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Why High-Energy Physics (HEP) needs computing?
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What are all these computers/disks/networks... for?
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From Physics to Raw Data
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From Raw Data to Physics
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(Innovation in) Computing in High-Energy Physics @

* Demanding science> Demanding computing

* Power usage

e |nnovation

— Web invention

— Grid computing (LHC Computing Grid)




World Wide Web born at CERN
25 years :
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WLCG (Worldwide LHC Computing Grid) W)

The Worldwide LHC Computing Grid (WLCG) collaboration was set up in 2002 for the Large Hadron Collider (LHC)
physics programme at CERN. It links up national and international grid infrastructures.

WLCG mission is to provide global computing resources to store, distribute and analyse the ~25 Petabytes (25
million Gigabytes) of data annually generated by the Large Hadron Collider (LHC) at CERN

Challenging points:
—  lLarge data volumes
—  Large computing needs (simulation and data reconstruction and analysis)
—  Very large community (including large number of computer centres and other institutes not necessary part of a LHC experiment)
— Aiming to total:CERN resource ratio of the order of 5:1 or more (20%)

Historical notes:
—  Computing activities in the late 1990 (e.g. Monarc project: http://monarc.web.cern.ch/MONARC/ )
—  “Grid” concepts (I. Foster and K. Kesselman) matched with our approach
—  Distributed approach “matches” our distributed user communities
—  Participation to multiscience Grid projects (notably EGEE 2004-2010)

WLCG now operates a distributed infrastructure with 200+ major cooperating computer centres worldwide and
provides the foundation for all data processing activities. WLCG delivers access to LHC data and computing power
for extensive data analysis to virtually every LHC physicists.

Several tens of PB per year of data files are collected and distributed: experimental data (collected at rates up to
several GB/s) supplemented by derived data (processing and filtering) and simulation data (generated on the same
infrastructure). Depending on data type and usage, files are replicated on disk farms and tape repositories to ensure
best access and durability. 8



A CERN Central Data Recording

COMPASS =
o )

Typical data rates 100-1000 MB/s aver multiple 10 Gb fibres.
Large (and final) filtering takes place at the experiment (trigger filter farms). All data are then kept (RAW data)
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TW-ASGC

FR-CCIN2P3
*

Intercontinental links
(data and jobs)

WLCG Earth

INFN

S e
RO e Do AP area: Taipei (Tierl), 3 @
LHCOPN CORE T ffli’E-l:: 4 ’ r : : ‘\ ?'A- - N ‘ S ; TOkyo’ Beijing' Seu"
. p Melbourne, Mumbai, ... @

Avg
4.246
586

O FROM LCG to LHCOPN core
B FROM LHCOPN core to LCG

Last update: Tue Jun 04 2013 19:37:56

North America: BNL and
Fermilab (US Tier1),
Victoria (Canada Tier1) and
many Tier2 like Stanford,
MIT, Wisconsin, Argonne, ...

South America: several Tier2s
y ' ' Africa: few sites as the South
| S % o H 3 y ~ ;P y q o
e’ S ‘ , : P Africa Tier2s
WLCGE d \ \ 22013:EnesiSpotiimage ; ? < i)

e _ &7 | : D'“Nd\loﬁ}ig;ié\éﬁ(g}m'CER(O oy C()() le earth
@ dashbeard < s IS

57°55'16.23" N 87°09'44.59"E elev 191 m

eye alt 14415.36 km



WLCG Earth
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Data distribution (e.g. CERN distributes RAW data to Tierls)

* 12 centres on-line

* Tierls being built in Moscow area (@Dubna and @Kurchatov Institute)
(Large) processing campaigns on preplaced data (e.g. Reprocessing)
Download small sample for local analysis? ... but

* Scale out with grid jobs (user executable dispatched where data are)

* Using file parallelism (data set = list of files = list of independent jobs)

Federating storages

* Recall data ‘on the flight’




Grid at work (computing power) ®)

CPU contributions across the worldwide
LHC Computing Grid

See next slides: ~80,000 cores

Tier-2 sites
(about 140)

Tier-1 sites
10 Gbit/s links

| Processor
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Display;
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Misc: /0




hours/hour: Wall Clock consumptions Good Jobs (Time Stacked Bar Graph)
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CMS processing: wall
clock consumption

!

