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® Strain data, h(t), is the time-series needed for analysis, recorded at 16 kHz

e This will be the same for Einstein Telescope as it is today for LVK
e Computing power needed scales ~number of events - a factor of 1000 using today’s s/w
e Assume a sister detector in the US - crucial to share data at low latency
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e Main question: Can we analyse data that

¥ Titsdsiss 5 contains 1000 times more events, including

1 Scope 10 long-lasting and overlapping signals?

’ ﬁg:{ivl;g%v&di? ................................ 15 e Main strategy: Build on the experience of LVK,
B iy = 1 1y v v leverage expertise particularly from CERN

o e * Much of LVK computing relies on the "Open
A e B e Yoo s e 2 8 Science Grid” (OSG), used to provision
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https://osg-htc.org/
https://wlcg.web.cern.ch/
https://htcondor.org/
https://rucio.cern.ch/
https://eosc.eu/
https://doi.org/10.1051/epjconf/202429510007
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Data Challenges for Einstein Telescope [l s

‘Mirror ® Strain data, h(t), is one time series sampled at 16

kHz, but ET will have more auxiliary channels than
datcter Virgo (cryogenics, advanced detectors)
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® (Qver-estimate ~100 PB/year of raw detector data

; : (very many auxiliary channels)
o o | &
L
0/ § O . § e This is significant, but largely for archive
PR S
1ot 12 ® To first order, most analysis only needs h(t
v 05 A A L {1 S
Z 0.0} o
B! U Il = ® about 10-100 TB/year
: 1O = Numerical relativity u “ ' 1| g
= . . ® Plus data quality and some metadata
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Compute Challenges for Einstein Telescope |Jj»

M I e ENSTEN

i N o> Low latency computing will deal with 1000 times more
mirror " g events, some of which will overlap

K Detector Detector
.

Light

detector ® |t currently takes ~30s to analyse data promptly and
| generate alerts using ~20k cores + ~500 GPUs

oy ® |ncreased signal sensitivity for ET means signals are
e/ - | = also in-band for much longer (minutes, hours, days)
@\
J P G - S ® A huge deal for multi-messenger science!
1.0 F =
7 o \ | 18 . .
2 zz \ A L% f; ® Using today’s s/w, ET could need 40M cores just for
805/ J _ i‘ low latency - this will NOT be what ET will use!
' 1.0 H—RNomerical relativity “ ' 1 &4
e 1 e ® AI/ML and GPUs are being aggressively pursued,
0.30 0.35 0.40 0.45
Time (s) see the Science Blue Book
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https://arxiv.org/abs/2503.12263
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Onsite computing for Virgo

s

e

Interferometer b
(ADC, DAC, processing units, front-end data acquisition, ....)
Input: 800 MB/s uncompressed data, with camera images P
Front-end data flow (compressed)

210 MB/s

i

Automation 0 h(t) reconstruction
Process Control and Monitoring data characterization
Online data visualization

-

\

Online data preparation

Data collection chain

,

»)}171717 Wl\/\) TELESCOPE

The onsite data storage
needs are significant, while
the computing power is
modest:

~500 cores

. e s ¥ v Y Data storage
" raw_full raw (x2 with backup)  rds trend h(t) @ EGO,
130 MB/s 60 MB/s 1.8 MB/day 0.1 MB/day 0.05 MB/s (compressed data)
buffer 10 days buffer >1 year 60 TB/year 3 TBlyear 1.6 TBlyear
K (100 TB) (2000 TB) permanent permanent permanent durlng runs J
| | | | |
H Y \/ Y Y @ CC
Permanent storage in Computing Centers (CC-IN2P3 and CNAF) during runs
.
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Scaling data rates to ET
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Data rate | DAQ Raw full | Raw RDS | Trend | Strain | DetChar

MB/s | 250 130 2x60 1.8 0.2 0.05 0.2 The scaling model per
TB/day | 20.5 10.7 2x4.9 0.15 [0.016 |0.004 |0.016 interferometer is

PB /year | 7.4 3.8 2x1.8 0.05 |0.006 |0.001 |0.006

ET =Virgo * 5

Table 2: Data rates for the interferometer before the O4 run, “DAQ 1s the
bandwidth used by the entire DAQ system, while the subsequent columns correspond to
data formats described in the text. Note that two full copies of the “Raw” data have
been accounted for, while for Virgo the second copy currently only covers 6 months.

