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Large Hadron Collider and Experiments ST
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The LHC is addressing fundamental questions
of contemporary particle physics and cosmology:
- Origin of mass — the Higgs mechanism
- What is dark matter?

i - Matter — antimatter asymmetry? ||,|

| - Matter in the early universe ? 9
- hints for Quantum Gravity ?? ' y
- Dark Energy ??7? ity «

A |
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Karlsruhe Institute of Technology

Particle Physics is international teamwork \‘(IT

orkg @ern?290 institutes fromEurope, ~ 6349 Users
318 institutes elsewhere, ~ 3766 Users
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Particle Physics international T

Karlsruhe Institute of Technology

| ( .

MEMBER STATES

AUSTRIA 68

BELGIUM 100

BULGARIA 39

CZECH REPUBLIC 174

DENMARK 57

FINLAND 97

FRANCE 838

GERMANY 962

GREECE 87

HUNGARY 43 :

ITALY 1475 OTHER STATES

NETHERLANDS 171 CUBA 6 MALTA SRI LANKA
NORWAY 74 ARGENTINA 10 CYPRUS 7 MEXICO TAIWAN
POLAND 168 OBSERVER STATES ARMENIA 17 ESTONIA 12 MONTENEGRO THAILAND
PORTUGAL 104 B8 \DIA 94 AUSTRALIA 15 GEORGIA 11 MOROCCO UKRAINE
SLOVAKIA 46 ISRAEL 57 AZERBAIJAN 4 GHANA 1 NEW ZEALAND UAE.
SPAIN 278 JAPAN 192 BELARUS 18 ICELAND 2 PAKISTAN VIETNAM
SWEDEN 72 RUSSIA 905 BRAZIL 68 IRAN 13 PALESTINIAN TERR.
SWITZERLAND 341 TURKEY 61 CANADA 127 IRELAND 10 ROMANIA

UNITED KINGDOM 666 USA 1447 CHILE 8 KOREA 51 SAUDI ARABIA

CHINA 68 LITHUANIA 10 SERBIA
5 8 6 0 l 27 5 6 COLOMBIA 12 MADAGASCAR 1 SLOVENIA
CROATIA 22 MALAYSIA 1 SOUTH AFRICA
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Grid for LHC AT
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® Given the international and collaborative nature of HEP
Computing must be distributed
—> harvest intellectual contributions from all partners,
also funding issues

e Early studies in 1999 (Monarc Study group) suggested
a hierarcical approach, following the typical data reduction
schemes ususally adopted in data analysis in high enery physics

@ Grid paradigm came at the right time and was adopted by
LHC physicists as the base line for distibuted computing

@ Major contributions by physicists to developments in Grid computing

® Other HEP communities also benefit and contributed

Fakultat far Physik
Institut fur Experimentelle Kernphysik
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WLHC Computing Grid in action -\\J(IT

A truly international, world-spanning Grid for LHC data processing, simulation and analysis
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WLHC Computing Grid in action AT

Karlsruhe Institute of Technology

@GGG Source: http://rtm.hep.ph.ic.ac.uk/webstart.php

Enabling Grids
for E-sciencE

Grid~F

UK Computing for Particle Physics

A truly international, world-spanning Grid for LHC data processing, simulation and analysis

GridKa School ¥ g g Fakultat fiir Physik
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Organisation of the World-wide LHC computing Grid AT

Karlsruhe Institute of Technology

gi VWorldwide LCG Organisation

LHC Committee - LHOG e ]

scientific Heview Funding Agencies

Collaboration Board — CB
Expenments and Regional Centres

Ciwveryview Board - OB

f

Management Board - MB
VManagerment of the Project

X e
Architects Farum rid Deployment Board
Coordination of Croordination of
Crorrirnon Aonic ations Srd Operation
Physics Distributed Girid T
Applications A ctivite Areas Analysis & it LI
=oftware v Srid Support CiE e Pl

Grids can't work without an organisational structure representing all parties involved
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Structure of the LHC Grid A\j("