TierO and Tierl processing

— Top/Bottom: particle
collisions off/o

— Sizeable even if no data
taking: continuous
reprocessing

Reconstruction activities

— RAW = reconstructed
objects

— Organised processing
— Output for physicists
analysis

* They can access RAW data if
needed

* Final analysis more efficient
on the files containing the
“reconstructed objects”

The grid never sleeps...
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Data on the Grid (CMS experiment)

CMS PhEDEX - Volume of Resident Data
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* Different levels of
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LHC run 1 (2012) data (transfers)r

Data taking is part of the full
picture

* Primary data
Replication, multi-step
analysis and simulation
“generates” more data

* And network traffic (data

placement)
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Data handling is an operational
challenge

Source destination correlation matrix

Matrix Transfers Plots Correlated Plots Ranking Plots
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Analysis flow (user view)

RAW DATA DETECTOR. INTERACTION WITH FRAGMENTATION, gASIC PHYSICS
R.ESPONSE DETECTOR. MATERIAL  pecay

CONVERT TO APPLY PATTERN, PHYSICS RESULTS

PHYSICS CALIBRATION, R.ECOGNITION, ANALYSIS

QUANTITIES ALIGNMENT, PARTICLE

Data selection IDENTIFICATION

(quality, type,
config...)

RECONSTRUCTION .
—
” Production System

SIMULATION (MONTE-CARLO)

a Production System

But how this is done in practice? Of course we need CPUs, disks, networks etc..
The problem is orchestrating hardware resources, software and humans :)

ANALYSIS

@ User analysis
I

“All” data are stored in files (aggregated as “datasets” = collections of files). Only a small
fraction of data in real DBs (e.g calibrations). This is one characteristics of HEP computing.
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Toy model of user 0ﬂ0|y5i53 ‘ 2011 data; quality; run conditions... to be analyse it with myprog.exe
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_ T2_RU_PNPI | im
1

« Main Jobs Chart

0 [ |
7 cancelled: 0

analysistest

0 aborted: 0
i site—failed: 0
b app-failed: 1

JorgenDhondt/jdhondt app-succeeded: 0
relval
4 LI EEET T2_FR_CRIF_IRFU
integration L R Tl T3_UK_SGrid_Oxford
i AnkitaMehta/anmehta R
test Jlee/jlee T2_UK_SGrid_Bristol

| Yik/yik T2_CH_CSCS
0 10000 20000

Yiiyama/yiiyama T2_US_Caltech

Kjung/kjung T3_IT_Trieste

m ThomasSpeer/speer

SoerenErdweg/serdweg

1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
Jobs number

Adelanno/adelanno l B app-succeeded [ app-failed [l site-failed [l aborted [ cancelled () app-unk 3 pending [ ing

Jan-FrederikSchulte/jschulte
ShawnWilliamson/ /CN=Shawn Will
LoicQuertenmont/querten
Young-Kwonjo/youngjo
BugraBilin/bbilin
GregoryHammad/ghammad
TomaszMaciejFrueboes/fruboes
AlbertoSanchezHernandez/asanch

0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 55000
Jobs number

[ D app-succeeded [ app-failed [ site-failed [l aborted [ cancelled [) app-unknown [ pending [ running}

ba&ardg




CCF at CERN

MPASS
roduction
system

IR T

sls]as,

IX International Conference .
on Science, Arts and Culture |

GRID COMPUTING P
ANEW TOOL FOR SCIENCE [

AND INNOVATION g

August 25-29, 2009
Veli LoSinj, Croatia

Close collaboration with CERN IT
COMPASS was the first/among the first to:

. Migration to Linux PC farms
. CHEP2000

. CCF at CERN

. ACID in Trieste

. Use of Objectivity/DB at the 102 TB scale
. First production user of CASTOR

. Deliver and operate CORAL (C++ framework)

for data processing

. And the algorithmic parts, notably the

RICH reconstruction

FOR SCIENCE ARTS AND|[oiilRgil 3

EUROPEAN CENTR




OMP,

Run 2010 - Collected data to CASTOR
MB/s
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Data-to-Tape Rate

Integral Growth

5th of May 2014 CASTOR statistics (tape files only)

