Usecases of LCG-2 at GridKa

Johan Blouw

Max Planck Institute for Nuclear Physics

Usecases of LCG-2 at GridKa - p. 1



Overview
 Introduction
« LHC
« LHCb
 Distributed Computing
* GridKa
 DCO3
 DCO04

e Conclusions

Usecases of LCG-2 at GridKa - p. 2



Introduction
B-physics in the 21-st century:
¢ Use hadron machines (CERN, DESY, Fermilab. . .)
® high cross section and high interaction rate — lot of data
® Measure cp-violation in B; meson system
® Search for rare decays
® over-constrain CKM-triangle

® Search for physics beyond the Standard Model




Introduction

* bb mesons produced at forward/backward angles

(
,.w

* large boost — may resolve B; — B,

oscillations. ..

(HERAB,
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LHC
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LHC at CERN

e pp collisions at
Vs =14 TeV

* 40 MHz bunch
crossing rate

o L~ 10% cm %51
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LHC at CERN

» large bb cross section: o ~ 500 ub
* signal/noise ratio: o7/ Ginelastic ~ D X 1073

* 10'2 bb pairs per year
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LHCDb challenges
LHCDb detector located in DELPHI pat:

Detector

Muon

Hadren @y % _~ Chambers
Calorinieter... -
X 4

Detector

' Vertex s ird-
Detector : RICH

“Betector

M e \.-
Electrﬁmagnetic
Calorimeter
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LHCDb challenges

ECAL
SPD/PS

Magnet RIC H2 M1
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LHCDb challenges

e Study physics performance

depends on

* trigger performance (efficiency, event
rejection. . . )

* tracking performance (efficiency, ghosts,
momentum resolution)

* material budget

= use detector and event simulation
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LHCDb challenges

predicted rates for 1 Snowmass year:

10'2bb events per year

at 10 MHz of visible pp crossings

Level 0: 40 MHz input, reduce to 1 MHz
Level 1: reduce 1 MHz to 40 KHz

HLT: reduce to 200 Hz

Data volume:
200 Hz x 1 Snowmass year = 2 x 10” events

at 50 KByte/event — O(10*) TByte/year
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LHCDb challenges

® enormous amount of simulated data needed

® detector simulation: ~ minute/event/1GHz
* trigger studies

® background studies

® mass reconstruction efficiency studies

® cp-reach, rare decays, etc. etc. ..

= too much data for CERN alone

Mean 2.918

RMS  0.2905

3 32 34
Inv. Mass [GeVz]
=Z U

""




Computing Challenge
 use distributed computing resources (cpu,
storage)

* need high bandwidth connections between
computing centers

= birth of GRID...

Labz
Japan Unia
(Uni Tokyo)

ermi, Groflbritannien

Uni b

laby [talien
(CNAF)

Frankreich
(IN2P3)
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Computing Challenge

GRID: nice idea, but no easy meat. ..

_ . Installation |
Automation, Operation, Control .. Configuration + monitoring |
S S T Fault tolerance |

—_— —_—

1
| e

Infrastructure

Benchmarks, E&D, '[
Architecture

o GRID sepvices 7
Prototype, Testheds P

Purchase, Hardware selection,

Resource planning Coupling of components through hardware and software
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DIRAC ’03 (No LCG usage...)

Distributed Infrastructure with Remote Agent

Control. ..
Different from DataGRID philosophy:

 jobs not time critical

* many more computing jobs than computing
resources

I use “PULL” concept instead of “PUSH”.
* run job-agents at each participating site
* job-agents request jobs from central job-server
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DIRAC ’03 (No LCG usage...)

* Production task definition

* Software installation on production sites
* Production steering

* Job scheduling

* Job monitoring

 data transfer

* bookkeeping
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DIRAC ’03 (No LCG usage...)

* use simple system of job submission

DIRAC architecture reminder

Production preparation Contral
Applicati Workflow ||Producti : .
Sgc'f:g'gr" Production DB Services

Edit .
Create ) Instantiate
application ] workflow
ar file >

o
@ N

Production manager
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DIRAC ’03 (No LCG usage...)

