DIRAC Distributed
Computing Services

A. Tsaregorodtsey,
CPPM-IN2P3-CNRS

CHEP 2013, Amsterdam, 17 October 2013

ODIRAC

THE INTERWARE




ODIRAC Plan

THE INTERWARE

» Motivation and brief history
From LHCDb to a general purpose project
From community to a general purpose service

» DIRAC as a Service

France-Grilles and other services
Resources available
Services available

» Conclusions



ODlRAC Massive computations: HEP

THE INTERWARE

» LHC experiments pioneered the massive use of
computational grids

|Os of PBytes of data per year
| 00s of thousands CPUs in 100s of centers
|0s GB/sec network transfers

| 00s of users from 100s of institutions

» Other domains are catching up quicRly with the
HEI? experiments

Life sciences, earth sciences, astrophysics, social sciences, etc



ODlRAC Massive computations

THE INTERWARE

» The computing expertise level in non-HEP scientific domains is
relatively lower

Grouped around well known applications and scientific portals
Moving existing applications to run in distributed environments is still difficult

» Convenient tools for small research groups with no local gurus are
clearly needed

» All LHC experiments developed their own middleware

PanDA, AliEn, glideln WMS, PhEDEX, DIRAC, ...
WMS with pilot jobs, intelligent data management, software distribution, ...

» Experience of the LHC experiments in using distributed computing
infrastructures should now be made available for non-LHC user
communities



ODlRAC Interware

THE INTERWARE

» DIRAC provides all the necessary components to
build ad-hoc distributed computing infrastructures
Interconnecting resources of different types,
allowing interoperability and simplifying interfaces.
This allows to speakR about the DIRAC interware.

User Community
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Towards general

O DIRAC purpose middleware

THE INTERWARE

» Several new experiments expressed interest in using this
software relying on its proven functionality

» In 2009 the core DIRAC development team decided to
generalize the software to make it suitable for any user

community.
Separate LHCDb specific functionality into a set of extensions
Introduce new services to make it a complete solution

Support for multiple small groups by a single DIRAC
installation

General refurbishing of the code, code management,
deployment, documentation, etc

» This work made it possible to offer general-purpose DIRAC
services to any scientific community
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O DIRAC Community installations

THE INTERWARE

» LHCDb stays the most important client of the DIRAC system

Using DIRAC for all the computing tasks:
% WMS, DMS, Data Production Management, Accounting, etc

See presentations , ., and others
» Belle ll
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ODIRAC Community installations

THE INTERWARE

» |LC/CLIC detector Collaboration

-Ip MC simulations
! DIRAC File Catalog was developed to meet the ILC/CLIC requirements
e See poster

» BES I, IHEP, China
Using DIRAC DMS: File Replica and Metadata Catalog, Transfer services

BESIII ﬂfperiment Dataset management developed for the needs of BES I
» CTA
CTA started as France-Grilles DIRAC service customer
Cta Now is using a dedicated installation at PIC, Barcelona

Using complex workflows

chesenkov tefescope ary
See poster

» DIRAC evaluations by other experiments

Fermi-LAT, LSST, Auger, TREND, Daya Bay, Geant4, ...
Evaluations can be done with general purpose DIRAC services
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ODIRAC DIRAC as a service

THE INTERWARE

» DIRAC client is easy to install
Part of a usual tutorial

» DIRAC services are easy to install but
Needs dedicated hardware for hosting
Configuration, maintenance needs expert manpower
Monitoring computing resources is a tedious every-day task

» Small user communities can not afford maintaining
dedicated DIRAC services

Still need easy access to computing resources

» Large grid infrastructures can provide DIRAC services for
their users.
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ODIRAC France-Grid DIRAC service

THE INTERWARE

» Several regional and
university campus FRHNCE
installations in France (=I9I | =E&

L= | I g | ] S =—p—

Complex maintenance

» Joint effort to provide
France-Grid DIRAC oCNZP3
service =

Lyon, T1 center

Hosted by the CC/IN2P3, =) Ko

Project
6 virtual servers, MySQL Coordination
iribu
. . . LUPM DIRAC Project
Distributed team of service SF
ad min IStratO I'S Administration SO LI

5 participating universities

http://dirac.france-grilles.fr
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ODIRAC FG-DIRAC users