Total size: 87.337 PB
Total number of files: 262.601 M

Top-6 size (by group)
30.436 PB with group ATLAS (id 1307)

17.266 PB with group CMS (id 1399)

13.888 PB with group COMPASS (id 1665)
9.616 PB with group ALICE (id 1395)
6.585 PB with group LHCb (id 1470)
1.839 PB with group zf (id 1018)



Zoom to CERN

(— /sls/debynum.php
% ‘ Home Search KPls Dat:uf:‘::: by | T=as Admin Documentation Help ‘
P -
s>
ﬁ Data Centre by numbers 10 May 2014 Sat 19:52:55
3
CERN’s TSM Backup Service Machine Inventory
g Total Data on Tape (PB) 7.56 Number of 10GBE NICs 3,220 L
'Ifé Number of 1GB NICs 19,331 Graphs
i Number of cores 99,067 e
CPU istributi
w0 Number of disks 80,562 e CE Tl
— Number of memory modules 68,362
g Number of processors 18,633 Intel(R) Xeon(R) CPU 5140 & 2 33CHz: 0.08% (14)
Intel(R) Xeon(R) CPU E5-2660 0 @ 2.20CHz: 0.08% (14)

S Number of servers 10,809 ‘W‘ﬁ““t Intel(R) Xeon(R) CPU E7- 8837 @ 2.67CHz : 0.12% (20)

: : IR) Xeon(R) CPU E3-1265L V2 @ 2.50GHz : 0.16% {27)
0 Total disk space (TiB) 128,849.37 Intel(R) Xeon(R) CPU L5520 @ 2.27CHz : 30.61% (5282) ,lf Intel(R) Xean(R) CPU E7- 4807 @ 1.87CHz - 0.21% (36)
0 Total memory capacity (TiB) 349.20 | - Intel(R) Xeon(R) CPU L5410 @ 2 33GHzZ : 0.44% (76)

| . Intel(R) Xeon(R) CPU E5645 @ 2.40CHz - 0.61% {106)
e Intel(R) Xeon(R) CPU E5630 @ 2.53CGHz: 1.24% (214)
a SLS by CERN IT/CF "_ Intel{R) Xeon(R) CPU E5335 @ 2 00GHz : 1.763% (304)
Intel(R) Xeon(R) CPU E31260L @ 2 40GHz : 1.89% (326)

(1] Intel(R) Xeon(R) CPU L5630 @ 2.13CGHz: 2% (346)
N "\I |\ AMD Opteron(tm) Processor 6164 HE : 2.32% (400)

[l ntel(R) Xeon(R) CPU E5405 @ 2.00CHz : 4.545% (784)
|| Intel(R) Xeon(R) CPU E5345 @ 2 33GHz - 4.68% (808)
l‘ Intel{R) Xeon(R) CPU E5-2650 0 @ 2 00GHz : 4.76% (821)
Intel(R) Xeon(R) CPU E5-2630L 0 & 2 00GHz - 5.13% (886)
, Intel(R) Xeon(R) CPU L5420 @ 2 50GHz: 6.11% (1054)
Intel(R) Xeon(R) CPU L5640 @ 2.27CHz - 16.83% (2805) — " Intel(R) Xeon(R) CPU E5410 @ 2 33GHz - 8.07% (1392)

AMD Opteron({TM) Processor 6276 : 8.15% (1407)

Download as csv

HDD vendor distribution

(A=

OCZ-VERTEX2 : 0% (2)
T Stec: 0.01% (4)
_ Amicc: 0.02% (16)
~ [No: 0.05% (38)
HP: 0.07% (56)
Wd: 0.27% (216)

. Toshiba: 0.5% (400)
OCZ: 0.61% (488)
Ata: 1.03% (815)

“.* Fujitsu : 1.5% (1194)

" Seagate : 3.2% (2544)

Hitachi : 43.66% (34701)

WDC : 49.07% (39004) =

4e]



CERN Computer Centre

CERN computer centre:
* Built in the 70s on the CERN site (Meyrin-Geneva)
*  ~3000 m? (3 main machine rooms) i
« 3.5 MW for equipment Bt N it
e Est. PUE~1.6

" Wigner RCP
New extension: "
* Located at Wigner (Budapest)
e ~1000 m?
* 2.7 MW for equipment
* Connected to the Geneva CC with 2x100Gb links (21

and 24 ms RTT)

* Another room ~20 ms away...