Job description 1n ’sandbox’:

Job description

Production manager

Workflow description Web based

editors

[Gauas -v3 lGauas - VBJ [Gau aa - vﬁ] [Gau 33 - ‘u’5]

T~ L |«

[ Brunet - vi2 |  Brunei - v1z | Production run description

% |

+
- Event type
l - Application options

- Number of events
e
Production DB

- Destination site ?

-— - Execution mode
+_




DIRAC ’03 (No LCG usage...)
* use the “PULL” approach:

Monitoring service
Bookkeeping service _ PULL Method

Production service

i

//,\

AKX
Get jobs

SW agent




LHCb DC03 Goals
Goals:

e Produce 30 million minimum bias events

» 10 million BB events

» 38 different signal event channels (530K each)
 use data for “re-optimized TDR”

* physics reach studies
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LHCb DC03 Goals

Participating S
CERN Imperial ScotGrid
Bologna Lyon RAL
Karlsruhe Barcelona Rio
Cambridge CESGA Bristol

Oxford VU Amsterdam
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Intermezzo: GridKa

)
A

460 Processors dedicated

Development Environments
~ 4x LHC
i 4x nLHC

| Installation &

' Management
| Gbit Network |

N 170 TB Tape

110 TB Disk
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Intermezzo: GridKa

* But software did not use hardware optimally
— run < 50 jobs because of limited disk 1/0

* major debugging necessary to solve bottleneck

Computer nodes
CPU intensice

Data
serverg

Software Server

Interactive login

LHC-b
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Intermezzo: GridKa

 Each WN accessed FS simultaneously for
read/write

 data through-put to FS limited by FS
= write data to local disk first
| copy data to FS at end of job
| mainly hacking of job-submission software. ..

Share of completed events

Usecases of LCG-2 at GridKa -p. 9



Intermezzo: GridKa
But:

® excellent cooperation with
GrnidKa:

— use three different FS (1
big slow, 2 small fast

Servers)
TCP/IP/NFS

®* while WNs write to
~ 30 MB/s riw

fast FS bottleneck
® move data from 2nd

disk access __—
fast FS to slow ES bottleneck

® alternate writing to
fast FS1 and FS2
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DCO03 Results

ge Example: LHCb Data Challenge'03 - Results

* A total of 47 Million events have been produced in
two months

+ 18 centres participate and 80% of CPU outside CERN
»+ 36 600 jobs have been run and each job:

- producing between 250 and 500 events

- using from 32 to 56 hours on 16Hz PC

» It would have taken more than 170 years on a single
PC
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DCO03 Results

» GridKa contributed ~ 18% of produced events

Share of completed events Events produced

A0,000,000

45,000,000

40,000,000

24-03-03  07-04-03

Very successtul!
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DCO03 Results

Share of CPU time % Events done

40.0%

@ ML-Amsterdam

O RU-IHEP-Protvina
B RU-ITEP-N

= RLU-, )

o RU-SIP-R

24-02-03 100303 240303 0O7-04-03
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Data Challenge ’04

GridKa improved internal data through-put:

Compute nodes

Expansion

file server cluster E = E

SAN/SCSI
Fibre Channel

RAID X storage -

e —
< ———- \ striping + parallel file system;
350-400 MB/s I/0 measured
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Data Challenge 04

LHCb modified DIRAC to include job submission
through LCG

Monitoring service
nﬁ Production service

Bookkeeping service
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Data Challenge 04

» accomodate LHCD specific software with

* “sandbox” technology:
 job description
 launch script

use Grid software for transferring data to CERN
* but: need sandboxes for log files. ..

« DataGrid not very stable
* Resource Broker unavailable
* Proxy expires before job 1s over
 large variation 1n available CPU power
* some WN have no outbound IP connection
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Data Challenge 04

Circumvent GridPortal. . .