Karlsruhe Institute of Technology

itz lu*.u:-: ‘ . \
B i | in Raroa
A grid with hierarcies e f} i R — ‘
and.dlfferent tasks = J_ P ‘-1 \- /
at different levels x{" ‘\; = ‘ U ks
o " cridka ~|
\ ELITF o
In addition, it is a P o
“Grid of Grids” with /» \/ a\
interoperability between ¢ gyl '- CHAR I Witz
different middlewares: -. Urbcdas | . hih- ;
- EGEE middleware ~ “5._ .~ & Y Vs
in most of Europe ey = ./
- Open Science Grid {OmL T =
in USA Weden ] amon ML (@&
- NorduGrid in Northern Yo o B P
Umla ‘_I'_(\ i _ ] L --.._.d-"'-
Europe |

- Alien by the Alice collaboratiodum‘ M S e [ Tier 213
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LHC Experiments are huge data sources ﬂ("‘

* ~ 100 Millionen detector cells
e LHC collision rate: 40 MHz
* 10-12 bit/cell

— ~1000 Thyte/s raw data

* Zero-suppression and Trigger
reduce this to

Lonly" some 100 Mbyte/s

e 7
Co/zyS/CS /O'@ . .
My Grid computing
d ideal for the job !
10 GridKa School Gunter Quast ~ LHC Computing Grid today T e

Sept. 2011 Institut fur Experimentelle Kernphysik



What Particle Physicists do on the Grid

EXPERIMENT

AT

Karlsruhe Institute of Technology
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SOFTWARE &
Y ; j ALGORITHMEN
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LakaLER PC

VERTEILTE
RECHNER-RESSOURCEN

LOKALER CLUSTER

@ CPU-intense simulation of particle physics reactions and detector response
@ processing (=reconstrucion) of large data volumes
@ |/O-intense filtering and distribution of data

@ transfer to local clusters and workstations for final physics interpretation

1 GridKa School
Sept. 2011

Glnter Quast

LHC Computing Grid today
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Experimental HEP codes -

key characteristics:

modest memory requirement
(~2GB) & modest floating point

- perform well on PCs

independent events
- easy parallelism

large data collections (TB - PB)
shared by very large collaborations

GridKa School ) : g Fakultat fir Physik
Sept. 2011 SULIERR L =nle Gaig g (eli) ey Institut fir Experimentelle Kernphysik



Karlsruhe Institute of Technology

WLCG: Grid with hierarcical structure ﬂ("'

Tier-0 ¢he accelerator centre

. Data acquisition & initial processing
4 Long-term data curation

s«  Distribution of data to T1/T2

Tier-1 11 Tier-1 Centres

s “online” to the data acquisition process
—>high availability

s Managed Mass Storage
—> grid-enabled data service

s Data-intensive analysis
s National, regional support

Tier-2 150 Centres in 60 Federations in 35 countries
J End-user (physicist, research group) analysis & collaboration with T3
(= institute recources) — where the discoveries are made
. Monte Carlo Simulation

Tier-3 several 100 grid-enabled PC clusters @ institutes

13 GridKa School ) : g Fakultat fir Physik
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Grid Structure ﬂ("‘

Example: CMS computing model

7 Tier-1 .
centres _ ~50 Tier-2
centres

=HOAR IS N R NI

M REEESE T A
_ R kullt] — g B
!'.-...-.‘_ u e Foei e ! o oo ST
I = RN | PeEnidkn

Abigs bea I Thard & Tierd § Tierd

Frmemn 11 [ = Y R T .

! Rhit i T P Pearnznzn

F P == \ D fnine ol

i e et 11 Attt Tlar2 § Tler2 § Tler z
mriklom 1 ‘-I_:_,Ju | Turd .

