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() sience  ecoloy What is a Grid?

"A computational grid is a hardware
and software infrastructure that

: provides dependable, consistent,

| Gaditad by lam Faster snd Casl Keasalman pervasive, and inexpensive access to
high-end computational capabilities”.
Ian Foster & Car/ Kesselman, 1998

Grid Checklist (2002):

1. Co-ordinates resources that
are not subject to
centralized control.

2. ...using standard, open,
general-purpose protocols
and interfaces.

3. .. to deliver non-trivial
qualities of service.

2003 — 2"d edition
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)

User : ‘ ;
1 Input “sandbox _
| nterface QDataSetsinfg
(UI ) Output “sandbox”
S Resource
s Broker.”

Author.
& Auth S
S
¥
L ogging &
Book-keeping : Job Status

Replica
Catalogue
| nfor mation

Storage
Element

Computing

Element (CE) 5



——

e Physical Tier Structure

Facilities Council

Tier O CERN computer centre

’~\\\ 11 T1 centres

Online system Tier 1 RAL,UK Spaln armany Italy ‘rance

National centres ‘

Offline farm

Tier 2

Regional groups

Institutes

Workstations

Structure chosen for particle physics.
Different for others.
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Rise of the UK Grid

GridPP

UK Computing for Particle Physics

Particle Physics e-Science Programme Proposal

Particle Physics e-Science Programme Proposal

The UK Grid for Particle Physics Collaboration
GridPP
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Contacts
Dr. Tony Doyle — A.Doyle@physics.gla.ac.uk
Dr. Steve Lloyd — S.L.Lloyd@gmw.ac.uk
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UK’s contribution to LHC computing:
- 19 UK Universities, STFC and CERN ||

THE UNIVERSITY
@) OF BIRMINGHAM

GridPP1 (2001- 2004) £17M
“From Web to Grid”

University
of Durham

ik Imperial College

GridPP2 (2004 - 2008) £16M S London "~
“From Prototype to Production” . J&

GridPP3 (2008 — 2011) ~£30M
“From Production to Exploitation”
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e \\/orldwide LHC Computing Grid . SeREIES
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Computing Technical Design Reports

~100,000 fastest

Summary of Computing R Mg  CPU cores
All experiments - 2008 New data will grow at
From LCG TDR - June 2005 ~15 PetaBytes/year

CERN All Tier-1s  All™Ner-2s a
CPU (MSPECint2000s) 25 56 142 >
Disk (PetaBytes) 7 31 19
Tape (PetaBytes) 18 35 53

Need more than twice as much by 2010!



T Grid Infrastructure GridPP
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Facilities Council

Testbed Phase Initial Production Phase Routine Usage Phase

WLCG based on S—

Sustainable e-Infrastructure = EGI

EGEE and OSG EDG EGEE EGEE-Il '  EGEEI !

Grid infrastructure. —— + + + + + + +

2002 2004 2006 2008 2010 2012

e CGEC

Enabling Gnds
for.E-scienck

A map of the worldwide LCG infrasiruciure operafed by EGEE and OSG
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‘March 2007

E:: Grid Projects Collaborating in LHC Computing Grid

UK Computing for Particle Physics

- NORDUGRID

EGEE Operations Information / _;’:Q”g;ifj;‘i“
-| e
Active Sites 177 ¥ = }nw
Available CPU 32412 a;;\,__..m ™ ) ,}"J € CERN openlsb / EDS
g SN Latest SAM results, Site Status, for 'OPS' VO, 19 Mar 2008 17:41
N e 1 1 7
Available Storage (TB) 13282 mfﬂm + uTC.

Diown  Degraded Ok

o Feb 7 20:18:01 GMT 2007 GetaiQye 1v200512-13

Size of site rectangles is number of CPUs from BDII.
Certified Production sites, grouped by regions.

Status in 2007: ]
177 sites. 32.412 CPUs, Status on 29 March 2008:

13,282 TB storage 250 sites, 50 countries

| 55,094 CPUs (MaxCPU=70,973)
(Dave Britton, IOP Conference
Guildford, April 2007) 21,079 TB storage (?)