CASTOR and EOS s

headnode

- Headnode Central Server SRM
B |
en in / .
poi ; — .
il '

Client Sl

GridF TP l

CASTOR é

CERN Advanced STORage manag;
TMd: TransferManagerd
DMd:DiskManagerd
TGd: TapeGatewayd

VMGR tape catalogue
VDQM: drive scheduler

F;T] [F;T] : FoT
||

diskserver diskserver diskserver

Disk Servers Tape Servers

CASTOR and EOS are using the same commodity HW

CASTOR and EOS:
developed at CERN * RAID-1 for CASTOR

(IT department) « 2 copies in the mirror (same box, multiple copies possible)
 JBOD with RAIN for EOS
» enforce replicas to be on different disk servers

Workhorses for
physics data

(archival, * tunable number (usually 2 replicas)
reconstruction, « Erasure coding
analysis and

AN * “Arbitrary” configurable durability
distribution)

* Disaster recovery: cross-site replication )



Data durability

Tierls \\

Simplified schema: 1 copy + 1 “distributed” copy (2 tape copies)
Scalability + data durability (disaster recovery)



Data durability (2) @

® 6=-Q ® 58=6
‘ . NS + Stager ‘ ..

MGM
At ~ several 103 s Q At ~ several 103 s
4
® L
N

Single disk failure: probability p; Single disk failure: probability p;

Double failure: p? effect; overlapping healing time: At

failure during healing time ~ At; Double failure: p? effect; overlapping
N(disk,,disk,) failure during healing time = At; -

n(diskx,disky)



CERN data management (physics data)l; A
CASTOR é Installed (usable) disk capacity

Number of Staged Files
CERN Advanced STORage\manager 100M
Total installed disk ca - . “Low” numbers (maintenance
~600 disk servers P‘ib_l_":' H-E' @E due to LHC technical stop)
€)0) 4.0 12.9
Mainly used as di 10M
(includes LHC dat '

™M

100M

«‘-Q’
\
- -
.

10M

Total installed capacity: 25PB
~900 disk servers

1M

Disk-only data (analysis)




Availability and I/O performances

CASTORQ

CERN Advanced STORage manager

PR 100 Service

Eos .

r availabilj 5
cailability - last o ) . Ly - last year

CASTOR 8a

100 [}
80 4

2a

40 %pr — || .
ay  Jun Jur ’ - =
AVer: g5, Joy Aug S i g i
20 Feb max: 100, oo, . P Dot gy ! - i
A Sep Oct Mov D o TABT 200 currigg oy fec Jan rep
o un  Jul e . 9. 9% 11:12
Apr Moy ...:,mmm min:81. 94  curr 13-03-2013 10 13-03-2003 15:33,

aver:99.45%

v 1 S —— Y

Network utilization

PR e

Network utilization 206t

el

we6f

pp 2012

pA 2013

Bytes/s

Data taken driven

total

vi_10_30: 56 (5.9%)
vi_10_21_smt: 2 (0.2%) \
=

vi_10_21 : 8 (0.8%)

" Different generations of PC boxes
o304 0.0~ with 20-200 TB disks space

t_10_20: 60 (6.4%) L. [ \ # - 1001502 : 30 (3.2%)

£ 09.10: 3 (0.3%) g ___— «d1001510: 51 (5.4%)
Py_09_30: 44 (4.7%) cd1001513: 67 (5.5%)
py_09_10: 63 (6.7%) 1001514 21 (2.2%)
cd1001521-3 : 32 (3.4%)
cd1001521_1 : 42 (4.5%)
cd1001523 - 26 (2.8%)
cd1001533_1: 7 (0.7%)
<d1001534_1: 1 (0.1%)

o4 11.30:92 (9.8% —

€4_10_30 - 48 (5.1%)
e4.10_22:12 (1.3%)

ed 10_10:70(7.4% —__ [ j k

e4 09 20:1 (0.1%)

p_09_10: 46 (4.9%)




