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High-Energy Physics Computing  bepartment

* | keep six honest serving-men

(They taught me all | knew);
Their names are What and Why and When

And How and Where and Who

» R. Kipling

quando quemadmodum quibus adminiculis

quis quid  cur  ubi
l | I | l I
persona factum causa locus tempus modus facultas
'Iﬁf.'.'.l' ! opinio
I natura noster vulgi mos

opinio iudicum

» Cicerone et al.
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1960:
24 GeV proton in
the 32 cm CERN

hydrogen bubble
chamber
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1972:

Installation of
the CDC 7600
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1983:

Computer centre mainframes
TS (IBM, Siemens, CDC)
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LHC experiments (ATLAS) =T

Department

P \E ATLAS: 7,000 tons, 150 million sensors ¢

generating data 40 millions times per second
n GB/s)
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ATLAS is around than 3,000 collaborators
From 169 universities from 37 countries
| ~1000 students!!!
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CERNIT
7 The role of the CERN Computer Centre

Department

~ 300.000 MB/s ~ 300MB/s
from all sub-detectors Raw Data

m
)
S
]
)

=
(= D D D D

Trigger and data acquisition

1) 1)
") = = = )

Tier-2 Centres

(>100)

Tier-1 Centres
----10 Gbit/s links

CERN Computer Centre

- -

LHCb ~ 50 MBlseci— =~ S
i ATLAS ~ 320 MB/sec - %,

ALICE ~ 100 MB/sec

- e L oms ~220 mBy
CERN IT Department i i
CH-1211 Geneve 23

Switzerland
www.cern.ch/it
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CERNIT

Department

. CMS Experiment at LHC, CERN
CMS :| Run 133877, Event 28405693
Lumi section: 387

Sat Apr 24 2010, 14:00:54 CEST

Electrons p+=34.0,31.9 GeV/c
Inv. mass =91.2 GeV/c2

D ent
CH-1211 Genéve 23
Switzerland
www.cern.ch/it
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BASIC PHYSICS

CH-1211 Genéve 23
Switzerland
www.cern.ch/it

From Physics to Raw Data

f
~
\\ /_
_ = \‘\1'{
f
FRAGMENTATION, INTERACTION WITH DETECTOR
DECAY DETECTOR. MATERIAL RESPONSE
MULTIPLE SCATTERING, NOISE, PILE-UP,
INTERACTIONS CROSS-TALK,
INEFFICIENCY,
AMBIGUITY,
RESOLUTION,
RESPONSE
FUNCTION,
ALIGNMENT,
TEMPERATURE

The LHC Computing Grid - April 2011
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Department

2037 2446 1733 1699
4003 3611 952 1328

2132 1870 2093 3271
4732 1102 2491 3216

2421 1211 2319 2133
3451 1942 1121 3429
3742 1288 2343 7142

RAW DATA
(BYTES)

READ-OUT
ADDRESSES,
ADC, TDC
VALUES,

BIT PATTERNS
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E: From Raw Data to Physics

2037 2446 1733 1699
4003 3611 952 1328
2132 1870 2093 3271
4732 1102 2491 3216
24211211 2319 2133
3451 1942 1121 3429
3742 1288 2343 7142

RAW DATA
CONVERT TO

PHYSICS
QUANTITIES

Wi

DETECTOR INTERACTION WITH
RESPONSE DETECTOR MATERIAL
APPLY PATTERN,
CALIBRATION, RECOGNITION,
ALIGNMENT, PARTICLE

IDENTIFICATION

RECONSTRUCTION

FRAGMENTATION,
DECAY

PHYSICS

ANALYSIS

ANALYSIS

SIMULATION (MONTE-CARLO)
G —

The LHC Computing Grid - April 2011
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e.q

BASIC PHYSICS

RESULTS
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Analysis flow (user view)

CERNIT

Department

Data selection

(quality, type,
config...)

