20164 20165 20166 20169 2016-10 20M6-12 20171 272
3.6 PE = sizeOnTape Current: 186.8 PB

" Data archival at CERN
(last 17 years)

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

—— — J— —

E/RW . 2008 2010 2012 2014 2016 |

S— — — —
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Worldwide LHC Computing Grid

Tier-2 sites

labout 160)

Tier-0: _ _
data recording, ot T ~170 sites, 40 countries
recon str_uctlon and ~500k CPU cores
distribution

~1000 PB of storage

Tier-1: permanent
Storage,. re- | 2+ million jobs/day
processing, analysiJ

Multiple 10-100 Gb links
Tier-2: Simulation,
user analysis

LCG:

Initial description: 2001
Tech. Design Report: 2005



Evolution does not stop here...

nuﬂ Low-impedance share of ideas
to jump out the “submit-print-discuss” loop
o [

“Agile” plck up of new tools

REEI0.C 0

10 BEST, MUST-HAVE _ !l

POWER TOOLS”

Copylng and Pastlng
from Stackoverflow

reprodUCIblllty/le‘ablIlty



DEAR VARIOUS PARENTS GRANDPARENTS, CO-WORKERS,
AND OTHER ‘NOT COMPUTER PEOPLE.”

WE DON'T MAGICALLY KNOW HOW TO DO EVERYTHING IN EVERY
PROGRAM. WHEN WE HELP YOU, WE'RE USUALLY JUST DOING THIS:

Tried this...

FIND A
MENU ITEM OR
BUTTON WHICH LOOKS
REVATED TO WHAT
YOU WANT TO

I\VE TRIED
THEM ALL.

Got some (nice) lego blocks...

GOOGLE THE NAME
OF THE PROGRAM

ANY |NSTRUCTIONS.

... you might want to try out!

PLEASE PRINT THIS FLOWCHART OUT AND TAPE IT NEAR YOUR SCREEN.

CONGRATULATIONS; YOU'RE NOW THE LOCAL COMPUTER EXPERT!
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@\ Open Source Storage




> 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

APP @ DR = Distill 20+ years of experience data management
GLIERT Ultra-fast name space
Arbitrary level of data durability: cross-node file
— € o === replication or RAIN on commodity hardware

SERVER = Large protocol choice
) LO S p-ioh a5
DATA
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« Annual Failure Rate ~ 0.25% L
e 4 10%disks Eo
o Better schemas? R C2
o Erasure code
« RAIDS like _ _
« Ready but not deployed NB: After 1 disk failures, N-1 sources
o Less overhead (cfr. RAID1 and RAID6) available (NZIOOOO)

o A-priori also faster
« Fragments go to clients from multiple nodes




m S e rVI Ce Storage for physics

And for general storage (CERNBoOXx: 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



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

1390 M 108 M  2.390 GBps 24.5 GBps 57.7 K 9.5 K
i ecces Hhineeed eeseed B

IOPS Namespace boot time File deletion rate

43.81 PB

L L L N T T Y Y

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

20 GBps 4.0 GEps
150 GBps

15 GEps 3.0 GBEps

100 GBps

10 GBEps 2.0 GEps

5 GBps e 10GBps fee—r L A\ 50 GBps

0Bps : : ' 0Bps - £ 0Bps ———— T —— —_—
0530 0600 0630 0700 0730 D800 0530 0600 0630 0700  O730  OB:00 0530 0600 0630 0700 0730 0800

bytes_read Avg: 19.42 GBps == bytes_written Avg: 2.43 GBps == balancing,0 == draining0 == replication,0 == gridftp,0 == writeratemb Avg: 5.4 GBps == readratemb Avg: 188.1 GBps
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Our “20-ms- Iarge” computer centre

— x 1u

/‘

[ Ciiene | .Fm
F 7B 1A

Total Traffic to/from Wigner

CERN Wigne!