e This accounts for
more auxiliary
channels and higher
sampling freq.

e The final number will

Data rate | DAQ Raw full | Raw RDS | Trend | Strain | DetChar depend on
MB/s | 1250 650 2x300 |9 1 025 |1 geometry.
TB/day | 104 54 2x25 0.75 | 0.08 0.02 | 0.08 We think this is very
PB /year | 37 19 2x9 0.26 |0.029 |0.007 | 0.029 conservative

Table 3: Data rates per|ET|interferometer.
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Onsite Computing needs for ET

Table 7: Baseline online computing requirements per ET interferometer for data storage

AN
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Minimal Operational The scaling model per IF is

scenario safety margin
Operations storage 800 1600 ET = Virgo * 5 (storage)
buffer (TB)
Long-term storage 20 40 ET = Virgo * 3 (CPU and RAM)
(PB)
CPU cores 2150 6450 The number depends on geometry,
RAM (GB) 6300 18900 and allows for more auxiliary
Netwotk 100 Gb/s 2 * 100 Gb/s channels and higher sampling freq.

We think this is very conservative

capacity, processing power, RAM memory and network speed.

While the computing power needed is modest, there is still a relatively large amount of data needed

onsite and, particularly during commissioning, an efficient data reduction strateqgy will be a priority
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ET Computing - energy footprint
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In the ET computing model, we present
== fradrwanid gy an estimate of the energy footprint of ET
ow-latency minium : : :
low latency computing, which is expected
to dominate

M I e ENSTEN
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This follows the methodology used by the
WLCG for worldwide computing needs

/// for CERN experiments (beyond the CERN
sites)
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Power Usage Efficiency (PUE) makes a
big differences, as do strategies that
PUE 1.3 PUE 1.1 PUE 1.3 PUE 1.1

100%CPU  100%CPU  Gpu/cPu  cpuiceu  leverage GPUs
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Sustainable Computing for ET )
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For ET, the biggest challenge for a sustainable computing
model is keeping computing resource needs under control
for ET’s 50 year lifespan

Time-critical data streaming framework

There are clear needs for a small, dedicated team of
Cnitiapli O:I.ic.:;vlation) Cniti:;li Oeb“s:;vzation) (Ofﬂine Pipeline 1) (Ofﬂine Pipeline 2) . . .
> i software and computing professionals to provide:

Event Manager
(generation, aggregation)

\ A common software framework

ET Event Database
(authoritative record, metadata/DOI)

Alert Generation
(JSON / VOEvent; Initial & Updates)

Comprehensive end-to-end testing of all ET software

I
Additional Observations
\ Orchestration

RS Event Enrichment Se el Event Enrichment Se e2
(Extemal alert pipeline 1) (( e.g.s kym ’:g ran{ )) \ (( e.g. parame 'tn tmrvt ) G nt broke %ent broker 1]

—
sy

/
\
Dissemination Networks \ Eventdatscachs
(SCIMMA / NASA GCN) ]
/
/

Intelligent analysis platforms that eliminate duplication

Scalable, portable computing infrastructure

(EM / neutrino)
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Software development best practice |

Continuous Integration Example — Integration Test

Continuous Integration

) - Integration Test
Deploy in def test_upload_to_local_gracedb(self):
Commit Build Test Package _uptoad_to_tocal.
> g teSt enV events_before_upload = get_number_of_events!
> even generate_candidate_event()
upload_candidate_event! )

Continuous Delivery

12 OSCARS

S
@28 ‘. Open %Cence(lj ters’ Action
"... for Research & Society

ET software must be made to follow software

\

o Univisrslityy ‘et Gereve development best practices

¢ BDEN

s, b || ‘\[ ET must provide intelligent, high-level interfaces like

' INFN-ET ' jupyte (oo ol Pl B . . . .
reckelty |1 ® @ ||~ ] = s nee } the Einstein Telescope Analysis Portal, being

rojec i \\\\___ /,\/ : . . .