2037 2446 1733 1699
4003 3611 952 1328
2132 1870 2093 3271
4732 1102 2491 3216
2421 1211 2319 2133
3451 1942 1121 3429
3742 1288 2343 7142

RAW DATA

CONVERT TO
PHYSICS
QUANTITIES

-

DETECTOR
RESPONSE
APPLY
CALIBRATION,
ALIGNMENT,

RECONSTRUCTION

P
wf}*"’ Production System

~—_ o { \\\é

INTERACTION WITH

FRAGMENTATION,
DETECTOR MATERIAL A

PATTERN R

. PHYSICS

RECOGNITION, ANALYSIS RESULTS
PARTICLE

IDENTIFICATION

i g User analysis
i ANALYSIS :
—

7773

20 8, 5 8 8 F 8 8 8
S A S

But how this is done in practice? Of course we need CPUs, disks, networks etc..
We cannot rush to the solution yet...

Dataset concept = collection of files. Only a small fraction of data in real DBs (e.g
A\ calibrations)

Ch

WWWar

SIMULATION (MONTE-CARLO) MR =
Lo let
€ Production System
17



CERN Computer Centre: Storage, Distribution ~ CERN|T
and Processing (Reconstruction and Analysis) Department

ittt

LR

i l‘\ : & Géant: the pan-european Research
- “ and Education Network

CERN IT Dy

™ LHCOPN: dedicated links with major
CH-1211 ( - - : '
S == computer centres worldwide
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‘ Home Search KPIs Tags Admin Documentation Help

Computer Centre By Numbers 23 Mar 2011 Wed 21:30:26

Service information
full name: Computer Centre By Numbers
short name: CCBYNUM
group: IT-CF-FPP
site: CERN

«24x7 operator and
system admin support

email: imre.szebenyi@cern.ch . Management and

-
e
0
>
0
0
=

<+
%

+J
w0

—
o)
>
Q

=
)
3)

%
0,

n

manager: Imre Szebenyi & Automation framework
for large scale Linux
Service availability (more) Additional service information (more) clusters
availability: [
. 100% Number of processors: 15,678
percentage: LOU Number of cores: 64,198 *Hardware installation &
status: available ]
Memory capacity (TiB): 158 retirement
last update: 21:20:34, 23 Mar 2011 Memory modules: 55,990 «~7,000 hardware
(10 minutes ago) Raw HDD capacity (TiB): 63,254 movements/year; ~1000
expires after: 1440 minutes Number of HDD's: 64,074 disk failures/year
5 rss feed with status Number of systems: 11,730
- changes Number of RAID controllers: 3,742

Number of enclosures: 1,417
availability in the last 24 hours (more): SPEC CPU2006: 482,431

Number of racks: 827
100

Number of virtual machines: 1,624

0
Wed 00:00 Wed 12:00 Number of Fibre channel ports: 828

Number of 1G ports: 16,936

Number of 10G ports: 558

Current power consumption (kw): 2,506
Current power consumption (kVA): 2,640
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The LHC Data Challenge

Department

The accelerator will run for 20 years

€oncorde

* Experiments are producing about 75 km
15 Million Gigabytes of data each
year (about 20 million CDs!)

e LHC data analysis requires a
computing power equivalent to
~100,000 of today's fastest PC =y
processors | Economist

Genetically modified crops bloss
The right to eat cats and dogs

: * Requires many cooperating The data deluge
i computer centres, as CERN can only [T e

provide ~20% of the capacity

.........

A challenge for physics... o

i

CERN IT Department ... and a challenge for technology
CH-1211 Genéve 23 L
Switzerland resea rch and indust ry as We” A iy

www.cern.ch/it
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COMPASS IN 2011 Department

Run 2010 - Collected data to CASTOR
TB MB/s

2500 350
2000 'I el 280
) bt I
1500 I r N ﬁ ) “ V'V 210
1000 - nva Vv / 140
500 - - 70
0 I‘J T T T T T T T T T T 1 1 0
5 > > > £ £ 35 35 ©® © o o g B 2 2 9
....... < = 223323223328 & S 6 2 2 8§
€ - e ;2828 Fgege gy o

----------------- . —|ntegral Growth — Data-to-Tape Rate

h\““‘\\w\ \

CERN IT Department
CH-1211 Geneve 23

Switzerland
www.cern.ch/it . . )
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CERNIT
exam ple Department

1990s:
The web was invented at CERN!

The machine used by Tim
Berners-Lee in 1990 to develop
and run the first WWW server,
multi-media browser and web
editor.