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

» Resilient scalable catalogue well beyond 10B
Now 1.3 B entries

» High-performance POSIX access (Fuse)

« Archival capabilities (CTA)

« Extended usage in production of erasure code
Zero-operation mode

Cheaper hardware not impacting quality of service %
« Collaboration with external sites R&D -

HEP sites: Russian cloud, IHEP in Bejing, ... . CERN-IT extra-large disk server project
Other sciences/activities: JRC and AARNET best examples 8 x 24 x 6TB disks connected to single

 Evolution of the WLCG front-end node [ 1.152 PB/node ]

Data federations - capacity/performance ratio ?
OS limitations handling 192 disks ?
RAID vs. ZRAID vs. Software EC
which network IF ?
which CPU type ?
TCO evaluation

) Open Sowrce Storage




CTA- CERN Tape Archive

A tape backend for EOS

*+ Removes duplication between
current MSS (CASTOR) and
EOS: namespace, file access
and protocols, disk cache
management

* Thin scheduling layer on top of
existing CASTOR tape software

+ EOS drives life cycle for
archiving/restoring files from/to
tape

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

* Under development, aimed for
LHC Run-3

I “
E— “
One EOS instance
per experiment
EOS Archive and

namespace
and redirector

————\

Central CTA instance

CTA
front-end

Archive and 2

i '
retrieve requests o

Tape file catalogue,
archive / retrieve queues,
tape drive statuses,
archive routes and
mount policies

retrieve requests

\
Tape files appear in
EOS namespace as

replicas.
. Tape library
EOS workflow engine

glues EOS to CTA

Scheduling information
and tape file locations

|
|
|
|
)




Joint Research Centre (JRC)

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 R

+ 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

=

ol .
e European |
(iERN H Commission

W A. Burger and P.Soille (JRC)

N/ S



AARNET
collaboration

D. Jericho (AARNET),L. Mascetti (CERN),
Asa Hsu (ASGC Taipei)

Exploring the 300 ms region...

[root@pB5151113837349 ~]# eas

[root@pB5151113837349 ~]#

drwxrwsr— 1 root root 1 Nov @5
drwxr-xr-x 1 root raat 2 Sep @8
drwxrwsr—+ 1 daemon  root 3 Sep 28
drwxrwsr—+ 1 daemon  raot 2 Sep 25
drwxrwsr— 1 root roat 1 Oct 82
[root@pB5151113837349 ~]# eas 18 -1 /feas/australia
drwxr-xr— 1 daemon  root 1 Sep 25
drwxr-xr-x 1 reot roat 3 Sep @98
[root@pB5151113837349 ~]# eos 1s -1 feos/europe
drwxrwsr—+ 1 daemon  root @ Sep 25
drwxrwsr—+ 1 daemon  root @ Sep 25
[root@pB5151113837349 ~]# eas 1s -1 /eos/asia
drwxrwsr— 1 daemon  root @ Nov @5

Pacific

Ocean

asia
australia
dualcapy
eurape
triplecapy

SREEE

melbaurne \,

proc

58

budapest
geneva

N BE BE BESGE
By

5

taiwan

AARNETe




Another factor of 10 is probably not needed, yet...

7 = 2000 ms
. latency

- —
- = = - T 1
KN k<8 - ‘ — -

e

——

=8
-

July 7, 2016 QUESTNet 2016



" National Research Centre (NRC) ,:;;Blﬁ; s Big Data Technologies Laboratory
o “Kurchatov Institute” 5 A.-Mm. hftp://bigdatalab.nrckiru/

LEL PPET)

Russian Federafed 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




Mational Research Centre [MRC) =i ﬁﬂl[;;,'- Big Dafa Technologies Laboratory

o @ “Kurchatov Insfitute” ?!‘..-;I].A.m;n_;@a hitp:/ /bigdatalab.nrekiruf
-  HEP communities
« Collaboration

« Complementarity

Federation topology

SPb Region
- Federation  SPosy
« Moscow area Moizo: Region
« St Petersburg area . NRC KP
° (CERN) - MEPhI
.- Sites from Russian s
Data Intensive Grid and
+ CERN

And WLCG site
-  EOS workshop

CE{W
\
N/ S




EOS AT 6,500

KILOMETRES WIDE

An Australian Experience

David Jericho = Solutions Architect, AARNet

MapR, Hortonworks, Apach

e offical

Cnarre

S b |

> »
Salmay A
/ 4
e T L.y
( 1 ],
y
j
(
’\«\5 I
A\
¥
cz:bmﬁr”//’j_—/ .
]
‘».\_// N
IT WORKS!