17
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In 2006, UKI provided 2.4
29% of the EGEE CPU

UK - CPU contribution

g GridPP

UK Computing for Particle Physics

2006

6.2% 10.4%

6.74

PRODUCTION Normalised CPU time per REGION
EGEE VOs. January 2006 - December 2006

[ AsiaPacific

B centralEurope

I CERN

[ France

E GermanySwitzerland
B 1taly

6.2% A MorthernEurope
.53 [ russia

B SouthEasternEurope
O southWesternEurope
M ukI

Z5.9%

2007

12.2%

6.9%

PRODUCTION Normalised CPU time per REGION
EGEE VOs. January 2007 - December 2007

15.0%

France

a.8%

g0
2.TH

17.6%

4.9%

o8y 5.4

(C) CESEA 'EGEE View': PRODLCTION / rormepu / 2007:1-2007:12 / REGION-VO / egee / ACCBAR-LIN /i

2008-03-12 09:39 UTC

[ aziaPacific

B CentralEurope

B cErRn

] France

B GermanySwitzerland
B Italy

E HorthernEurope

E Russia

B southEasternEurope
O southWesternEurope
B kI

In 2007, UKI provided

17.6% of the EGEE CPU
13

2008-03-15 09:39 UTC
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PRODUCTION Normalised CPU time per VO
2006 EGEE VOs. January 2006 - December 2006

W alice
W atlas

.3 B biomed
O cms
O 1hch
[ others

2007 PRODUCTION Normalised CPU time per VO
EGEE VOs. January 2007 - December 2007 2008-03-29 09:13 UTE

MW slice

W stlas

28.5% B hiomed

O cs

O 1hck

16.5¢ [E Other Y0s

O others

el BioMed

2.58

17 .0

10.7%
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(C) CESEA 'EEEE View': PRODUCTION / mormeopu / 2007:1-2007:12 / REGION-VO / egee / ACCBAR-LIN /i 20R-03-19 09:39 UTE
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Replaces ATLAS
Centre.

Current hometo EE S i _ =
UK Tier 1. G S P = T

ATLAS Centre
February 1963

mmiirl
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From ~April 2008

CPU

Disk

Tape

() sione ¢ Technotoy UK Tier 1 Hardware GridPP

UK Computing for Particle Physics

Cluster with over 3,200 cores delivering
4,500 KSI2K.

340 servers spinning over 5,400 drives
and providing over 2.3 PetaBytes of disk
storage.

SL8500 tape robot with 2 PetaBytes of
media, 18*T10K drives and 8*99408B
drives. 10,000 slots > 5 PetaBytes

Tape Robot 2005

:  ¢ DISk Cluster 2008 :5 

5,




LHCOPN — current status

LHC Optical Private Network
N

US-T1-BNL g
CA-TRIUMF g AS43
i
08121 0R4 18212150124
98 52 5 e
TW-ASGC 1 __ US-FNAL-CMS ©

AS 3152
13122520024
131.225.160.0/24
131225188 .0/22
131.225.204 0722

AS2MET
117.103.96.0/20
140.105.95.0/24
140.109.102 .0/24
202.169.168.0/22

NDGF 5§
AS39530 42 _
130.226.158 024 50 ESESQCCINZPS [ | DRl
130.236.102 024 T a4
192 36236 0/24 4899,
#130.239.78.0/24
V193101220023
T119310124.0/24
[ |
'
y  |UK-T1-RAL gg© ES-PIC mnr
1 AS 43475 AS43115
v |130246.173 024 193.100.172 0/22
— 193.146.196 0122
18 193.145 217 D24
NL-T1
" oot L 34 IT-INFN-CNAF
145100.32.0/22 | B
1068 |as1104 74 DE-KIT gu ¢
' 194.171.96.128/25 AS34878 AS13T
s Lozl NREN 192.108.45.0/24 192.135.23.0/24
e 192108 .46 0/23 131154 128 0N 7
e USLHCHet ) 107 102
105 g 3

— N2 p2p
e Cross Border fiber
= == m Mot deployedyet
e (thick) 10Gbps

(i tobps 10 Gb/s dedicated light path RAL - CERN

I = Alice = Atlas
f=CMs =LHCb
p2p prefie 19216166 .0/24 edoardo.martelli@cern.ch 20080312



rpreeees Optical Private Network Traffic %Gridpp
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UK Tier 1 will receive data from CERN at 350 MB/s (average)
Deliver to Tier 2 centres at 500 MB/s (peak)