I”

“Historica

CERN IT Department
CH-1211 Genéve 23
Switzerland

.cern.ch/it
www.cern.ch/i The LHC Computing Grid - April 2011




: : CERN
A new solution: the Grid L-Epartmem

e Use the Grid to unite computing resources
of particle physics institutes around the

world

The World Wide Web
provides seamless access
to information that is
stored in many millions of
different geographical
locations

The Grid is an
____________________ infrastructure that provides
et seamless access to

,,‘,‘,.,',4:,:_" computing power and data

cern T Department | STOFAQE CaApACity

CH-1211 Genéve 23

Swizeind distributed over the globe
www.cern.ch/it
The LHC Computing Grid - April 2011 23
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: : : CERN|T
ﬂ WLCG Tiers Organization Department

Tier-0 (CERN):
Tier-2 Centres *Data recording
*|nitial data
Tier-1 Centres . reconsj[ruclztlor)
-~~~ 10 Gbitis links eData distribution

Tier-1 (11 centres):
*Permanent storage
*Re-processing
*Analysis

Tier-2 (~130 centres):
« Simulation
« End-user analysis

CERN IT Department
CH-1211 Geneve 23
Switzerland
www.cern.ch/it
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e : CERN
=7 How does it work? Ll-partmem

* ATLAS
— Not substantially different for the other HEP

experiments
— Heavily simplified...
* What do we want to achieve

— The user wants to specify a subset of the data and
run applications on it (chain of programs reading

...... intermediate outputs)

— Only at the end of the chain data sizes and

computational complexity this can be (possibly)

.... done on a |apt0p

i * 1000+ of physicists worldwide after the same data

CERN IT Department
CH-1211 Genéve 23
Switzerland
25

www.cern.ch/it
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. : CERN
Distributed analysis L-Epartmem

Tier-2 centres
(about 130)

noar lier-1 centres
Nordic oounufles GridKa

i CCIN2P3 i‘.’;

...... ]
LLLLLUUL UL ', 3
. France a - o
SARA-NIKHEF 7 »
. Netherlands TRIUMF

Canada

i
CERN IT Department
CH-1211 Geneve 23

Switzerland
www.cern.ch/it
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Behind the scenes... SRNIT

Department

Data distribution
(asynchronous)

User sitting “anywhere” 4

DDM DDM

DataSet

subscription

=
DataSet

content

Dataset - {f1,f2,...,fn}

rvices

Dataset > {site1,site2,...,sitg e =2 DDM
> DataSet \

replica

CE+Batch system LEC
sy, PaNDA  Payload transfer fj = /ll/ffj.dat <
- -~ > > Physical

EREINES

open/read/write/copy ——>SRM

€ Storage
<€

Monitoring (Dashboard)

myprogram fj

executor

> L7 Liechténstein \
Schweiz
Suisse

P ~ Szekestenervaro
Bourges | ; Berno - »- Magyarorszag
oitiers

S Hungary

3 X
° France ‘ mnne Svizzera < ° ok oce
. p Szeged Arad
L Trento Slovenija 2
Clermont-Ferrand Lyon fioovenie _Zegreb
° - -
i 3 o Brescia Vicenza
Limoges ‘ ecmmbery . 1 = Ril e{(a\,\f“
Saint-| Ebenne Gr egoble Tonno v Verona Venezia &
TLES *‘ Reggio " Ferars Cbee |
Nemnma ,i el Em Bihac
<l £ Bolc (D) Evxah) Hercegovina
*, 4 i < Genova . Bosnia an
Montauban i 2 Avignon
M Pisa Fire San Marino)
Touluse < sucs Montpellier, | nix-en-Provence tacnecs 5 % Itali -
alia
o M lle®  Draguignan Antibes Livorno s Ancona
Carcassonne® Béziers arseiie L ayo
Toulon Perugia _ ©
“ Perpégnan s Foligno
Anasrea a ©  Pescara
SR~ Totpies S °
‘Aquia
R QL
Ueida B
Y- Barcelona e - Foggla
o 4
Latina, Bari
Tarragona © -A0NAn- __Andria © o .
4 Monopoli
Saees Potenza T
o Taranto @ Brndisi
° = o
f Sardegna Lecce: \ore

il Simplified el .