Stable, server Issues have been almost

exclusavely container related

Fast

, THANKYOU!

\ 1l )
| @y 2 cloudstor
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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



Federations (rationale)

* Reduce the number of storage services to
manage

« Bundle many small resources into bigger single
resources

* Reduce operation effort (WLCG)
* Reduce integration effort from users (experiments)

CE/RW
\

NS



EOS Storage Federation &1

3 types of sites #24 Opon Source Storage

storage site type 1

=% || BaT storage server
MGM MGM ; .
Master || Slave active/passive meta data server
MQ
MGM
Follower
FST FST FST  siorage server FST FST  storage server

storage site type 2 storage site type 3




Data federations

basic concept of event triggered data management




1St EOS workshop (February 2-3 2017)

Participants @
@ % *O\l

RID( Y

)ubo' ZSRICE He

) CE{@ 2= Fermilab

Universidad de
los Andes

@) Colombia

/ 1

U AKAZEMIS

X HAYK
\ Fiepain®
SRS

Integration and support
Disk technology

R
PR .A.' !\_'; ;“__. 2 4
CTP TECHNICKA
UNIVERZITA
V KOSICIACH

Externa/CoIIaborators vt

9

SEAGATE

= > COMTRADE

“ European
Commission







@ 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

- Strong interest
. In HEP: here! Interesting meeting yesterday
. Broader scientific/university community




Access Methods: Sync
—

> \ e

A 10 Spm i an

& Connected to hitos.//cemboxcenah/ cambon/dekion « deds

share | mobile | web

Namespace

010110

Physical Storage



Access I\/Iethods Sharlng




Access Methods: I\/Ioblle & Web




ccess Methods: WebDAV

800 £ home
SIS 2 B w2 2(=-0l=] »
FAVORITES ‘Name e =
Dropbo: ~ cernbox-sample.txt = o
Y ™ v [l CERNBOX-STRATEGY o e
L Al My Files Nt el Y - =
@ Airop * CERNBOX20-ROADMAP.txt - s
¥ Applicati... client-migration-to-eos txt = A%
DSS-strategy-meeting.txt _ i
et
B Daes EOS-admin-commands.txt — S
(9 Documents £0S-Backup.txt = ";‘:“
8 = = 44xs
[ Movies e0s-pps-benchmarks.txt p “0x8
€0S-Prototype txt o e
22 e ¥ [l EOS-RD-WORKSHOP i
() Pictures 8 = -
%% backup... m

010110
110011

Physical Storage



Access Methods: FUSE

Isascett@ixplus201S ~|»
[imsscett@luplun2Ols ~}@ 4f <N <t fuse
Used Avail Useh Mounted on

Filesysten
eosuser
eosating
eosalice
eoscms
eosihchd
eospublic

Sire
5067
L
200
28P
1
160

70
iTE
i

1

S.

[lsascett@ixplos201s «~)#
[isascettPlaplos?

total 6644
4 rex -

imascett
Lnascett
Leascett
Isascett
lnascett
Inascett

4377 14N Jeos/user
I8P 45N Jeos/ating
.50 S5IN Jeon/alice
ISP 49N Jeos/cms
4.6F 6N
16

«~1c Jeos/user/\/imascett/

Dec $ ceanN
Jan dedug
Ce: : downloed
® Oct 2 par
Dec : personal
pictures

Physical Storage




glbox.root

£ amano
= b
Reload with selocted layout

9B downiond.oho7dir=H2FAMAH20r00kBfles= b0
@t

Optimised access

* AAA root hsimple.root *x ¥ streamerinfo

Py ve px

Profile of pz versus px apen alll close all
4 sresmertnto
LSRNt

CISE )
12 Thamed

Iotegeatizn dane by CERNBOK ieam

Embedded ROOT viewer
in CERNBox browser



3" Cloud Services for Synchronisation and Sharing (CS3)