THE INTERWARE

» France-Grilles users
15 VOs, ~100 registered users

astro, auger, biomed, esr, euasia, gilda, glast.org, prod.vo.eu-eela.eu,
vo.cta.in2p3.fr, vo.formation.idgrilles.fr, vo.france-asia.org, vo.france-

grilles.fr, vo.msfg.fr, vo.mcia.fr
Total Number of Jobs by UserGroup

r'o bot u Se r's 68 Weeks from Week 18 of 2012 to Week 34 of 2013
VIP/GatelLab Biomed

Science Gateway

More VO’s and users can be
added as necessary .
In production since May 2012
~7 millions jobs went through LB B

13
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ODIRAC DIRAC in biomed

THE INTERWARE

» Use of computing resources in the biomed grid community
DIRAC instance provided by France-Grilles since June 2012

CPU years

300 biomed VO - total o

biomed VO - using DIRAC s
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ODlRAC Last month FG-DIRAC snapshot

THE INTERWARE

Running jobs by Site
30 Days from 2013-09-15 to 2013-10-15
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ODIRAC User Support

THE INTERWARE

Heavily used for the grid tutorials
Using resources of the VO france-formation

Support for users, applications
Forum for experience dissemination
Help in porting applications to the grid
Help new communities to try out DIRAC for their production
systems

Fermi-LAT - G)crnu,
LSST

16
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Resources available via the DIRAC service



ODIRAC Grids & Clouds

THE INTERWARE

» Support for grids with based on different middlewares
glite: EGI, GISELA, etc
VDT: OSG

ARC: NDGF sites, RAL, ...

Other types of grids can be supported
As requested by customers

WMS
» VM Scheduler originally developed ODIRAC
for the Belle MC on Amazon EC2

Dynamic VM spawning taking into 2 / -

account the Task Queue state ’

Discarding VMs automatically when /

no more needed Cloud €

Cloud -
Multiple Cloud managers/APIls are now Ao e
supported — e

OpenStack, OpenNebula, o oue

CloudStack, EC2, OCClI -+

See M.Ubeda’s talk



ODlRAC Other computing resources

THE INTERWARE

» Non-grid sites accessed through an SSH tunnel
No grid middleware installation needed on site

Examples:

DIRAC.Yandex.ru

1800 cores, Torque batch system, access by SSH
Second largest LHCb MC production site

LRZ Computing Center, Munich

SLURM batch system, GRAM5 CE service, gateway access by GSISSH
Considerable resources for biomed community (work in progress)

HPC mesocentre Aix-Marseille University
OAR batch system, access by SSH
Open to multiple communities

» Volunteer resources
European Desktop Grid Initiative (EDGI)
access through a special CREAM CE service
BOINC based solution with virtualized client nodes

» All the computing resources are combined transparently for the users
19
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ODlRAC Basic services

THE INTERWARE

» Resources description and monitoring

» WMS - pilot based management of user jobs
Job submission, monitoring, retrieval

» DMS - managing user data basic tasks
Access to standard Grid Storage Elements
Providing DIRAC Storage Element in CC/Lyon

DIRAC File Replica and Metadata Catalog
“LFC+AMGA?” equivalent

Several LFC services configured in DIRAC DMS
» Accounting
CPU and storage resources consumption, data transfers

Throughput by Channel
7 Days from 2013-03-14 to 2013-03-21

JobMonitoring: Global Statistics: Site

OICGCERNGh 56760
o0 LCGUNINAIE A 210
2 CounmAl 3950
- LCGDESYde 30910
Job CPU efficiency by UserGroup LcG.pESYde ANY LCGROMASHt  3039.0
GNP 26360
24 Hours from 2013-03-20 19:00 to 2013-03-21 19:00 UTC L IR uk 18530
1500 LCGNKHER 17790
LG ROMA3.t LG PISAL 16500
o GUKGuK 16100
o - B LCG SBG fr 14780
2 B LCGLALT 14650
£ oo B LCCUKACUK 14030
N LCG.CERN.ch [ LCGM3PEC.fr 10430
. LGIN2P3 I B LCGCIEMATes  1017.0
inc B CCCATANAR %520
5 LCC BARI 1t %10
o [ B (COUKIRALPPUK  778.0
i : e v B lCeverer™ e
| | B e B LCG PSNC pl 420
g i | ! O (CCPADOVAR 7260
3 i nh T 0 LCCJINR v 770
% B 0 LCG CNAFt @00
9013.03.15 20130316 0130317 20130318 20130319 20130520  N— LCG SARA I 684.0
Max. 2,062, Min: 15.2. Average. 435, Curtent: 231 LCG FEPuK
ok dota LCG UNAM.mx 657.0
LCOLPNKERT  468.0
£ CERN MC_MDST » CERN MCOSTEOS  514% H LCG CNAFIL > CNARUSER 0% LG LoE oo
B CERN M.DST - CERN DSTEGS 395 B LCG GRIDKA de -~ GRIDKABUFFER frid \cePisA

