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g LCG Service Hierarch

Tier-0 - the accelerator centre

: Data acquisition & initial processing

L Long-term data curation

T Distribution of data - Tier-1 centres

Tier-1 - “online” to the data
acquisition process -> high
availability

L Managed Mass Storage -
—> grid-enabled data service

- Data-heavy analysis
: National, regional support

Tier-2 - ~100 centres in ~40 countries
= Simulation

3 End-user analysis - batch and @
interactive <
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LZ= CERN Tier-0 Progress

Network utilization - last week CMS CSAOQ6
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Peak transfer of incoming data to tape at over 2GB/s
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B | CG depends on two major science
- grid infrastructures ...

EGEE - Enabling Grids for E-Science
OSG - US Open Science Grid

A map of the worldwide LCG infrasfructure operafed by EGEE and 0SG
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CPU Usage - LHC Experiments

March 2007

Triumf (CDN)

Rutherford
(UK)

PIC (SPAIN)

NIKHEF (NL)

Tier-2s

ASGC (TW)

Brookhaven
(USA)

IN2P3 (F)

FZK (D)

Fermilab
(USA)

CERN 20%
11 Tier-1s 60%
140 Tier-2s 20%
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111G Grid Activity

. Steady increase in usage of the EGEE

and OSG grids

. Example shows LHC experiment

jobs run on the EGEE grid

- 3 X increase in past twelve
months

5 Need a further 5 x increase

by mid-2008

. Similar growth on OSG grid
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Grid Activity
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Tier-1s and CERN
3 CPU usage increased by factor of 2 over past year

3 Disk usage by a factor of 4.9

les.robertson@cern.ch



My

e Growth to 2008
Required CPU Growth Required DISK Growth
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The LHC Grid iIs

"J—: \f all about data

Experiment computing models define specific
data flows between CERN, Tier-1s and Tier-2s

19-Sep-05 rtson@cern.ch



O ATLAS “average” Tier-1 Data Flow (2008)

i LCG
RAW
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Real data storage,
reprocessing and

AODm1 | AODm2
500 MBffile | 500 MBfile
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Plus simulation &
analysis data flow
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-l Data Distribution Tests 2006 — CERN > Tier-1s

i LCG
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3 CMS transferred a steady 1 PByte/month between Tier-1s & Tier-
2s during a 90 day period

3 ATLAS distributed 1.25 PBytes from CERN during a 6-week period
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ic= 2007 — CERN Tier-1 Data Distribution

Daily Report
(VO-wise Data Transfer From CERINCI To All Sites)
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Jens Rehn

April 2007

Computing workshop

L

19-Sep-05

MB/s

gao

gaa

noon

EL1 1)

ann

Jaa

200

oo

Data Transfers
Comparison with CSA06 — weekly

LoadTestQ7

CMS PhEDEX - Transfer Rate
52 Weeks from 2006/16 te 2007115 UTC

= . I ]

1
Moy 2006 Jun 2006 Jul 2006 Aug 2006

|1 T1 ASEC Eufle

[ T1_INZP3_Buffer
I'Z_Bari_Euter

B T2 _CSCE Bubar

[ T2_GRIF_DAPMIA

B T2_IHEP Disk

[l T2_Lendar_Eranzl

Pl T2 _Moa_ Buer

B TZ_SPRACZE_Eulizr

I T1 CERMW Buffer

B T1_FIC_Bulie

B T2 _Eeling_gurfer

[ T2 Caltesh_Huffar

[ T2 GRIF_LAL

[ TZ_ITER_Buffer
T2_Lercon__HEP

B T2 Purdu= Buffcr

B Tz _SouthiGrid _Srisl

| T1 CHNAF Buffer
[T T1_PIC_Disk
[ Tz_Belgium_IIHE
! _DESF_Rutter
B TIGRIF_LLR
B TIINR_Butfer
[0 T2_Lendan_RHUL
[0 T2 RWTH Eufi=
[T T2 SouthGrid RALPFD

T1 FHAL Buffei
B TI_RAL_Bufie
B TI_Helgium_lcl
B T1_E=tania_Buffar
| Ti_GRIF_LPHHE
[ TZ_ENU_Buffer
[ TZ_MIT_Bufi=r

T2 Pamz Buiffer
[0 Ti_Spain_CIEMAT

Tl FZE_BuTk

[ TI_RAL Stage

[ TI_Hudapes_Hufer

[T _Flanda_RBuftar
TI_HEPGRID_UER) “es

[ T2_L=gnare_Buffer

B TZ_Hebrask~ -

Wtz sive ka

¢‘66
Maximum S9H. 73 MBS Minimum: 0.02 MBS, dearage: LAT A9 MBS, Currant: 500 .55 7 \ 9\
2\

les.ropertson@cern.cn



My
L 1CG

19-Sep-05

Data Analysis on the Grid

Grid middleware creates a general purpose

virtual computing service
Logging and

bookkeeping Computer sites

Checking job
status

Submitinga  \WMS /

v

User job
Interface —
e .
Register
(S}
ting
File proxy

Catalogue VOMS

Information

System

Julia Andreeva, CERN ICHEPO6 - Moscow



@ Data Analysis on the Grid

! LCG

|
But there is also a very complex Grid middleware creates a general purpose
VO specific environment | virtual computing service
Logging and
LHC specific bookkeeping Computer sites
applications
PP How do | make sure
Ch
sta
HC\I\I Ao |l knowrwhat 1 havao v
. to
e Ten of my thousand
thol jobs crashed — at seven
How different sites!
Why?
Grid? Application?
File Data access? Drmation
Experiment Catalogue
Experiment Data VOMS System
software Managent

19-Sep-05 Julia Andreeva, CERN ICHEPO06 - Moscow



N Each VO needs tools to hide the complexity
- of the distributed application environment

LHC specif Computer sites

application

-

Experiment Catalogue
Experiment Data

software Managent -
2

19-Sep-05 Julia Andreeva, CERN [ICHEPO6 - Moscow
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CRAB 1) Data location
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ies. Analysis Job Success Rates

CMS CRAB jobs
submitted through EGEE
Resource Brokers - March 2007

User view — after automatic job

re-submission by the Resource
Brokers
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Status at April 2007

The Worldwide LHC Computing Grid

The LHC physics data analysis service distributed across the world

CERN, 11 large 7i/er-1 centres,
over 100 active 7/er-2 centres

Established the 10 Gigabit/sec
optical network that interlinks
CERN and the Tier-1 centres

Demonstrated data distribution
from CERN to the Tier-1 centres
at 1.3 GByte/sec - the rate that will be needed in 2008

ATLAS and CMS can each transfer 1 PetaByte of data per month
between their computing centres

Running ~2 million jobs each month across the grid

The distributed grid operation, set up during 2005, has reached maturity,
with responsibility shared across 7 sites in Europe, the US and Asia

End-user analysis tools enabling “real physicists” to profit from this
worldwide data-intensive computing environment

les.robertson@cern.ch