EOS 2-site deployment

< A new cémputing room:21 ms épart

DANTE!
100 GhE

Multiple copy *
Geolocalisation ¥ _'Iiz?i'ﬁ?"ifé’éf’s .
1 in Meyrin (CERN Geneva), 1 in B e e
Budapest (Wigner)

Whenever possible

Multiple MGM
deployment

Complex deployment to guarantee low
latency

Xroot protocol: redirect clients

Single master MGM

Most operations can be done on R/O
MGM

Transparent redirection

71" Wigner RCP

Google parth
¢




@ CASTOR (tape archive)

Data: Infrastructure:
~90 PB of data on tape; 250 M files - ~ 52K tapes (1TB, 4TB, 5TB, 8TB)
Up to 4.5 PB new data per month - 9 Robotic libraries (IBM and Oracle)
Over 10GB/s (R+W) peaks - 80 production + 30 legacy tape drives

= 1000

[0
L ams
I s
s
I compass
I b
il

100,000

B0.000

60,000

W ot
other
sy

40,000

2,000

ARccurmalative Tra. .. & Asrnnount € TS

009 m m m ot il

Time

CERN Disk/Tape Storage Management @ storage-day.ch

31



DSS/FDO weekly report (16 Mar 2014)

ACRON service

!

Instance Jobs Efficlency () Unique user/host
@cem 9089 K 96.0 % 761.0
Other main services:
AFS service
e TSM
Instance Capacity Files A Size A
@cem 9920 TE 23G 26M 2925 TB -25TB
CEPH service Internal/beta services:
Instance Capacity Objects a Size A * H a d 00 p ( * )

@cemn 2871818 76M 02M 266 TB 1278 e CERNBOX (CIOUd SVnC)

FILER service

Instance Capacity Files A Size A
@cem 192.0 TB 2137 M 01M 406 TB 02718

CASTOR service

Instance Files a Slze a OnTape A
@cem 326.0 M 0.4M 89.1 PB 31.0TB 79.0PB 97.0TB

EOS service
(*) Initiated by a Technical Student (S. Russo) from

Instance Files a Size a

@cem 10050 oM 204 PB =418 TS+UD uni (ATLAS experiment)

alice 902M 05M 4.4PB 443TB

atlas 59.9M 0.0M 6.9 PB -334TB

cms 92M 02M 5.1PB -98TB

Ihcb 46M 20M 32PB 806 TB 32

public 26M 02M 0.8 PB 3.7TB



New end-user services?

@ CERNBOX to enter beta soon -

CERNBOX provides a cloud synchronisation service for all CERN @

users between personal devices (laptops, smartphone, tablets) and a A
ot s
Coherent data handling (with our other services): SLA, ACL, curation... =

centrally-managed data storage.
ownCloud Enterprise Desktop Client

&8 CERNBoX
h L pilot_account New | 4 Windows Mac 0S X Source Code
Fies )

InstantUpload m Current Release | Previous Releases  Changelog
-/ InstantUploa

CERNBOX is built on top of the ownCloud software. CERNBOX
supports access via web browsers, desktop clients (Linux, Mac and
Windows) and mobile-device applications (Android and iOS).

— ToDo
= . . ownCloud Linux Clients 1.5.3
L ) EOS test (localstorm) CERNBOX Service (Beta service)
O GIT instructions ownCloud Desktop Client for Linux enables you to connect Released on: 03/11/2014
————— to your private ownCloud 5 or ownCloud 6 Server. With it
5| How to give a try to cembox you can create folders in your home directory, and keep System Requirements:
the contents of those folders synced with your ownCloud openSUSE, Fedora, Debian or
B Pow2013 . This framework s open server. Simply copy a file into the directory and ihe Witnn ST er murdiarE o =

ownCloud client does the resi. Official version 1.5.3 for ownCloud 6

Linux! Connects you to the Open Build Service and you

) can choose your Linux OS. Changelog. Does not work in
connection with ownCloud 4.0.x you do need the 1.0.5
deskiop client!

S

. hitp://owncloud.com




New foundation services?