S F N RMNRECT] :

o S RS BB e

CERN | o Tier 2 §f Ther 2 § Tier 2
Tier 17 Tier 2 o Tier 4 @00 ¥

LHC-Experiments
- typically share big Tier-1s, take responsibility for experiment-specific services
- have a large number of Tier2s, usually supporting only one experiment
- have an even larger number of Tier-3s without any obligations towards WLCG

14 GridKa School 0 i - Fakultat fiir Physik
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Typical workflows on the Grid
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Karlsruhe Institute of Technology
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GridKa School
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How big is WLCG today ?

CPU (kHS06) T0 - T1 - T2

800000
700000

600000 |
500000
400000
300000

200000
100000

0

80000
70000
60000
50000 |
40000
30000
20000
10000 ~

2012

Disk (PB) TO- T1- T2

2010 2011 2012

)

10

Karlsruhe In:

stitute of Technology

Total CPU 2011:
1500 kHS06

approx. equiv.
150'000 CPU cores

Total Disk 2011:
130 PB,
same amount as
Tape Storage 2011:
130 PB
(40 PB at CERN,
none @ T2s)

2012 numbers still being negotiated !

The largest Science Grid in the World

16 GridKa School Glinter Quast LHC Computing Grid today

Sept.

2011
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A closer look to the surroundings of GridKa _\ﬂ(IT

Sept. 2011

'\ GridKa supports >20 T2s in 6 countries,
provides ~15% of WLCG T1 resoucres

e
DESY Hamburg
ok -l
Midnster DESY Poznan
* P 5B Zeuthen (PCSS)
GoOfttingen
@ Dortmund
r. Wuppertal
@ ®FHG scal
Aachen
y a . e Prague
| FHG ITWM GSI| Darmstadt
EEY ® f
Uni Karlsuhe
- Wien &
Frelburg Mg‘llch €
@ R
;i E:_'r-lnn:bruck €
cscgu‘nno
= ﬁ i
17 GridKa School Giinter Quast ~ LHC Computing Grid today
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Krakdéw

~ (Cyfronet)

Alice T2
sites in @

Russia

Most complex
“T2 cloud” of
any T1in
WLCG
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The World-wide LHC Computing Grid T
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After almost 2 years of experience
with LHC operation:

How well did it work ?

18 GridKa School ) : g Fakultat fiir Physik
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Almost 2 years of experience - Did it work ? ST

Karlsruhe Institute of Technology

Up to the users to give feedback:

D. Charlton,ATLAS, EPS HEP 2011

Computing Grid Delivers Physics

Tier-1 and Tier-2's process -3 M
jobs per day

* simulation

* re-reconstruction (campaigns)

» group production (ntuples...)

* physics analysis

The high quality computing
system allows us to show
results on data taken until the
end of June

Payback for the years of
investment and hard work

19 GridKa School Glnter Quast
Sept. 2011

Production jobs running at CERN Tier-0 vs time

i A
|'|‘|ill. o
Mar L6

analysis
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LHC Compu“ng Grid tOday Institut fur Experimentelle Kernphysik



Did it work  (2) T

Karlsruhe Institute of Technology

G. Tonelli, CMS, EPS HEP 2011

*Smooth Tier-0 operation, keeping up with the data taking. Increase in Tier-1
utilization, for reprocessing and skimming jobs; High usage of Tier-2 for analysis,
>400 (800) individual users per week (month). More than 5.4 Billions MC events.

Terminated jobs

CMS PhEDEx E Ti'ansfer Rate 1.800,000 67 Weeks from Week 13 of 2010 to Week 28 of 2011
a0 52 Wf!eks fro.m Weeklzg of 20]10 to W:Eek 29 ?f 2011 : S T T T T
Lecooe T2 analysis and simulation jobs I
1400.000 b 2 [

L200.000

L000.000

800,000 |-

600,000 = L

400,000 B

& == 3 = = ==s===5
Aug2010 Sep2010 Oct2010 Now 2010 Dec 2000 Jan 2011  Feb 20011 Mar 2011 Apr2011 May 2011 jun2011 i 2001 Jun 2010 Sap 2010 Dec 2010 Mar 2011 n 2011

o . MG in 2010/2011: Simulated Events per Month
Efficiency based on successffailures
67 Weeks from Week 13 of 2010 o Week 28 of 2011

i B Events, total —5.41 Bllon AW events
1 500,000,000
1_Es_Pi 400,000,000
TI_FR_CCIMNZP3 | 300,000,000
T1_AT_CMAF | I 200,000,000
- T - L1
) ! ' II , N