3.06 | 375 MB/s

RAL CCRCO08

2001250 MB/s

[Fy]
.|_I
.
o
1.e 6 125 MB/s
Q.o
Apr May Jun Jul Aug Sep Oct Miow Dec Jan Feb Mar
2007 Min Avg Ma x — 2 008
W InBits 0.00 200.84 M 1.11 G (£ N
W OutBits 0.00 321,77 M 2.46 G N_\)
B Total Bits 0.00 522.61 M 2.76 G |

SPECTRUM Report Gateway
Updated: Thu Mar 20 19:21:10 2008 CET
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Averaged Throughput on 22502708
VO—wise Data Transfer From All Sites To All Sites

2500
22 Feb 2008 Peak ~ 2.2 GB/s

2000 [
- i
2 [ --__ B Alice
== B
E ol - B Atlas
- i O cHs
g - B LHCh
W 1000 F O OTHERS
2 [ B compazs
I i
£ -

500

o i | I

oooo01l 02 93 o 05 o5 OF 93 09 190 11 12 13 14 15 18 17 18 1% 20 21 22 23
Tine (GHT}

Averaged Throughput From 01504507 To 25703708
V0—wise Data Transfer From All Sites To RAL-LCGZ2

GRIDVIEN
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Storage Middleware

Storage Middleware Release
30 Days from 2008-02-10 to 2008-03-11 UTC

UK Computing for Particle Physics

180

]
2008-02-11  20083-02-14  2008-02-17

[ DPM 1.6.7-2
=

M dCache production-1-8-0-12p6
B CASTOR 2.1.4v1_3_14

[l dCache production-1-8-0-12p2
B CcAasTOR 2.1.4v1_3_13

[] stoRM

[[] dCache production-1-8-0-12
B CASTOR 2-v1_3_11

b\
dCache

2008-02-26 2008-02-29 2008-03-02  2008-03-06 2003-03-09

Time

| DPM 1.6.5-5
[ oPM 1.6.7-1
[0 dCache production-1-8-0-12pd
[0 cASTOR 2.1.4-v1_3_11
B dCache production-1-8-0-12p5
B CASTOR 2.1.6-v1_3_14
[ oPM 1.6.10-1
[1DPM 1.6.5-3

... plus T more

RAL Tier 1 - migrating from dCache to Castor 2
A journey which started in 2006

c/o Jens Jensen




rpmaneeel UK T1 — Castor2 Architecture %Gr‘idpp
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Separate Castor instances for each experiment essential!

Name Name T T T T . . |
Shared - - ' ' ; ' :

oerver 1 Server 2 ) ‘Tape | ‘Tape ‘ |Tape ‘ |Tape | ‘Tape Tape !
vmar Services !

tvmgr ’ T - - B “rver| [Server

oo = 350 | CASTOR Disk Growth —UK T1 | | -----=---mo---- |

(1]
Oracle \ [ ( §300 | Oracle\ Oracle
stager 77 230 5 DLE /\Jepack
= 200 -

i B 150 :

| |stager E O 100 jer |[DLF |

: T 50 - 1

| o 1 1

. — 3 0 | | i

= W@ H B P PR TS E REs

B 2007 2008

CMS Stager Atlas Stager LHCb Stager Repack and Small

_Instance | Instance Instance ____ User Stager Instance
: : | ' 1 .



() science s echnotony CMS — Lots of tuning! ¥ GridPP
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Eu:jut?.lEElEE.I:jrl_ulpapa.rl.a::.uh: ]
“ a0 n on week-3 (all T1s together)

g - i,
5 Q- = FF
Meek OB Meek CMS PhEDEX - Transfer Rate :
0 1in @ Out - [132 Hours from 2008-02-18 13:00to 2008-02-2401:00UTq
T r A
T T T e eTTTTTTTTTMTTTT,TmMmMmeTnTTTYTYTT T MMMt ..., mMmMm e, MmO mmhOhmrT
aoo0 : PLETE Y foeur
L llll'-u'!' |I|:|'.'|'.I'-|'|' .l('l'.l'.\’\."\-"'\-
500 ...... I—l L ; nn i .. .....