C(g?}‘ Ceph Architecture and Use-Cases

 Open-software storage

solution APP APP HOST/VM CLIENT
* Scalable from 10s to 1 1 1
10,000s of machines, RADOSGW | RBD CEPHFS
from Terabytes to | |
Exabytes (103 PB) LIBRADOSE o caowey. | distibuedblock | | diswibuted fie.
o Bl el e
* Fault tolerant with no sicess ADOS, CEMUIt N ko] and support o
. support for C,
ﬁapr(c?lezlh lrJ eses commodity Ges e ybon

« Self-managing, self-
healing




Deploying a 3-PB prototype

 Fully puppetized deployment

« Automated machine
commissioning and maintenance

» Add a server to the hostgroup (osd,
mon, radosgw)

* OSD disks are detected, formatted,
prepared, auth’d

» Also after disk replacement
» Auto-generated ceph.conf

« Last step is manual/controlled:
service ceph start

» Mcollective for bulk operations on
the servers

» Ceph rpm upgrades
* daemon restarts

Service information
full name: Ceph Storage Service

short name: Ceph
group: IT/DSS
site: CERN

email: ceph-admins@cern.ch

web site: @+ https://twiki.cern.ch/twiki/bin/viewauth/DSSGroup/CephP...
alarms page: @+ http://cern.ch/ceph/alarms.html

service Arne Wiebalck &
managers: Dan van der Ster @

Service availability (more)
availability: |:|
percentage: 100%
status: available

last update: 11:16:09, 2 Oct 2013
(13 minutes ago)
expires after: 15 minutes

= rss feed with status
Y changes
how is availability measured or estimated:
Availability is 100% when Ceph reports
HEALTH_OK, otherwise it is the
percentage placement groups which can
actively accept 10s.

availability in the last 24 hours (more):

ma]‘
o

Tue 12:00

Wed 00: 00

# df -h /mnt/ceph
Filesystem
Size

Additional service information (more)

Num Mons:

Num Mons in Quorum:
Num Pools:

Num 0SDs:

Num OSDs Up:

Num 0SDs In:

Num PGs:

Num PGs Active:

0SD Gigabytes Total:
0SD Gigabytes Used:
0SD Gigabytes Avail:
PG Gigabytes:

Num Objects:

Num Object Copies:
Num Objects Degraded:
Num Objects Unfound:
Total Read (GB):

Total Write (GB):

Used Avail Use% Mounted on

XxXx:6789:/ 3.1P 173T 2.9P

5

5

12

1,056
1,056
1,056
19,584
19,584
2,949,955
13,371
2,936,583
762
134,787
404,359

0

0

3,501
6,064

Part of (subservice of):

[ IT/DSS services

Subservices
none / not declared

Clusters, subclusters and nodes

cluster ceph_beesly_mon
cluster ceph_beesly_osd £

Depends on
none / not declared

Depended on by

services that depend on this service:
[ Cloud Infrastructure

6% /mnt/ceph



Beyond HEP

Ground floor exposition

Sharing experience with other activities (e.g. Biology)

Planning strategic partnership with other sciences (HelixNebula)
Collaboration with technology providers (OpenLab)

HLIX CERN openlab in a nutshell

A European cloud computing partnership: 801N
big science teams up with big business e

+  Ascience - industry partnership to drive R&D and PARTNERS
» & innovation with over a decade of success @
¢ H LIX
: NdBU[_A g esa Evaluate state-of-the-art technologies in a \ » A
weZ.¢ hallensing snvironment and imorove them m . s
THESCIENCECLOUD g challenging environment and improve them N e

Satfing up & new

To suppart tha . To create an Earth . -
Strategic Plan compating capacity fg;;;o;ngt’s? Cbsenation ’ intel.
» Establsh meidenart ’““z:‘;;:,’::;{ms ganomes, for a8 Pefom. focising on +  Testin a research environment today what will be L_.-
; a It irto . .
:‘x:;lz'x'ut’ cloud ‘g’;l""ggm; o voicano research used in many business sectors tomorrow CE R N eI
Diodversity openlab
Identity and adopt
g::éf:c'v'm sequrly » Train next generation of engineers/employees T SIEMENS
Create governance oemar o ) Opentebula org o
structure g W s taradis 20) S Flu OutbreakS and and outreach to new Youdex
Define funding schemes