Novel applications, cloud storage technology, collaborations

&3 Dropbox m m
ZIP IT Projecten AGH
CHDE ra

I@ Nf@"A PIWISE @cgmg space “.” INFN ) “;‘- . _‘
, ‘AL @aarnet ownCloud %
o .. %ﬁ - JRC Seafile
CESNET EUROPEAN COMMISSION
WARA ‘ucL

\x

”~
......................
o RF | SAAO .
et | St S W | T C I | : C&lsortllilﬁ
kaunas ’ U LICH i ~Y
k uuuuu rsity of J J e ™ e \NESTFALISCHE an
Kt A BRODKHAVEN (oo

MUNSTER



CERNBox Service Numbers

Users 4074 8411 E
55 Million 176 Million Engineers Physicists
# dirs 7.2 Million 19 Million
Used Services &
Administration
Raw Space 208 TB 806 TEB pr—u
Deployed
Raw Space 1.3 PB 3.2 PB
Number of files and directories CERMBOX users
2000 Mil G001
B0 K /,-»-“"—"J 500
100 K B0 K = I n ]
5.0 K 200
L - ~ oK N - - o
; F mbir = Registeredusers e Wewky y Increa ]




@ CERNBox Clients

© OpenStreetMap contributers, © CARTO




38th INTERNATIONAL CONFERENCE

ON HIGH ENERGY PHYSICS
AUGUST 3 - 10, 2016

H
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"Cloud analysis: SWAN project
with CERN Physics Department

?D 1 ! 1 ! 1 ! ! 1 1
ATLAS Prelimina
&0 - +_+_Il‘__w = Dala
- , Wzz
Vs =7 Tev: [Ldt = 4.8 b =2+ﬂla
= it
=8Tev: [Lat=58Mm" ~— 1
= Syat. Ling

Storage

Evers Gely

50
A0

30 - + !
ED R 25

Applications

10

L(?tS of activity in prewous projects Data Analysis Framework BRAGERIE
with several Russian groups, notably Data Analysis
with V. Korenkov (JINR Dubna) 3

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



Interface: The Notebook

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

Jupyter

In a Browser




Graphics

In

1]

Interface: The Noteboo

Access TTree in Python using PyROOT and fill a histogram

Loop ower the TTres caled "srenis® in a file located on the web The tree is acosssed with the dot operator. Same holds for the acoess o the banches: o reed o
sal them up - ey are just acoessed by nanme, agan with e dol apenaiorn,

import ROOT

T = ROOT.TFile.Dpen{"http://indico.cern.chfevent/395198/naterial/@8/a. root™ ) ;
n = ROOT.THIF["TracksPt™, Tracks;Ft [Gev/c);&", 178,8,64)
for event im T.events:
for track in event.tracks:
h.Fill{track.PL{))
t = ROOT.TCanvas(]

h.Draw| |
c.Drawi )
Tracks
It TracksPi |
- Entries 499832
Iaan 12,54
14000 SidDev 6,554

12000

10000

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

] 10 20 a0 40 50 B0
P1[GeV/c]




CERNBox as Home

@ Control Parel Logout

Files Running Clusters
Select items to perform actions on them. Upload || Mew = &
- | #
[3 ACAT 2016

O CHEF 2018

I:' =M -J'.'-l.- a
o Same content as in cernbox.cern.ch
[0 csc

[0 ExamplaDir

(3 IMLmesting
3 mylibs

[ node modules
[0 other

O ROOT-Primer



Notebook Galleries

SWAN . |
- Example notebooks at swan.web.cern.ch
= - D

Bk S0V Prirer

0 AgecheSaan

Basic Examples Click on the blue ribbon to open them in SWAN!

ais = 3 galbry of hasr swmpie nmshonkss dick on the i \

Belay of the ook ore ROOTo00ks, based az ke ROCT ranzwark. To knaw mane 300 ROOT, sl oot oem.d.