Bookkeeping service Monitoring service

Production service
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Data Challenge ’04

DIRAC > DataGnd
PULL <~ PUSH
decentralized job <= centralized job

DataGRID approach

Information Service

Status information:
e resources ;
* jobs .

2 at Gridka - p. 11



DC04 Experiences...

® Job submission software more complicated. ..
® site configuration much easier

® DIRAC also on DataGrid middleware

— non-trivial exercise. ..
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DC04 Experiences...

By using LCG, many more sites may contribute to
data challenge

.Barcelona.es
.Bologna.it
.CracowAqu.pl
C.IF-UFRJ.br
. IHEF-PFrotvino. ru
. IHEP2-Frotvino.ru
. ITEP—Mo2cow. i
.Imperial.uk
. JINE-Dubna.rn
.Karlasruhe.de
. LHCBONL INE . ch
.Liverpool . uk
.lyon. fr
.Manno.ch
c.oxford. uk
.Santiago.es
. BootGrid. uk
.Zurich. ch
.CEEN.ch
.CHAF .it
.Cambridge .uk
.Imperial.uk
Krakow.pl
.Legnaro.it
.Milano. it
CNCTI. tw
.PIC.es
.RAL.uk
.Torino. i
_Triumf .

Jun 13 2004, 1540 USC. es
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DC04 Experiences...

* many updates of
DIRAC software

 hiccups in data
transfer to CERN

— ~ 1300 files
waiting to be
transferred from
FZK to CERN...

— transfer can not
keep up with data
production!

DIRAC.Karlsruhe.ce
DIRAC.CERN.ch
LCG.CERN.ch

ANY
DIRAC.Imperial.uk
DIRAC.ScotGrid.uk
DIRAC Bologna.it
LCGLegnaro.it

LCG

LCG.RAL.UK §

DIRAC.ITEP-Moscow.ru
DIRAC.Santlago.es
DIRAC.Lyon.fr
LCG.FZK.ce
LCGPIC.es
DIRAC.Barcelona.es
RAL-CSF

Karlsruhe

BOLOGNA
LCG.Milano.it
LCG.CNAF.it

Lyon
DIRAC.JINR-Dubna.ru
DIRAC.LHCBONLINE.ch
DIRAC.IHEP-Protvino.ru
LCG.Torino./t
DIRAC.IHEP2-Protvino.ru
LCG.Imperial.uk
ITEP-Moscow
LCG.Triumf.c2
LCG.Cambridge.uk
DIRAC.IF-UFRJ.br
IHEP-Protvino
LCG.NCU.tw
LCG.Krakow.pl
DIRAC.Manno.ch
DIRAC.CracowAgu.pl
DIRAC Liverpool.uk
LCG.USC.es
LCGES-USC
DIRAC.Zwrich.ch
DIRAC Oxford.uk
JINR-Dubna
LAFE-IF-UFRJ

Oxtord

LCG.FNAL.us
LHCBONLINE
CracowAgu

CERN

LCGES-UE

100 100.0
Production Status by Site (Jun 13 2004, 15:50)

= 1994 Jobs

851 Jobs

= 1505 Jobs

= 1345 Jobs
=796 .Jobs
770 Jobs
=726 Jobs
718 Jobs
666 Jobs
490 Jobs
=455 Jobs
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DC04 Experiences...

LCG related problems:
 Resource Broker bottle-neck

* Determine Ranking (which site gets the LCG
jobs?)

Faulty WM sucks up all LCG jobs
* Software installation

 Site configuration (not always according to
LCG-2 specs)

* Proxy expiration

* 10% of jobs aborted at ’job-finilization’ stage
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DC04 Experiences...

Hardware problems:

 RB server machine
at CERN suffer
from high-load

problems

 log-file server sshd
broblems

By

* Bookkeeping dbase
problems

« HW problems at lo-
cal sites

arcelona.es
CEERN . ch
Cracowhga. pl
b

IHEF-F £ o.ru
2-Protwino. rm
ITEP

Total Running Jobs: 2634
DIRAC: LCG: 73

.Barcelona.es
.Bari.it

ocoo

JINZP3.fr
.ITEF.ru
.Imperial.uk
-JINR.FU
.KFKI . hu

CoME ROk

Aug 19 2004, 14:01
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DC04 Experiences...