Adoplens ey BUpis [l Forew THALES it

other diseases

a1

*Basic idea:
~Compute how a given chemical interacts with a protein (e.g. belonging to
a virus)
—High affinity means the chemical is a potential drug against the virus
+Insilico (i.e. use your PC):
~Scan millions of chemicals (~10 minutes per chemical-protein pair)
*With 1,000 PCs, 1 docking per second
—6ood candidate given to biologist (verification longer -and more
expensive- than in silico docking)
+In practice, you enrich the initial sample saving time
*(and money)
*Essential to fight to pandemic (HBN1) or
*neglected diseases (like Malaria)

+*WISDOM collaboration
-Malaria
—HB5N1 (Bird Flu)




nww.googlefr/search?g=what+is+big+ data8lie= utf-8&oe=utf-8&aq=t&ris=org.mozilla:en-US: official .client=firefox-a8lchannel=fflb & gfe_rd=créei=KZuUeWISb|SgewddDg Cg

what does big data

what does big data mean

what does big data do

what does big data look like

what does big data know about me

big data

noun COMPUTING

data sets that are too large and complex to manipulate or interrogate with standard
methods or toals.

uc nvestment 15 going towards

anag

g and maintaining big data

Big data - Wikipedia, the free encyclopedia

en.wikipedia.org/wiki/Big_data ~

Big data is the term for a collection of data sets so large and complex that it becomes
more than 1 billion people worldwide entered the middle class which means more

"A crucial problem is that we do not know much about the underlying

Big Data (band) - Exabyte - Splunk - Programming with Big Data in R

The Big Deal About Big Data And What It Means For IT And ...
www.forbes.com/.__ithe-big-deal-about-big-data-and-what-it-means-for-i.._ ~

Jan 28, 2014 - Big Data is the new IT buzzword. Companies are spending on Big Data
but how do the use it to make better decisions, work more productively

What is Big Data? Webopedia

www.webopedia.com» TERM» B =

Big data is a buzzword, or catch-phrase, used to describe a massive volume of both
structured and unstructured data that is so large that it's difficult to process

News for what does big data mean

' I Why big data only tells half the story
®8 The Globe and Mail - 20 hours ago

With big data, we use automated algorithms to infer meaning from

|
1-‘ the __. and solve my customers’ challenges before my competitors
¥

do, then |

More news for what does big data mean

V|

Learn more

Big Data Cloud Analytics I ‘ 7~ 'I' ~

cloud_google_.com/BigQuery ~
Sign-Up For Real-Time Big Data
Analytics On BigQuery

100% Uptime for Hadoop
www.wandisco.com/hadoop ~

No Downtime Mo Data Loss Mo Latency
100% reliable realtime availability

Big data
www.gigya.com/5-ways-big-data ~

5 ways big data and social will
transform the game. Free Whitepaper

Big Data Anal
www.intel fi/Big_Dat
Ressources pour [ar
Big Data avec Inteld

Big Data:
Expanding on 3 fronts
at an increasing rate.

BEVE!

Velocity
Real-Time Big
www.solacesystems
High throughput Big
distribution on LAN

See your ad here »

Data
81 PE L \olume

AUGIO

o, '~
& -/(‘/,E o ?\‘r“_-)\-_)"‘u -

Variety



User program
GO 8[6 find higgs boson in CMS data

I ]
I e 3 VS I n I I E I Web News Images Videos Shopping More ~ Search tools

About 434,000 results (0.46 seconds

O utp ut d a_ta Cookies help us deliver our services. By using our services, you agree to our use of cookies.
m Learn more

VO I U m e ~ Higgs boson - Wikipedia, the free encyclopedia
en wikipedia org/wiki/Higgs_boson ~
 For sure at somewhere between 10 and 100 PB B A e T

confirmed as a Higgs boson of some kind on 14 March 2013 (see above). ... More data

you are gettl ng big is needed to know if the discovered particle exactly matches the ...

Search for the Higgs boson - Wikipedia, the free encyclopedia
en wikipedia org/wiki/Search_for_the_Higgs_boson ~

The search for the Higgs boson is a 40 year effort by physicists to prove the ... 18
November 2011 — a combined analysis of ATLAS and CMS data further ...

Variety
CMS search for the Standard Model Higgs Boson in LHC da...

* #of different technical solutions, operational T e S
proced u reS’ uSerS and WOrkfIOWS? for the Standard Model Higgs boson, using the entire data sample of ...
« # of different types (>3? >307?)