Simple ROOThack (Pythan) Simple ROOThook (C+4]

My Mol

Click on the image for a | Simple 110
static visualisation | _




SWAN Use Cases

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

Results coming
from real data!
(published now)

for (component, coler) im [ (“model" kCyan), ("pdfBkg",kRed), ("cmbBkg",kGreen)]:
model.plotOn (frame, LineColor(color+2) , DrawOption('L'), Components(component), LineWidth(5))
model.plotOn (frame, FillColer(color+l) , DrawOption('F'), Components(component), LineWidth(0), Name("P"+component

1}
leg.AddEntry { frame.findObject ("P"+component), title[component] , “F" )

data.plotOn ( frame, MarkerColer | ROOT.kBlack ) )
frame.Draw()
Graphies () .lhcbMarker{0.2,0.8, "Internal™)

leg.Draw()

ROOT.gPad.Draw( )

%14005— LHCb

o Physics Analysis

Fot | ™ Rare B meson decay in LHCb
__ Lo T  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) @ | conlrolPanel | Logout
:.-r-:-:-.-:_ G

Edi W e Ins et Call Kermel Helg

B+ = A B 4+ ¥ HBC Mawdown 7| = CelToobar

Lahdetadnpa tutkimaan!

Lahdetadn seuraavaksi tarkastelemaan, miten peeudorapiditestin vaikutus mittatarkkuuteen voidaan havaita GMS-iimaisimen keradman ocikean datan

avulla. Kaytetadn CMS:n vuodelta 2011 kerbttya dataa [1), josta on valitte 10851 tdrmiystapahtumaa (evenis) fiedostoon
“Zmumu_Run2011A_massollla.cev”. (Karginta on suoritettu koodilla, joka on avoimesti saatavilla osoitieessa htps:github comitpmecauleyidimyon-fiffer )

Tiedostoon on valitu niith Wrmiystapahtumia, jolssa syntynyt Z-bosoni on hajonnut myaniks g Ja antimyonisi g7, imalsin on havainnut ndma myonit

_®

e

ja mitannut niiden Blkemadrat,

T ®

P. Rikkila




Education

In [13B]: import HROOT
htemp = ROOT.THIF{"mylisto", "NombresPremiera;My ¥ Asis;My ¥ Asis®,20,70,160)
for i im rangef{len(data)):

d = data[i][0]

htemsp.Fill {fleat (d) )
& = ROOT.TCanvas| ‘myCanvas"” ,"myCanvaaTitle®,1024,768)
htemp . Draw( )
a.Draw()

TROOT: :Append:0: RuntimeWarning: Replacing existing TH1: myHisto (Potential memory leak).
TCanvas: iConstructors0: RuntimeWarning: Deleting canvas with same name: myCanwvas

NombresPremiers .
) = myHisto "
3 80 Entries 351 o - h e .
> E Jj CrNIECd Rl P teiUniversity (Upsl
= 70—
60 Mano S. (14 years old), K12
50 student
sof- « Approaches programming for
s0E- the first time
20F- » Verifies numerically what he
m{ learned at schoo_l |
T T T rrwn e T S T T » Shares results with his
0]0 80 90 100 110 120 130 140 150 160

My X Axs supervisor and classmates



Tutorials

« Practical Statistics for Particle Physics Analyses
https://indico.cern.ch/event/545212/ |

« CERN Summer Student Program: ROOT
« https://indico.cern.ch/event/536772/

« CERN School of computing: Parallelization lectures
http://indico.cern.ch/event/502875/

« Data Science @ LHC Workshop, Multivariate analysis tutorial
http://indico.cern.ch/event/395374/


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

Summary - Solid foundations

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

- Strategic partnership
«  HEP computing evolution
« Cloud storage enables new use

[ [ B cases
alalalalalala] - and new ways to work and to

collaborate
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