B CERNRORT = CeRnRDST 35% B LCC RAL uk > PALBUFFER 09 o LCGACADbg 4560
O RAL-RDST -> RAL-RDST. 16% B LCG.CNAFit -> CNAF-BUFFER 08% LCG.EFDA.or 4320
5 CERNDST » CERNDSTE0S T6% B LCG GRIDKAde > GRIDKAUSER 08% nch_aamin LCGULAKBIMLr  423.0
B LCG CERN n = CERN.DSTEOS T6% O CERNDST.EOS - CERNARCAVE 7% LCG.UKIG uk Cuk %30
1 SARARDST = SARAROST 15% B CRDKAROST > GRIDKLRDST 7% LCG CBPFbr 20
B IN2P3 RDST > INaP3 RDST 10% [ LG CERNch > CERRUSER 4 ETU.tr 2050
B LCC GRIOKA e > GRIOKA MC.0ST 1% plus 1133 more (CCDATAGRIDS 3830
10w 2007 - 170
Tl LCG.IISAS sk 162.0
LCCTORNO® 1510
o Mattipie 1230
1900 00 300 0Lo0 G300 (00 0200 600 1100 1300 1500, 100 1ace LCG T de Bio

plus 26 more

Generatedon 20130321 13.45.37 UrC




ODIRAC Interfaces

THE INTERWARE

» Web Portal

Support of most of the user tasks ( jobs, data, monitoring,
management )

Secure with X509 certificates

» DIRAC RESTful interface

Language neutral

E.g. Scala client is available ( OpenMOLE Project)
JSAGA DIRAC plug-in is available
evaluated by the Science Gateway portal project

» Other interfaces include
Extensive Python API
E.g. used by GANGA user front-end
A rich set of command line tools ( >200 commands )
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0 DIRAC Web Portal: example interfaces

THE INTERWARE

8006 / ) CTA - DIRAC x
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O DIRAC Advanced services

THE INTERWARE

» More advanced services can be made available
Following the user demands

Transformation Service ( automated, data driven job
submission )

Replication Service ( automated data replication )
Data integrity inspection

User storage consumption accounting

Support for MPI jobs

» Hosting Community DIRAC services

Specific services developed in the DIRAC framework can be
hosted in the same infrastructure

24



0 DIRAC Other national services

THE INTERWARE

» GISELA Latin American grid

In production since 2010

Since 2012 GISELA DIRAC services are provided by France-Grid
» Ibergrid Spanish/Portugal NGl

Magic, Gaussian experiments, ...
» DIRAC services in an evaluation/start-up phase

GridPP, DIRAC installation in Imperial College
NAG62, T2K, LondonGirid, ...

|GI, CNAF
CNGrid, IHEP, Beijing
BOINC, ex-GOS sites, IHEP supercomputing centre
TREND, Daya Bay Neutrino Experiment @g

» ILC/CLIC+CALICE multi-VO installation at CERN
Considering GEANT4 VO to join this service

» More projects in testing and/or discussion:
Ukraine, Russia, ...
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CDlRAC Conclusions

THE INTERWARE

» Distributed computing is no more something exotic, it is used
in a daily worR by users in various scientific domains

» LHC experience and tools should now be shared with other
user communities

» DIRAC provides a frameworR for building distributed
computing systems and a rich set of ready to use services.

» There is an increasing number of regional and national
DIRAC service projects

» DIRAC can help users to get started in the world of
distributed computing and discover its full potential

Ok 310

http://diracgrid.org &
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