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outline

l Recap on GW, AdV & aLIGO
l What happened since Michele’s talk in Rimini?
l Data flows and processing
l Computing model revision
l AoB

Biases & caveats:
l Talk from a VIRGO newbie
l Personal bias towards distributed computing

infrastructure
l So some activities left out (feel free to ask)
l Contributions from several people (see last slide)
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virgo
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worldwide network

(2019)

(2022)
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Looking for...

Burst sources:
l Compact Binary Coalescence

n Coalescing Compact Binary Systems (Neutron Star- NS, Black Hole-NS, BH-BH): 
Strong emitters, well modelled 

l Unmodeled transient bursts
n Asymmetric Core Collapse Supernovae weak emitters, not well-modelled 

(‘bursts’), transient 
n Cosmic strings, soft gamma repeaters, pulsar glitches 

Continuous sources:
l Continuous stochastic background

n Cosmological stochastic background (residue of the Big Bang, cosmic GW 
background, long duration) 

n Astrophysical stochastic background 

l Continuous waves 
n Spinning neutron stars (known waveform, long/continuous duration) 
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multimessenger astronomy
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multimessenger astronomy
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transient searches

Sky
localization

Public
Alert

Low-latency
searches

GW
candidate

Detector sanity, 
Data Quality, 
localization,…

Event
validation

A few
minutes ½ hour

Hours, 
days

l Parameter estimation
l GW Candidate Update
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public alerts
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03

Third Observational Period
l Started April 1, 2019

n 1 year + possible extensions
n Detection rate ≳1/week (expected: 102/year)
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ligo - virgo timeline
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ligo - virgo timeline
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102 CBC det./yr

103 CBC det./yr

104 CBC det./yr
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Data!

«Raw Data», ∼1PB/yr:
l Full Bandwidth Raw (7.5-10 TB/day) are not exported

n 7 days (40 TB) buffer @ EGO

l Raw Data (downsampled) includes calibrated and uncalibrated h(t) 
(3-4 TB/day) 

n 12 months circular buffer @ EGO
n copied to Tier-1s tapes for significant runs* (and a small subset of commissioning runs)

l Reduced Data Sets (RDS) are highly downsampled raw data for  
DetChar and data analysis (180GB/day)

n Stored in the EGO buffer for one year and permanently copied to at least two CCs

l aLIGO RDS is the same from aLIGO (60 GB/day)
n Directly copied to CCs

l Trend data are 1-sec & 1-min  min, max, mean and RMS values of 
all channels, 5-6 GB/day

n Stored in the EGO circular buffer and copied to all the AdV CCs permanently.

* These include science, astrowatch and calibration runs
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more Data!

Processed data for physics: 
l AdV h(t)

n sampled at 10 KHz, as ∼1kSec frame files
n Includes state vector (data quality flags, vetoes,…) 
n Stored in buffer @ EGO for low-latency searches and exported to all CCs

for offline analysis for significant runs

l aLIGO h(t)
n Copied online to EGO for low-latency searches and exported to CCs for 

offline analysis

l Mock Data Challenge h(t)
n 20 TB/yr of simulated data

Please note:
l Single-interferometer data have little scientific use
l Some research groups started asking for extra channels (e.g. 

magnetometers)

ℎ 𝑡 =
1
𝑅
2𝐺
𝑐+

̈𝐼 𝑡
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o3 data sizes

Data Data flow
[GB/day]

Target buffer 
length @ EGO

Buffer @ 
EGO [TB]

Offline storage
[TB per year]

Full Bandwidth 7500 ~ 1 week 41 –
Raw data 3000 1 year ~ 1000 745
AdV RDS 180 1 11 11
aLIGO RDS 60 0 0 22
aLIGO h(t) and
status flags

15 0 0 6

Trend data 5 3 5 1.5
AdV h(t) and 
status flags

10 1 3 3

aLIGO h(t) and 
status flags

15 0.5 3 –

MDC h(t) – – – 20

Additional	space	can	be	needed	for	interesting	segments	of	data	to	be	stored	for	longer	time.
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Dataflow schema
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03 online activities

l DetChar and Low Latency searches
n Running on plain VMs or through HTCondor

l Bulk data transfer
n Legacy solution based on  GFAL2 (CNAF) and iRODS (CCIN2P3) 

+ custom scripts

l h(t) files transfer
n Legacy solution based on LDR (Ligo Data Replicator)

l Low latency data distribution
n Legacy solution based on Cm (custom tool)

✔ Everything is working reasonably well, 
no immediate problems for O3, but...



Stefano Bagnasco - INFN Torino
AdvancedVirgo e il calcolo: stato e prospettive - 18/3475

03 offline highlights

l New MoU requires AdV to provide ∽25% of LVC 
computing resources
n Progresses, but still not reached

l Mostly CW pipelines running offline
n Both from AdV and aLigo groups

l Derived data expectations for O3 (3 detectors, 1 
year observation): 28 TB

✔ In general, groups are able to run
satisfactorily enough, but…
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...but:

l Legacy architectures, heterogeneous environment, 
custom tools increase the management and 
maintenance burden

l Analysis pipelines are very heterogeneous and often 
tightly coupled to a specific running environment (Grid 
submission, HTCondor cluster, shared disk,…)

l No clear boundary between «middleware» and analysis 
code

l (Almost) no common framework

l Resource contention is likely to happen at some point in 
O3; tools for prioritization, sharing and accounting will 
be needed
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way forward 1

l New groups joining Virgo with computing 
infrastructure expertise
n INFN-Torino, ICC Universitat de Barcelona, Louvain 