BO0, 000,000

—_— I | [ éf 5§ : E % 3 f % E X % § ¥ ; - 3
- ) a Miar 2011 n 2011 = & E £ Z I:
G. Tonelli, CERN/INFN/UNIPI HEP 2011 _GRENOBLE July 25 2011 36
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Did it work ? AT

Karlsruhe Institute of Technology

Obviously it did!

- Grid infrastructure for the LHC performed extremely well
- physics results from freshly recorded data
- but: effort for running computing infrastructure is high!

There are challenges ahead!

Let's have a look in detail ...

21 GridKa School ) : g Fakultat fir Physik
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Data Export Rate from CERN ST

Karlsruhe Institute of Technology

Averaged Throughput From 03/04/11 To 03/09/11
V0-wise Data Transfer From CERN-PROD To All Sites
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Daily data export from CERN

AT

Karlsruhe Institute of Technology

23

Sept. 2011

GridKa School

Ageresate Data Movement From 03704511 To 03709511
YO0—wise Data Transfer From CEEMN-PROD To All Sites
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Data Export from T1: example: CMS @ KIT

120

CMS PhEDEX - Transfer Rate

26 Weeks from Week 10 of 2011 to Week 36 of 2011
| |

AIT

: of Technology

100

Transfer Rate [MB/=s]
2
L

20 =

B T2_CH_CERM

B T2_CH_CAF

[ T2_Us_UCsD
T2_UK_SGrid_RALDP

[ T2_CN_Beijing

1 T2_FR_GRIF_IRFU

0 T2_T_Legnaro

B TZ_EE_Estonia

B T2_RU_IHEP

B T2_UK_SGrid_Bristol

GridKa School
Sept. 2011

[ T2_FR_CCINZP3

Maximurm: 117.5% MB/s, Minimum: 2.32 MB/s, Average: 40.60 MB/s, Current: 11.49 MB/s

Glnter Quast

Jun 2011

Apr 2011 May 2011
Time
T2_US_Florida 11 T2_US_Vanderbilt
[]T2_HU_Budapest B T2_DE_DESY
L1 T2_TW_Taiwan B T2_US_Wisconsin
[ T2_FR_GRIF_LLR B T2_RU INR
B T2_RU_RRC_KI CIT2_RU_INR
B T2_AT Vienna B T2_US_Mebraska
B T2_T Bari [ T2_DE_RWTH
1 T2_RU_SINP [ T2_BR_UER)
B T2_PL Warsaw B T2_UA_KIPT

B T2_PT_NCG_Lisbon

jul 2011

W T2 T _Piza
U T2_US MIT
B T2_US_Purdue
[ T2_CH CSCS
[ T2_ES_IFCA
B T2 BE UCL
B T2_BR_SPRACE
[ T2_BE_IIHE
T2 PT_LIP Lishon
[ T2_RU_ITEP

LHC Computing Grid today

Aug 2011

Sep 2011

1 T2_US_Caltech

[ T2_UK_Londorn_IC

B T2_IN TIFR

B T2_FR_IPHC

0 T2_UK_London_Erunel
T2_IT_Reme

[ T2_ES_CIEMAT

1 T2_TR_METU

[ T2_KR_KNU

Fakultat fur Physik
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Data Import T2->T1 (MC): example CMS@KIT ﬂ("‘

CMS PhEDEX - Transfer Rate

26 Weeks from Week 10 of 2011 to Week 36 of 2011
| | |

: of Technology

35 =

25 =

20 =

15 =

Transfer Rate [MBis]

