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LiIGo Whatisthe LIGO Data [y es
orid? LSC)

 The combination of LSC computational and data
storage resources with grid-computing middleware to
create a distributed gravitational-wave data analysis

facility. « Compute centers at
» LIGO Hanford Observatory
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Why do we need the LIGO
“LIGO LSC
Data Grid -

 Low latency analysis is needed if we want opportunity to
provide alerts to astronomical community in the future

« Maximum scientific exploitation requires data analysis
to proceed at same rate as data acquisition

o Computers required for flagship searches
» Stochastic = 1 unit (3 Ghz workstation day per day of data)
» Bursts =50
» Compact binary inspiral = 600 (BNS), 300 (BBH), 6,000 (PBH) ......
» All sky pulsars = 1,000,000,000 (but can tolerate lower latency & ..... )
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Lico History of the LIGO Data [IKYes
o =

e Pre 2000:

» Commodity cluster computing shown to be ideally suited to LIGO
data analysis needs in prototype analysis

» Trade study shows that clusters also provide best performance per
dollar spent for LIGO data analysis

e 2000:

» Grid Physics Network (GriPhyN) funded via ITR program; LIGO is
one of the founding experiments

» R&D program to prototype and develop grid-computing paradigm for
data intensive experiments; LIGO portion funds development of LIGO
Data Replicator

» UWM deploys Medusa cluster (funded by MRI) “a system for quick
turnaround exploration, and development” = |
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Lico History of the LIGO Data [IKYes
o LSC)

e 2001:

» International Virtual Data Grid (iVDGL) funded via ITR program
» Deployment of a Grid test bed for data intensive experiments

» LIGO portion funds deployment of Tier 2 center at PSU and
enhancement of storage capabilities at UWM

e 2003:

» “Deploying the LIGO Data Grid; Grid-enabling the GW community”
proposal by the LSC to transition from R&D to production deployment
and use of the LIGO Data Grid.

e LIGO Data Grid now:

» Consists of 2000 (US) and 1000 (EU) CPUs with total peak
performance ~5 TFLOPS, 2 TB RAM, and 500 TB of distributed mass
storage, in addition to 1.2 PB of tape storage at Caltech.

» Provides dedicated computing support for data-intensive
gravitational-wave research by 200 scientists of the LSC.
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 dad Users and Usage

o LIGO Data Grid (LDG) supports ~200 LSC scientists

» Demand for resources is growing rapidly as experience increases
and more data become available
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rico LIGO Data Grid Research & LSC
Development

* LIGO production computing tests grid concepts at both the high
level of ideas & at the detailed level of tools.

 Example collaborative research with comp. sci.:

» LIGO runs a very larg dedicated Condor pool with a complex usage model
that stress tests Condor & identifies areas that need to be more robust —
excellent collaboration with Condor Team.

» LIGO’s environment has identified the need for Pegasus to better support
rapidly changing executables & to better integrate internal & external
resources to appear seamless to the user — ISI Group

» LIGO’s needs led to improved scaling of the Globus Replica Location Service
(RLS) to handle many millions of logical filenames, improved reliability of the
server, and an improved API for faster publication of available data and
gueries — Globus Team
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LIGO | |GO Data Grid Overview
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* Cyberinfrastructure for the LIGO VO
» Hardware - administration, configuration, maintenance
» Grid middleware & services - support, admin, configuration, maintenance
» Core LIGO analysis software toolkits — support, enhance, release
» Users - support
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LIGO | pG System Administration

Hardware and Operating System Maintenance

» Commodity hardware running Linux; track changes & enhancements

Grid Middleware Administration

» Deploy LIGO Data Grid Server, configure Condor, LDR & other
services.

Data Distribution and Storage

» SAM-QFS, commodity storage on nodes

» LIGO Data Replicator to transfer data onto clusters before jobs are
scheduled.

User Support

» This is a big job because we have many inexperienced users who

are prototyping analyses for the first time ever
LIGO-G050561-00-Z.



ViIGOo Grid services administration

and deployment

LIGO Certificate Authority

» Under development, needs long term personnel commitment

Problem tracking and security

» Crude problem tracking in place, needs effort to make useful

Virtual organization management service

» With 200 users, this is an essential service

Metadata services

» Data catalogs, instrument quality information, resource information ..

» Need better resource monitoring

Data Grid Server/Client bundles built on VDT

» Bundling of tools for users and admins on LIGO Data Grid
LIGO-G050561-00-Z.
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riGo Grid LSC User Environment LSC
(GLUE)

e Provides high-level infrastructure for running
applications on the LIGO Data Grid

» provides an infrastructure to simplify EE—
the construction of workflows by | |

treating data analysis applications
as modules to be chained together.

» use of metadata (e.g. data quality
information) allows complicated

workflows to be easily constructed.

» contains certain LSC specific v ———

metadata clients and servers, such — ol
as data discovery tools.
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i Pipeline Generation LSC

o Complicated workflows
» to perform all steps to search data from four LSC detectors

» workflow generation built on top of GLUE & LALApps analysis codes
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Online Analysis System
(Onasys)

LIGO

e How it works

Get segment list ,_% » |dentify data to analyze by query
to GSl-authenticating instrument

i segment database

Compute unused segments status & data quality service
I » Find data with LSCdataFind

Pause N"Y"S e » Configure analysis pipeline using
remain? or segmen
I user defined pipeline construction

Submit DAG to t00|

compute cluster

used segments

» Exescute on the grid

e ONIline Analysis SYStem
» Tools to automate real time analysis of GW data
» Built on top of GLUE

» Uses scientific data analysis pipelines from LSC users
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),
0 Onasys

 Built on top of Condor, GLUE,
Globus

« Database of job information
maintained to track progress
through workflow

* Online monitoring via a web
Interface which queries job
iInformation metadata
database.
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rico Results of LIGO Data Grid

Research

« The LDG has enabled 13 results papers on searches
for gravitational waves from

» binary neutron star and black hole systems,

» Isolated spinning neutron stars

» a gravitational stochastic background from the early universe

» gravitational-wave bursts from supernovae or other energetic events

e The LDG has also enabled more than 17 technical
data analysis papers

o Six (6) students have received PhDs based on results
obtained using these resources; Fifteen (15) more are
In pipeline
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LIGO

LSC

LIGO Data Grid needs

 Need personnel committed multi-years to support,
enhance and deploy this dedicated cyber-infrastructure

o System administration: 12 FTES
 LIGO Data Grid Services: 8 FTEs
o Core analysis software: 14 FTEsS

« Analysis profiling/help: 1 FTE
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