B = = kwj developed in collaboration with CERN (funded by
__________ T LT G | 4, EOSC/OSCARS cascading grants)

: INFN-CE . VRE 54 [ |
Eﬁi:i:«i?jf:g . @_5 (@E : &%a I [ VRE Resource Usage Service

Ry B - o — .
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https://oscars-project.eu/projects/etap-einstein-telescope-analysis-portal
https://oscars-project.eu/
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Latency and computing resources .

On-site dedicated resources

- Lowest latency We require some resources that are completely dedicated
- Full control of hardware specification — —
- Operation is our responsibility to ET, e-g- DAQ
Off-site dedicated resources . . . . : :
i tere e entel LVK strain data is distributed (< 1s) to different sites to look
-1s - Imin latency tostart ETjobs . ' fOr GW event candidates, we will do the same for ET
- ET defines hardware requirements _ o _
- Operation is centre(s) responsibility Jobs must start 1s < 1 min of receliving strain data

Latency

---------------------------- o

‘ Off-5|te fixed allocations

- <1s latency of network to centre(s)

- 1min - 10min latency to start ET jobs
ET defines hardware requirements

Operation is centre(s) responsibility

Some post-processing (enrichment) for GW event
- = = candidates takes hours, added value but not urgent
Jobs should start 1Tmin-10min of receiving strain data

.--------
‘----------‘

Shared resources

- Latency depends on current load Data analysis of strain data, by collaboration members and
- Pledged resources on an annual basis = = = Iater by the WhOle astro Community

- ET suggests hardware requirements

Y - Operation spread across providers ~asynchronous wrt availability of strain data
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Latency and computing resources .

4 On-site dedicated resources
- Lowest latency

- Full control of hardware specification — — | ET will own these resources

- Operation is our responsibility

Off-site dedicated resources _ o _

- <1s latency of network to centre(s) ET will have privileged control over these offsite resources
- 1s - 1min latency to start ET jobs e o — . e

- ET defines hardware requirements (through well-specified secure protocols, not root !)

- Operation is centre(s) responsibility

Cost

: Off-5|te fixed allocations ':

- <1s latency of network to centre(s) ;

- Imin - 10min latency to start ET jobs ! == == ==
;
8
@

ET will have highest priority on these offsite resources,
capable of flushing a node of existing work

ET defines hardware requirements
Operation is centre(s) responsibility

Shared resources

Latency depends enictirentioad ET will have pledges on shared resources, guaranteed
- Pledged resources on an annual basis = = = _
- ET suggests hardware requirements runtime shared between ET members

- Operation spread across providers
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The ET Computing tasks

ET Laboratory ET Observatory

Time- and mission-
critical tasks

Detector operation
and characterisation

|
|
|
|
|
|
. | Data distribution
Active control , (kafka, etc)
|
Data acquisition | Searches
|
|
Calibration Par_ame't e
| estimation
|
; | Event & alert
Data quality : Ceneration
“Event enrichment
Data export | (skymaps, eto)
I ...............
Archival data | ." External alert: ~‘.
management I + coincidence

---------------

...............

« Control param. }
refinement  ;

---------------

--------------

\

--------------

---------------

1« Bulk data
I +_distribution .

-------------------------------------

ET Collaboration

Data analysis
and services

Data analysis

Science studies
for publications

Other
(beyond model)

Open science: web servers and similar

|
|
|
I Open science: data and similar
|
|
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Computing resources

On-site dedicated resources

- Lowest latency

- Full control of hardware specification
- Operation is our responsibility

Off-site dedicated resources

- <1s latency of network to centre(s)
- 1s - 1min latency to start ET jobs

- ET defines hardware requirements

- Operation is centre(s) responsibility

-------------------------------

: Off-site fixed allocations

E - <1s latency of network to centre(s) ;
* - 1min - 10min latency to start ET jobs !
' - ET defines hardware requirements |
i - Operation is centre(s) responsibility

Shared resources

- Latency depends on current load

- Pledged resources on an annual basis
- ET suggests hardware requirements

- Operation spread across providers

Paul Laycock
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An important caveat, the ET Computing
Model implementation will depend on the
site decision

e The ET Computing Model concept
defines the requirements

e There can be good reasons to minimise
the number of computing sites,
particularly for high priority tasks

In this talk, and the document, “Onsite
computing” refers to things that are strictly
required to be at detector site(s)
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