Tier-2

l Several activities ongoing
n See next slides
n Disclaimer: the following are to be considered 

evaluation activities. No final decision by the 
collaboration is yet taken about tools or architectures 
beyond O3.

n Intense coordination activity
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way forward 2

The collaboration is testing a number of technologies to 
evolve the computing infrastructure towards O4 and AdV+

n Provide a uniform runtime environment for offline 
pipelines

n Help pipelines adopt common submission and data 
access tools

n Interoperability with aLigo (and aLigo+)
n Use (a small number of) mainstream, widely used

tools to reduce support burden
n Data size increase not a big technical issue
n In perspective, try to transparently run on 

heterogeneous resources (OSG, wLCG-like, HPC, 
dedicated, opportunistic, whatever)
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computing model revision
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ligo offline model

for organized bulk data transfer

Uniform runtime environment in US 
centres:
l HTCondor for workload management
l CVMFS for software and data namespace

distribution
l StashCache (xcache) for distribution of 

both aLigo and AdV h(t) data
https://arxiv.org/pdf/1705.06202.pdf
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cvmfs and xcache for data distribution

l There is currently no «file catalogue» like the 
ones most HEP experiments use

l CVMFS can be used to export a filesystem-like
namespace and provide uniform access
n Authenticated access trough OSG-developed x.509 plugin
n «External data» feature + client plugin used to access data
n xCache hierarchy provide data distribution

l StashCache instance exists at UvA
n So CVMFS data access works at CNAF (but poor performance)
n Another StashCache instance at CNAF, or…
n …reuse work by D. Ciangottini (CMS, see Diego’s talk)
n Under investigation at CNAF (L. Morganti et al.)
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rucio for bulk data transfer

l Data management tool
originally from ATLAS 
n (you heard about it)
n Rucio provides policy-based replication and 

interfaces to most storage systems
n Already chosen by aLIGO
n Test activities already undergoing for transfers to 

CNAF and CCIN2P3
n Fixing minor issues (e.g. checksums for different

GridFTP implementations)

l Also, it can be used as a fully-featured
Data Catalogue!
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htCondor for workload management

l HTCondor is gaining 
momentum in Grid sites
n CNAF for one!
n And is the standard running environment in aLIGO sites

l Some pipelines currently depend on HTCondor
n Difficult to decouple actual physics analysis code from pipeline 

management (that inlcudes HTCondor API calls)

l Obvious strategy would be to “use HTCondor for 
all submission”
n To provide uniform job submission and management
n To minimize pipeline migration effort

l However…
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htCondor for workload management

l However, HTCondor can be 
many things…

n a cluster’s local workload management and submission system
(the cluster may well be virtual);

n a distributed computing platform for a network of sites, via 
pooling and flocking mechanisms;

n a grid site’s underlying LRMS;
n a component of a Grid site’s CE implementation, the CondorCE;
n a linear combination of the above.

l AdV strategy is still not completely clear
n And some ML pipelines use Apache Spark
n But please see next slide
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a further futuristic fancy idea
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and dirac?

l No comprehensive workload
management platform/framework
n DIRAC a good candidate, but not an immediate priority

l DIRAC was a good candidate also for data 
management one year ago
n However, aLIGO chose Rucio (which is a good solution anyway)
n Several ongoing activities to use Rucio and DIRAC together
n e.g. see talks by Belle2 and RAL at last DIRAC workshop 

[https://indico.cern.ch/event/756635]
n Preliminary exploration in Virgo (G. Fronzé, L. Rei)
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other ongoing activities

l CVMFS infrastructure for code distribution
n Stratum-0 and Stratum-1 @ EGO, Stratum-1 @ CNAF?

l Apache KAFKA for low-latency data transfer
n Replacing legacy tools

l Git + CONDA + cmake for code and build
management
n Replacing SVN + CMT

l Docker/Singularity evaluation
n For a number of uses

l …
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a possible overall picture: data

Local activities @ EGO omitted and only one CC for clarity

Low-latency 
data transfer

Bulk
data transfer

CNAF

xCache

A Fancy 
Site

Another 
Fancy Site

CVMFS + 
Caching

Bulk data
transfer

Or hierarchy 
thereof
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a possible overall picture: jobs

* Here magic happens

A Fancy 
Site

Another 
Fancy Site

DoDAS*

Local activities @ EGO omitted and only one CC for clarity

Virtual Clusters “as-a-Service”
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gw open data

l Relatively simple data
n 10 kHz time series + data quality metadata

l Dataset not huge
l Very strong case for interoperability

n Network of interferometers
n Multimessenger astronomy

l NSF requirement for LIGO 
n Also Virgo had to comply 

l Policy in place
n Release after 24 months latency
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GW open data

Data become public after 24 months
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Sarah Caudill (Nikhef), Franco Carbognani (EGO)

INFN Torino: Gabriele Fronzé, Stefano Lusso, Sara 
Vallero

INFN Genova: Luca Rei

EGO: Stefano Cortese, Giuseppe di Biase

ICCUB: Jordi Portell i de Mora et al.

CNAF: Lucia Morganti, Stefano Dal Pra, Diego Michelotto

…and of course the staff at CNAF Tier-1 and EGO IT.