: V eventin 2012 CMS AOD ...
VeIOC|ty for (ev.toBegin(); 'ev.atEnd(); ++ev, ++ievt){
* Avolume/Atin 1 PB/month (disk installation)

/4 break loop if maximal number of events is reached

 Last 2 years of EOS@CERN seimacmrunce 50 7 sevs

EventBase const & event = ev;

1>maxEvents_ : false) break;

* Avolume/At in 4 PB/month (recording, e T T ev G e )

processing and redistributing)
* LHC running (end of pp Run1)

event ..getByLabel (std: :string | }, muons):

ndle<std: :vector<Muon> > muons;

/¢ loop muon cellection and fill histograms
But do not forg et: for (std: :vector<Muon>::const_iterator mul=muons->begin(}; mul!=muons->end(); ++mul){
- muonPt_ ->Fill({ mul->pt () ):
i Max tlme you Can be doWn! muonEta ->Fill({ mul->eta() ):
. . . muonPhi ->Fill( mul->phi() ):
i Max Integrated tlme In a. month! if( rr.'.;'_j>pt.(]>;3 && fiba Err.',.'_f>et,a(] )<2.1 ) {
for(std: :vector<Muon>::const_iterator muZ=muons->begin(}; mu2!=muons->end(); ++mul){

» # of human interventions per day! i (ms2omu1) ( // prevest double conting

if( mul->charge () *mu2->charge(}<0 }{ // check only muon pairs of unequal charge

if( mu2->pt()>20 && fabs(muZ->eta())<2.1 ){

...and we want to read high volume of data at high e e
velocity in a variety of ways © Complex output created by the program(s) ...



Our “Big Data”

Physics Data on CASTOR/EOS
e LHC experiments produce ~10GB/s 25PB/year

Service Size Files

User Data on AFS & DFS AFS 290TB 2.3B

° Homg dlrectorlgs for 30k users cAeTon 29005 oy
e Physics analysis development

e Project spaces for applications FOS 20.1PB 160M

Service Data on AFS/NFS/Filers
e Databases, admin applications

Tape archival with CASTOR/TSM
e Physics data (RAW and derived/additional)
e Desktop/Server backups

T
Tl IlﬂllI“I“\'l“‘\‘\“‘“\“““\ \
Data growth T

I|l|IIlllll\l\\\\\\\\\m&&&&‘
e 2 PB/month over the last 2 years (raw disk
space)

e 4 PB/month new data at the end of LHC phase 1
e Factor of 2 more at the beginning of phase 27?




Xavier Cortada (with the participation of physicist Pete Markowitz), "In search of the Higgs boson: H->ZZ", digital art, 2013.

Staff, fellows and students!

» Staff, fellow and students
— cern.ch/jobs

— Many opportunities for students!
* Physicists & Engineers (incl. Computer science)

— Challenging but exciting!
e Summer Student (Jan/Feb = 8-12 weeks in summer)
* Openlab Summer Students (Jan/Feb - 8-12 weeks in summer)
* Technical Students (2 times per year = 6-12 months)
* ...maybe too early for applying for DG but check out the student pages

- : =
B TN .

Careers at CERN™ kv ‘.

U

: .

Work at CERN Join us Apply now Tips for candidates News Media Corner Intranet

Professionals ﬁ C: Q:T H: K l". G OF
LEADIN G FHYSICIST

FOlHEY HAVE SUVERI
PRIZES BE TWEEN THEM
LS DL LWNLC L Search
Students ?Rk L L
5 pad Current Job Opportuniti
L L] “ERt S /‘\\ A great way to start your career! bl pportunfies

Eociates DA : My Profile
i (AR
S Check Jobs Status
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But finally why so much data?

[ Ldt = Luminosity

It is a measurement of the potential statistics accumulated in the B
collisions over time (here it accounts for the 2011 and 2012 data :'E u 1 ]
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But finally why so much data? =

[ Ldt = Luminosity

It is a measurement of the potential statistics accumulated in the
collisions over time (here it accounts for the 2011 and 2012 data

taking)
Think to the exposure time of a camera when taking pictures

Events with 2 Zs decaying in 2-lepton pairs (here e*e”and p+p- )
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