10 =

-3

M T2_DE_RWTH
B T2_IT_Bari

[ T2_ES_CIEMAT
1 T2_CM_Beijing

GridKa School
Sept. 2011

Apr 2011 May 2011 Jun 2011 Jul 2011
Time
| I T2_DE_DESY I T2_CH_CSCS W TZ_PL_Warsaw
T2 _Us_ Wisconsin B T2_US Purdue L T2_UA_KIPT
[1T2_US_UCSD B T2_US Caltech B T2_US_MIT
[ T2_FR_GRIF_IRFU B T2_EE_Estonia [] T2_BR._UER

Maximum: 35.51 MBfs, Minimum: 0.00 MB/s, Average: B.19 MB/s, Current: 0.03 MB/s

Gunter Quast LHC Computing Grid today

Aug 2011 Sep 2011
1 T2_IT_Rome
[Tl T2_FR_GRIF_LLR
B Tz _IT Pica

B T2_AT Wienna
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Processed Jobs ATLAS ﬂ("‘

te of Technology
Running jobs
30 Days from 2011-08-04 to 2011-09-03
T T

180,000 I : I

160,000

140,000

120,000

100,000

80,000

40,000

20,000

2011-08-062011-08-09011-08-12011-08-152011-08-18011-08-2T2011-08-242011-08-272011-08-302011-09-02

W BML-ATLAS EMWT2 UC [NIFZK-LCG2 W AGLT?2 INFN-T1

WINZP3-CC [ TAIWAN-LCG?2 FRAL-LCG2 B CERN-PROD W GRIF

B HDGF-T1 [LRZ-LMU [ CYFROMNET-LCGZ [CUKI-NORTHGRID-MAN-HEM ZP3-CC-T2
[[IDESY-HH M SIGNET B UKI-LTZ2-QMUL CTOKYO-LCGZ W SE-SMIC-T2

M swT2 CPB B UKI-SCOTGRID-GLASGOWNIKHEF-ELPROD BiNFN-NAPOLI-ATLAS  IMIFAE

[ sARA-MATRIX CIMPPMU [JUKI-LTZ-RHUL ClIFIC-LCG2 B GOEGRID

[IPIC [JUNI-DORTMUND Bwrz B TRIUMF-LCG2 [ |WUPPERTALPROD

B FPRAGUELCG?2 M UKI-NORTHGRID-LANCHBHERSCINETT2 EIN2P3-LPC BUTA SWT2

B C5CS5-LCG2 [FUNI-FREIBURG CIRO-07-MIPNE [IINFN-MILAND-ATLASC EUKI-SOUTHGRID-RALPP
[ DESY-ZM BIN2P3-LAPP MUKI-SCOTGRID-ECDF  OU_OCHEP_SWT2 . plus 54 more

Maximum: 177,292 , Minimum: 43,131 , Average: 79,788 , Current: 85,226
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Pocessed jobs success rates (ATLAS) ST

Karlsruhe Institute of Technology

Terminated Jobs per site
BML-ATLAS

FZK-LCG2
RAL-LCGZ

CERN-PROD

IN2P3-CC

INFN-T1

AGLTZ

MWT2_UC

GRIF

TAIWAN-LCG2
LRZ-LMU
SARA-MATRIX
TOKYO-LCG2

PIC

NIKHEF-ELPROD
DESY-HH

IN2P3-CC-T2
UKI-SCOTGRID-GLASGOW

TRIUMF-LCG2

UKI-LTZ-QMUL i | i i n
0 500000 1000000 1500000 2000000 2500000
[ terminated m app-successful o app-failed m site-failed m aborted o canceled app-unknown
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Processed Jobs -

70,000 I

CMS AT

te of Technology
Running jobs
30 Days from 2011-08-04 to 2011-09-03
T T
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50,000