DIRAC & LCG contributions:
DIRAC LCG

LCG

2500 jobs

£ i T AT T e A
a00¢
1500
100K
; _l—..lllll_l-l_lllllllll Illll.l I-Ill_.l I l
2 £ £ E s : ' :
i L ] w 3 4 d = ]
SO0 - Job S axacuted on LT with ANY kaown repdca
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DC04 Summary

[ e |
LCG ) restarted

paused

action

LCGin |

Dirac l
alone

4 million/day

3000000

1000000

All jobs with ANY know
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DC04 Summary

LHCbh BC'04

cUL T
L

=
L'r)
5
Qi

maty june july august
kdonth
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DC04 Summary

LHCb DC’04 (LCG)

| Entfi 210786

O Submitted

J ol‘rg/day
g

o Running

0 Aborted B Aborted 6 < (D - R) ¢

a

%

30 40 50 60 80 90
Submitted Jobs Days since June Ist
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DC04 Summary

[ nwy
O cracowhgu
ODIRAC .Barcelona es
Uomeac
0 poimac
[ DIRAC . Cracowmigu  pl
HDIRAC . IF-UFRJ .br
B DIRAC . IHEP-Procyine . ru
LUDIRA" . THEEZ Protwvipno . ro
B DIRAC . ITED-MosCOW. U
ODIRAC . Tmperial uk

.B63%

) ’% I T — H DIRAC . JTINR-Dubna . Ty
Fd e A . cars O DIRAC . Karlsruhe de 9028
B DIRAS . LHCBONLINE ch 2.127%
BDIRAC . Liverpaol . uk 0. 369%
O DIRAC . Lpocl uk 0. 842%
H oA . wyen. fr
HDIRAS Marno.ah
Bomac owford uk
DIRAC . Sant iagoe. &a
B DIRAC . Scot@rad. uk
HDirAC . Zurich. ch
Of . AHAM-HEP uk

CPU Time: 248204 E;;c‘;:m es

CNAF 1t
Cambridge . uk
& .Carleton. ca
JINAL .UB
C.FEK.de
INZP3. fr
Amperial uk
JKFET ho
Krakow . pl
G.Lancashire. uk

1
03%
L
3.34%
E5%
604%
.131%
I62%
T02%
00l1%
.220%

¥ ) bt bk

O O

o O RS Oy

O3

GO0 OO
. e

LNCU. bw
.NIKHEF . mnl
.Napoli.irc
Oxford ok

» as
JAAL-IEF . uk
JAAL. a1k

.Roma .ir
Sheffiald. uk

OO OO

DOO D W

-}

UCL-CCC uk

eg

@2004-08-10 Belween 2004 2503 - 2004-08-09
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DC04 Summary

LCG Job Statistics

Johs=

Submitted

210786

| %5ub |
100.00%

R &

185117

Aborted (not Bun)

37157

17 639%,

87 829, 100.00%,

20 079

70 029

79 739

Bunning
£~

Aborted (Bun) |

147596
| 34008

[ 34

| 16 24%] 18 499

Retrieved

113331

113

B3 77%l 61 .229%)|

Done

Jobs Llobs(k)! %Sub |

| 9%.Remain |

113368

113

53 789,

61.24%

Abarted (CP1] = 6h)

10

4 73%

9971

5 39%,

QOutput Sandbox Analysis: 69K Successful jobs

LHCDb Accounting: 81K Successful jobs
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Conclusions
* DCO3 was very successtul
 DIRAC works! (“PULL” vs. “PUSH”)
* DCO04: many hiccups/problems solved

* include running on LCG (non-trivial)

To do:
* skimming of data
 1ncorporate distributed analyses
e employ more gridtools
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