OR-U5-20 2008-03-11 2008-02-22 WanOut Networkln Last Month Thu Mar 6 14:16:00 2008

Time SRS B B B N BLEL N
B TO_CERN_Export to T1_CNAF_Buffer @ TO_CE
[ TO_CERN_Export to T1_IN2ZF3_Bufter CITO.CE

B5.78 MB/s, Minimurm: 1493 MB/s, Average: 442 49 MB/s, Current: 389

M. Kasemann,
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thGrid

ScotGrid
Durham, Edinburgh, Glasgow
NorthGrid

Daresbury, Lancaster, Liverpool,
Manchester, Sheffield

SouthGrid
Birmingham, Bristol, Cambridge,
Oxford, RAL PPD, Warwick

London
Brunel, Imperial, QMUL, RHUL, UCL

UK Computing for Particle Phys

n..

’ Edinburgh
Ly “
: S otG

S Durham
Lam:aster
i- Manchester ‘
‘ Sheffield

Warwick
Swansea Oiwford

Liverpool
.l Birmingham ‘
SOU 2 rl Cambridge



An Example - NorthGrid ES=REIES

Facilities Council UK Computing for Particle Physics
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UKI Normalised CPU time per SUBREGION
2008 EGEE VOs. January 2008 - February 2008
O GridIreland
B LondonTz
B HorthGric
O scotGrid
B SouthGrid
) E Tierin
NorthGrId K O others
0.2 Gridlreland
13.2%
18,74
2007 UKI Normalised CPU time per SUBREGION
EGEE VOs. January 2007 - December 2007

O LondonTz 2008-03-15 0535 UTC

B NorthGrid

B ScotGrid

O SouthGrid

2798
E Tierin
B others

London

\ 0.3%
ScotGrid : 12.72

3392

NorthGrid

7R

18.3%

27

(C) CESEA 'EGEE View': UKI S mormeopu / 2007:1-2007:12 / SUBREGION-VO / eqee / ACCBAR-LIN /i 2008-03-1% 05135 UTC
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. . 1.03MB/s ;
Big challenge to make this X GLouDCMSUS
efficient — esp. for analysis 13-32MB/s
5.06MBfs —— @

of GPD experiments. -06MB/s
- 29.32MB/s
(i) oo, e

2.49MB/s__—

—

-\_‘_\zi_\__\-\_-_\-\-\-\-\-‘
19.75MB/s 0.01MB/s
— UKISOUTHGRIDOXHEP

T 0.10MB/s _—
UKINORTHGRIDMANHEP ——— 0.29MBfs _—
T —— 035MB/s ' —
=208 T ¥~ 17.99MBys R —
0.37MB/s — @ 3.01MBs

89TMB/s = 26.84MB/s

__—————___)__— _—
UKISOUTHGRIDRALPP 0'3{5}%_]3,’5//
— 0.01MB/s

_7—""_'_'_'_'-_'_'-
- - 0.03MB/s _ -

UKINORTHGRIDLIVHEE_ _— 0.64MB/s
J_Z,,»//20.22MBJS UKISOUTHGRIDBRISHEP
@ _— 6.45MB/s
_#/

7.66MB/s

-
CLOUDCMSGERMANY
1.42MB/s

— s

0.01MB/s @
c/o Greg Cowan LR

RAL FTS transfer rates for VO=all from 2008-03-03 16;36;39 to 2008-03-04 16,3659 (last day). Coloured rate implies jobs in queue, ready to be transferred.
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Percentage of successful ATLAS test jobs each day — c/o Steve Lloyd

120
100 -
80 1 k\ . g f 7 fy ple PR I A € : > | O |
PRSI CAY N ~ PNV
60 ‘ ,
40 4 ,
20 -

Efficiency (%)

Averaged over all GridPP sites

29
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UK-T1-RAL CPU Efficiency by SITE and DATE
LHC VOs. January 2007 - March 2008

0.9

0.85

0.8

0.757

0.7

- ]

o 0851

[ E] -

i i

g .