40,000

30,000

20,000

10,000

2011-08-062011-08-09011-08-12011-08-152011-08-18011-08-2T2011-08-242011-08-272011-08-302011-09-02

W T1 US FNAL
[ T1_IT_CNAF

B T2 _US Nebraska

W T2 _FR_CCINZP3

B T2 UK SGrid RALPP
B T2 FR_GRIF_LLR

B T2 PT_NCG_Lisbon
B T2 EE Estonia
[1T2 BE UCL

B T2_IT_Rome

GridKa School
Sept. 2011

T2_US Purdue MT1 UK _RAL T2 US MIT MT3 US_FNALLPC
M T2 US Florida T2 us wisconsin B T1_FR_CCIN2P3 B T2_DE_DESY
BTl DE KIT T2 FR_GRIF_IRFU [HT0 CH CERN [1T2 us_caltech
B T2_DE_RWTH T2 UK _London_IC B T2_IT_Pisa BTz ES_IFCA
T2 US UCSD B T3 UK London_QMuUL [IT1_TW_ASGC BTl _ES PIC
BTz _RU JINR W12 CH Cscs T2 _BE_IIHE T2 _ES_CIEMAT
M T2_FR_IPHC M T2 BR SPRACE BMT2 T Legnaro [[1T3_U5S_NotreDame
M T2 UK London Brunel T3 US Colorado BMT3_FR_IPNL BT2 CN_Beijing
ET2_FI_HIP W73 Us TTU BTz US Vanderbilt BT2 1T Bari
BTz _KR_KNU BT3 T Trieste BT2_TR_METU -.. plus 37 maore

Maximum: 65,452 , Minimum: 33,647 , Average: 48,783 , Current: 45,065

Glnter Quast
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Processed Jobs success rates (CMS) ST

Karlsruhe Institute of Technology

Terminated Jobs per site

T2_U5_Wisconsin
T1 US FMAL
TO_CH_CERM
T3_US_FMALLPC
T2_US Purdue
T2_DE_DESY

T2 _US Nebraska

T1 DE_KIT
T2_US_MIT
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T2_UK_SGrid_RALPP
TL_IT_CNAF
T2_US Florida
T2_DE_RWTH
T2_Us UCsD
T1_Uk_RAL
T2_U5_Caltech
T2_ES_CIEMAT

T1_TW_ASGC

T2_IT_Legnaro | | | | E
0 200000 400000 G00000 800000 1000000
[ terminated m app-successful o app-failed m site-failed mm agborted o canceled app-unknown
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Job success rates @ T2s

zzzzzzzzzzz

nnnnnnnnnnnnnnnnnn

AT

Karlsruhe Institute of Technology

(CMS T2s shown here
ATLAS looks similar )

T2s see a mixture of

- MC production jobs
- user analyis and skimming jobs

Job success rates not in all cases
above 90%

90% success rate would be considered
very low for a classical computer centre

This must improve ...

Not easy to disentangle failures of
the system from “user errors”

L
nnnnnn

nnnnnnn
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Site Reliability (examples) UT

Karlsruhe Institute of Technology
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T2_UK_London_Brunel
T2_IT_Rome
T2_HIU_Buiclap =t | Karlsruhe Institute of Technology
T2_PT_NCG_Lisbon
T2_KR_KNU
TZ_IT_Legnaro
T2_FR_GRIF_IRFU
TZ_RU_ITEP

“Availability” of CMS T2 sites = prus

T2 RU_PN P\

T2 DeI’fOI’manCG Site Availability, last 31 days ﬂ(IT

T2_RU_| Sy —————————————————
T2_ES_CIEMAT e
T2_US_Caltech _ ——————————

There are sites with T2 et
peroformance issues ! e

Typically, less well

. . T2_US_Florida
performing sites are
TZ_DE_DESY

TZ_IT_Bari

very small !
T2_UK_SGrid_RALPP

T2_US_UCSD

T2_TW_Taiwan

T2_FR_GRIF_LLR

T2_UK_London_IC

T2_BE_UCL

T2_BR_UER]