" . Ca\‘sgzam 3
\ One job executed in one cloud
Palermo Messina ._‘o.L
o °
é‘f{éﬁ'& Siciia QCatania
= St Cebglat o OSiacusa

Alger, Bjaia o
L3 s ale Ragusa
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2010 data taking as seen in the CERN CC

Department

Experinents Production Data and Experiments User Data in CASTOR Sto red ~ 1 5 PB in 201 0 With

45 PB TﬂTHL‘ Data VoL T 250 H -
ata Volunme
~ TOTAL Data Volume on tape peaks at 220 TBlday durlng Pb
H i TOTAL Hb Files
~ 48 PB
+Pb
° 1 208 1
2 35 PB
9 Write W Alce
2 250000 W Atlas
2 30 PB [ cme
2 @ Compass
a Jwsow £ )
e 200000 cl

E 25 PB “ W Na6l
[N 'E W Ntof
'E . . W Other
: 20 PB g @ 150000 mY
X {1880 E 3
7} 2 3
‘u') 15 PB g
17} 8 100000
= a
o 18 PB |
) {1 sen
P
hid 50000
T S5PBf
c
[«

8 B L L L . [} 0

1 a1 o1 o1 1 2%, %, 2, %,
Feb Feb Jan Jan Jan “z, “ % %,

2003 2005 2007 208089 2011
Generated Jan 84, 2811 CASTOR {c)} CERN/IT

Time (days)

i Tier-0 Bandwidth
) Average in: 2 GB/s with peaks at 11.5 GB/s
Average out: 6 GB/s with peaks at 25 GB/s

Network utilization

....... e 206 4 . Network utilization

306

2“M
10 G

‘ 10 G

i e

Bytes/s

0
CERN IT Depa 0 > 12: 00 14: 16: 00 8:00 20: 00 22: 00
CH-1211 Gen Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov ® ethO in aver:6.20, max:11.56 myn:1.96 curr:4.9G
Swit: m eth® in aver:2.06 max:6.4G min:257.9 curr:4.3G W eth® out aver:15. DG S0 WAL S EEr L. (Y

www.cel ™ eth0 out aver:6.16 max:13.56 min:562.0M curr:10.06
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WLCG Usage

* Use remains consistently high

1 M jobs/day; >>100k CPU-days/day
— Actually much more inside pilot jobs

25000000

30000000 -

20000000 -

15000000 -

10000000 -

CERNIT

Department

u LHCb
cms

N ATLAS

®ALICE

600000000 -
500000000 -|
400000000 -

4\

— hours/month for WLCG - all

300000000

IR E R IR

CPU time (HS06-hours)

100k CPU-days/dary

I3RS

Apr-10 May-10 Jun-10

Jul-10

Aug-10

Sep-10

W LHCb (T2)

LHCb
m CMS (T2) Production anc Ler CPU usaps
o -4 Sl Sus Sl
o LHCb: CPU at Tier 1s 60% user and
ATLAS 40% reconstruction;
m ALICE (T2) o | % 200 users
_— _ | »30k jobs/day

As well as LHC data, large

simulation productions ongoing
Running jobs per user
L] .
n ‘:' ALICE: >250 users j '.
f':' ~1300 jobs on average over 4 months A
=' » ’ &
s o = nAN .‘ N N
s :: Arg 2W), 115, mas 4563 .ﬂ‘ b!"'.‘ .. ‘. .‘.‘....A 0 ~.i .' . ‘f. ‘.l
» " l 7 \ v
= _.,-M’N\M;J".\-" e - s
m—«-\——ahn

600

480

360

240

e Large numbers of
analysis users

CMS ~800,
ATLAS ~1000,
LHCb/ALICE ~250

== Individual Us«

Winter
Holiday

e 3159 ¢PBRRIEHI9 550 g AP 3996 23 26 29 32

30



: CERN|T
Cooperating effort Department

CPU Delivered - July 2010 - by Tier ° Slgnlﬁcant use Of Tler 25 for
e analysis
B KIT
. — Frequently-expressed concern that
= coinzps too much analysis would be done at
m CNAF
= CERN is not reflected
mPIC
Tier 2 CPU Delivered - July 2010 - by Country=usA m France
M Germany m UK
M [taly M Russian Fed.
°® Tier O Ca pacity \ M Spain H Czech Rep.
M Japan M Poland
: _‘ u n d e ru Se d I n H Sweden m Switzerland
'''' wiiiie | | B Romania H China
I i » ge n e ra m Canada M Portugal
—_— But thls |S ® Hungary = Norway
aipei epublic of Korea
eXpeCted to .;usptria :Zr:el K
i change as = Estonia Turkey
HH lumi nosity Finland Australia
CERN IT Department . Belgium I Brazil
CH-1211 Genéve 23 INnCreases _ _
Switzerland India Pakistan
www.cern.ch/it )
The LHC Computing o - sl
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» Impact of the LHC Computing Grid in Europe