P 0.6

ILI.E J
= g5 RAL-LCG2

x ]

0.5

CPU Efficiency (%) by VO and DATE

VO Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan | Feb | Mar

07 | o7 | o7 | o7 | o7 | o7 | or | or [ or | or | o7 | or | 08 | 08 | 08
alice 794 705 704 811 724/ 875 1010 712 980/ 981 977 1029 944 654 N
atlas 583 524 628 834 822 845 926 748 546 670 644 809/ 950 755 963

cms 865 T2l s:oBENIIE o0 653 679 688 781 B13 860
ihco [JEREIEEE o35 “oEE 01 27 R SR ool o7 715

523 5T A8 697 616 683 51.0) 514 623 67.0 620 809 775 77.5) 90.1

Hj —— Efficiency = CPU Time/Wallclock Ti me’_lm'ug'm“ =]
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WER-ECE PR A TR

BOINT 4 “ L hat ' :_
5’ = SECTOR 45 E: F;gm{ _PONNT &
/A . l
A SECTOR 34 CM5  SECTOR 56 {E"?“

N cool Down Status 27 March 2008 .

SECTOR 25 Machine cold by 1 June?
Possible first injection mid-June?

Foaetd

FOHNT 2 -

ALICE SECTOHR 12
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CCRCO08 = Common Computing Readiness Challenge
Phase 1: 4 — 29 Feb 2008, Phase 2: 5 — 30 May 2008

looo

aoa

Goo

Jobs

400

208

Weesk 07 Week 02 Week 09

Averaged Throughput From 12502508 To 29702/08
Y0—wise Data Transfer From All Sites To All Sites

2000
- I
@ 1500 |
g B Alice
m I O Atlas
g\‘es X 2 e I O chs
P\\ “9“ Y B LHCh
=] L
“‘o W 5 ool O OTHERS

Date (dd/nn) GRIOWIEW
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CC Readiness Challer

FDR-1

Production for FDR2

Mixing for FDR2

FDR-2
FT

M6
FDR-1 Re-processing

FDR-2 Re-processing

33



AP — CMS Version ¥ GridPP
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1) Detector Installation, 2) Preparation of Software,
Commissioning & Operation Oct ||Computing & Physics Analysis
Nov S/w Release 1_7

Global runs, HLT Validation

Tracker Insertion Dec 2007 Physics Analyses
First Results Out

Jan

Feb S/w Release 1_8
Functional Tests CSA08 (CCRC)

Test Magnet at low current

Mar
CMS Cosmic Run CCH_UT S/w Release 2 0
Beam-pipe Closed anc Bakec-out Apr CCR_4T, Production startup MC samples
GREA: Global Run End of April
1 EE Endcap Installed, Pixels installed May SCFLCU%C?SAUB (i%SAEB) Chal
: i :
Cosmic Run CCR_4T ombined Computing Readiness Challenge
I S/w Release 2_1
Jun All basic software components ready for LHC

2nd ECAL Endcap Ready for Installation

Jul fCSA08 or Beam
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Ganga — simplifies use of the Grid!
UK led project

» Ganga has built-in

support for ATLAS Applications ack. K. Harrison
and LHCD

. Component T ATLAS 9| Heb Other Metadata
architecture allows applications | applications  applications catalogues
customisation for -
other user_growps e . ile
- e -
(/@ ’qﬁ @ User interface
A [
2SN

:> GANIQJ@,& ,ﬁ:lr'jutl definition |:> Tﬂ;ﬁ;ur

|eAaL}al pue 28elo)s ejeq

ARSI S 5 | and management management
Remote
repository Experiment-specific
workload-management systems “
Local
repository Local batch systems - Distributed (Grid) systems

Processing systems (backends)

Ganga job archives




() scrce ety Conclusions
Facilities Council

e Great progress has been made in developing an
operational Grid for the LHC experiments.

e | eading UK contribution - thanks to a large number
of people in TO/T1/T2 centres from 21 institutes and
from the experiments.

e User analysis increasing & posing new challenges.
e GridPP3 started yesterday!
e Final ramp-up of resources for the start of LHC.

e Reliability/availability/efficiency needs to be improved
over next few months - still a lot of work to do.

e Hype finally becomes reality? ....
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