T2_UK_SGrid_Bristol

T2_PK_NCP

T2_FR_IPHC

T2_DE_RWTH

T2_US_Purdue

T2_US_Vanderbilt

T2_EE_Estonia

TZ_US_Wisconsin

T2_PT_LIP_Lisbon

T2_BE_IIHE

T2_UA_KIPT

TZ_AT Mienna

T2_RU_SINP

T2_PL_Cracow

T2_RU_RRC_KI

TZ_PL_Warsaw
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T2 Perfromance — ATLAS example T

Karlsruhe Institute of Technology

Site Availability using WLCG NAGIOS

30 Days from 2011-08-04 to 2011-09-03

AGLT2
Australia-ATLAS
BEIJING-LCG2
BML-ATLAS

BU ATLAS Tier2
CA-ALBERTA-WESTGRID-T2
CA-SCINET-T2
CERN-PROD
CSCS-LCG2
CYFROMET-LCG2
DESY-HH
DESY-ZN
EELA-UTFSM
FZE-LCG2

GRIF

GoeGrid
HEPHY-UIBK
IFIC-LCiG2
ILTAU-HEP
IN2P3-CC
IN2ZP3-CPPM
IN2ZP3-LAPP
IN2P3-LPC
IN2P3-LP5C
INFMN-FRASCATI
INFN-MILANO-ATLASC -
INFN-MNAPOLI-ATLAS
INFN-ROMAL
INFM-T1

mep ([T

llinoisHEP
JINR-LCG2

LP-Coimbra Sy | | . A Y .
up-Lisbon [ || [ | ||

LRZ-LMU
MPPMU
MWT2_UC
NCG-INGRID-PT

33  GridKa School ) : g Fakultat fir Physik
Sept. 2011 SULIERR L =nle Gaig g (eli) ey Institut fir Experimentelle Kernphysik



T2 Performance Atlas (cont'd) T

Karlsruhe Institute of Technology

NDGF-T1
MIKHEF-ELFROD
PSMNC

RAL-LCGZ
RO-02-NIPNE
RO-07-NIPNE

This is an example of a

RU-Protvino-IHEP

time-resolved measurement “soice

of site avaiability w2 co

TOKYO-LCG2 |

TR-10-ULAKBIM

Message similar as TRIUMF-LCG2 [
previously. 62

UAM-LCG2 ||

UKI-LT2-Brunel (B | | | |

UKI-LT2-IC-HEP

UKI-LT2-QMUL o
uki-r2-RHUL R | I -
UKI-LT2-UCL-HEP T B
UKI-NORTHGRID-LANCS-HEP [

UKI-NORTHGRID-LIV-HEP .

. . UKI-NORTHGRID-MAN-HEP
This kind of graphs helps s emcuosier e
UKI-SCOTGRID-DURHAM

the Slte responS|b|eS ‘to UKI-SCOTGRID-ECDF

UKI-SCOTGRID-GLASGOW

. . . UEI-SOUTHGRID-BHAM-HEP
monitor their sites and
UEI-SOUTHGRID-OX-HEP

act on problems.

UNI-DORTMUND | |
UNI-FREIBURG
UNI-SIEGEN-HEP
UNIGE-DPNC

Provided centrally wcrom s
wEiZMaNn-LcG2 | | | | |
by WLCG g

and expriments ! "=

- .
ru-Moscow-SINP-LCG2 A
m

ru-PNPI
wuppertalprod ]
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Again: Does it work ? ST

YES'!

® Routinely runing ~150'000 jobs simultaneously on the Grid
® Shipping over 100 TB/day to T1 centres

@ data distribution to T2 works well

® some T2s have performance issues

@

very little is known about T3 usage and success rates -
responsibility of the institutes

® plenty of resources available at LHC start-up,
now approaching “resource limited operation”

@ Users have adapted to the “GridWorld” -
Grid is routinely used as a huge batch system, output is transferred home

but ...
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Does it work? .ﬂ("

Karlsruhe Institute of Technology

Message:

it worked better than expeced by many,

but running such a complex computing infrastructure
as the WLCG is tedious (and expensive!)