Enabling Grids

Department

for E-sciencE

Archeology
Astronomy
Astrophysics
Civil Protection
Comp. Chemistry
Earth Sciences'
Finance

Fusien
Geophysics

High Energy Physi

LCG has been the driving force for the

European multi-science Grid EGEE (Enabling

Grids for E-sciencE)

EGEE was“a global effort, and the largest Grid

infrastructure worldwide

Co-funded by the European Commission (Cost:
~170 M€ over 6 years, funded by EU ~100M<€)

Now mevmgfa a permanent European 300 sites

Life Sciences
Multimedia .
Material Sciences

48 countries

>200,000 core

>20 PetaBytes

/4% 510,000 users

Sric-computing.
i B 0 S o :'“’

id ~April 28
yid o

>150 VOs
>150,000 jobs/day

B

UK Computing for ParticlePysics




More info:
INFN (Istituto Nazionale Fisica Nucleare):
http://www.infn.it

IGI (Italian Grid Initiative): http://
www.italiangrid.org/

Tier-2 Centres
(>100)

Tier-1 Centres
- - - - 10 Gbit/s links
GridKa

CCIN2P3 =’ o =
Lyvw. Fracem ii -’ ['

>
4
TRIUMF
INFN - CNAF  vansss Conata
2okzgra ltaly

The LHC ComptﬁgGrid - April 2011

Italian Grid Infrastructure
Production and Training sites

Computing power

Total: 25446 kspi2k

INFN-Pad CNR-ILC-PISA|
-Padova
INFN-Padova-CMS 2:5::::)2%0“
INFN-Milano-ATLASC  GILDA-Padova Ba -
(] ™ W ENEA-INFO
: M ESA-ESRIN
INFN-Torino INFN-Pavia INFN-LNL2 e
L] INFN-Parma 1 . y M INFN-BOLOGNA
L] L7k e INFN-CAGLIART
INFN-Genova INFN-TIER1 gy ( DT
P INFN-CNAF INFN-CNAF
INFN-CNAF-LHCB B INFN-FERRARA

INFEi¥Sologna W INFN-FRASCATI

INFN-GENOVA'
INFN-FPisa o CIRMMP-Firenze Ty
.l‘ r INFN-LNS.

() CNR-PROD_—PISE INFN-MILANO
CNR-!I_.C-sza 1B INFN-NAPOLL
SNS-Pisa .UNIPG INFN-NAPOLI-ARGO

'd INFN-Perugia INFN-NAPOLI-ATLAS
INFN-NAPOLI-CMS
INFN-Romal INFN-NAPOLI-PAMELA
INFN-Romal-CMS
INFN-Romal-TEO
INFN-Romal-VIRGO
INFN-Roma3
]

r-tnfragurscins

ULITETSILESFTETITPEVET A} B INFN-Frascati

ESA-ESRIN

. V ane €y 0 ‘g €

Unbszrainzs and Camputing Canees GRISU-ENEA-GRID oy o o

INFN-Napoli-ARGO

INFN-Napoli-ATLAS

ke ¥, INFN-Napoli-CMS
:- INFN-Napoli-PAMELA

) GRISUNSBERSRRECAONAM)
(i PV

IGI INFRASTRUCT ==
IN NUMBERS
lqt
54 sites 1100 users
13883 cores 50 VOs
5 PB Disk storage 13k job/year
5 PB Tape storage 10 application domains