Reliability and cost of operation can be improved by
e simpified and more robust middleware

e redundancy of services and sites,
requires dynamic placement of data and investment in network bandwidh

¢ automated monitoring and triggering of actions
e use of commercially supported approaches to distributed computing:
- private clouds are particularly important for shared resources at universities

- eventually off-load simple tasks (simulation, statistics calculations) to
commercial clouds

Many of the new developments were addressed at this School

Let's have a look at some future developments ...
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L HCONE AT

ttttttttttttttttttt f Technology

ATLAS and CMS
computing models differ slightly

CMS already more “distributed”

Aim of LHCONE project is

better trans-regional networking for data analyis,
complementary to LHCOPN network connecting LHC T1s

- flat(er) hierarchy: any site has access to any other site's data
- dynamic data caching: pull data “on demand”

- remote data access: jobs may use data remotely

by interconnecting open exchange points between regional networks
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LHCONE (2) AT

ttttttttttttttttttt f Technology

o I R R R R o i

Aggregation | Aggregation
Network Network

ation Aggregation
Aggregati Nativork

Continent % Continent Continent

(c o i"o ca\} T
<0 L O ) )

Rt RN
LHCONE

Schamatic layout of LHCONE network infrastrucure

A dedicated HEP network infrastrucure — what is the cost ?

38  GridKa School ) : g Fakultat fiir Physik
Sept. 2011 SULIERR L =nle Gaig g (eli) ey Institut fir Experimentelle Kernphysik



Virtualisation ..\ﬂ("'

Karlsruhe Institute of Technology

You have heard a lot about clouds and virtualisation at this school

In a nutshell:
- Clouds offer “Infrastructure as a Service”
- easy provision of resources “on demand”
even by including (private) clould resources as a classical batch queue
(e.g. ROCED project developed at EKP, KIT)
- independent of local hardware and operating system
(Scientific Linux 5 for Grid middleware and experiment software)

User supplied O pen Ne b U IG

Machine Image(s) Cloud Controller

. 77| Eucalyptus
I=|d pause / migrate
v v v

Node Controller Node Controller Node Controller

] |

boot / shutdown

e B ubunwi1010 || 8 2 winzks ® 3 <any Os>
E‘ 2 sLs g #3 Debian 5 Té‘ #5 <any 0s>
S S S
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CernVM & CernVVM-FS AT

Karlsruhe Institute of Technology

liance” i based on SC|ent|f|c Linux

CernVM-FS is a client-server file system based on http and
implemented as as user-space file system optimized for read-
only access to software repositories with a performant caching
mechanism. Allows a CernVM instance to efficiently access
software installed remotely.

CernVM is a virtual machine (“Virtual Software A
with CERN software environment, runs on

Hierarchy of

HTTF Caches

Linux Kernel

CernVM-F5
Minimal
Linux 08 Ej
)

1 GE
aE £ 11 1
s i - I_'I‘ I g s 1 i Single Release
Bootstrap Image CernVM-F3 Cache T |

[all releases available)
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A recap of this School ST

ttttttttttttttttttt f Technology

This week, you have heard about many of the new developments:
® J. Templon, Grid and Cloud
“Grids need Clouds to prosper, Clouds need Grids to scale”

@ O. Synge, Virtualisation

® P. Millar, Data Storage

e C. Witzig, European Grid Projects

® T. Beckers, Storage Architectures for Petaflops Computing

® S. Reiler, Grid User Support

® N. Abdennadher, Combining Grid, Cloud and Volunteer Computing
® U. Schwickerath, Cloud Computing

@ S. Maffioletti, ARC for developers

® T. Metsch, B. Schott, Sustainable DCI Operations

® A. Aeschlimann, Grid and Cloud Security

and a number of Hands-on workshops in parallel sessions.

HEP Grid runs fine in its initial version,
but virtualisation and “clouds” offer new possibilities
for resource increase, efficiency, cost effectiveness , operation and reliability.

It's up the you, the participants of this school, to shape the future !
Thanks to all speakers, session teams and organizers and also from my side.
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