Computer resources
installed

%

Total: 14212 cores

Disk space installed

Total: 5 PB

1 INFN-PADOVA M SNS-PISA-

B INFN-PARMA SPACI-CS-TAG4
INFN-PISA M SPACI-LECCE

W INFN-ROMAL ' UNI-PERUGIA-

1 INFN-ROMA1-CMS M CIRMMP

M INFN-ROMAL-TEO CCYBERSAR-CAGLIART

M INFN-ROMA1-VIRGO M INFN-MILANO-ATLASC
INFN-ROMA3 W INFN-PAVIA

WINFN-TL M SISSA-TRIESTE
INFN-TORINO M SPACI-NAPOLI

B INFN-TRIESTE B UNINA-EGEE

]
INFN-Bari




CERN|T

Department

Always reuse the same
pattern:

1. Divide the problem in
small task that can be
distributed independently

2. Distribute these tasks to
“dumb” workers (Grid
processes)

nnnnnnnnnnn
lllllllllllllllll
nnnnn

,,,,,,, e \’ W A2k 3. Recollect the results......

W

1}’4;1
LTI

i “‘U [K',.ln
e snones Research Center

CEIT Department
CH-1211 Genéve 23
Switzerland

httpv/feerfi.ch/ganga

http://cern.ch/DIANE
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Department

AWl

Information Society

Technologies

) sesneous ]

leasutement of

Dynamic measurements of the Pulmonary Tru & Temporal Modeling
! nporal Modeling

ulni@Rary Trunk e Temporal
% - - Modelling
:!F N L :“; 5 R3S
— a . i Y\ g =\
W vodogy — . cHup
Automatic : o ==

Visual Data

Mining
» W)
Virtual Volume Reduction Surgery
. e = Genetics
A Profiling
- Siemens =
v Example: treatment response
Treatment
Response
| cHup

———— °
3]
* N N Temporal reasoning: Inferring outcome
| ‘ ‘ y —Child ( — e — o ————— — —
% 3
’ 4 o T ¥ -
y . .
\
’
y

NN - Semantic

Inferring

; - Outcome
Browsin ‘: S \ ~
CERN IT Department g \\\la / A
CH-1211 Genéve 23
Switzerland
www.cern.ch/it Biomechanical Models
35 Health-e-Child

Tumor Growth Modelling
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lem:
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o and

(international —
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int: - 40°S I { S

ependability: Figure 1 _ DIANE R&D Project
. The extent of the planning area for the RRC-06 Master hitp:cernchVDIANE
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DNS
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Worker
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SRR
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CERN IT Department
CH-1211 Genéve 23
Switzerland
www.cern.ch/it

! Soil & Water
Assessment Tool

{32

L) 1\

Use the grid to study
large
/ parameter spaces and

SEVENTH FRAMEWORK
PROGRAMME

AAAAA

simulate
BERE ,’ different scenarios

Infiltration/plant uptake/ Soil
moisture redistribution

| |
Revap from shallow Percolation to

aquifer shallow aquifer

Flow out of watershed

Recharge to
deep aquifer
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Department

For more information about the Grid:

y GGG

‘LCG =nabling Grids
.'. for E-scienckE
www.cern.ch/lcg www.eu-egee.org

ce

www.eu-egi.orq/

(e www.gridcafe.org

\\\\\\\

i | .
cEr 1T Deormens Thank you for your kind attention!

www.cern.ch/it
The LHC Computing Grid - April 2011 38



[/
000 CERN e-Recruitment Home Page
anb 9 ® o https://ert.cern.ch/browse_www/wd_pds?p_web_site_id=1

Old ~

=

wi V) = (Gl wiki computer centiQ )

Gmail GCal Docs News~ Bank~ RW~ Dicty Mix~ Ubuntu and Free S... ¥ Latest Headlines g ap p Python ~

e-Recruitment

HR Home | Site map | Contact us | CERN Home
I} I}
BVacancIes  All CERN '~ HR Department ( Search ) \ /
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Based near Geneva, CERN is one of the world's
premiere scientific research laboratories. Created in
1954, it houses the world's largest particle physics

faciity where scientists and engineers seek to

understand the Laws of Nature

CERN grabbed headiines in September 2008 with the
first tests of its Large Hadron Collider, an underground
tunnel spanning more than 17 miles under Switzerland
and France. Once fully operational, CERN will be able
1o replicate the moment of Creation or what's referred to

as the 'bia bana." While proponents of CERN see this
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