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Overview

e Multi-Messenger and Time-domain Astronomy: challenges and successes

e Ecosystems for supporting science lifecycle: data, process/workflow/service, and knowledge
stewardship

e Development environment for crowd-sourcing scientific workflows

e Knowledge Graphs, Linked Data, Ontologies: why do we need them and how to use them

e Integration with Publications

e Synergies with other related developments within astronomy and other domains

e Future plans, hopes, open questions



Multi-Messenger Time Domain Astronomy Radio

Exploding field! “Just” a star

Last decade key new observables were
discovered, and conventional telescopes
dramatically upgraded to match.

Number of alerts and volume of data we
deal with increased by couple orders of
magnitude in the last years, and several
nearly-ready telescopes promise another
comparable increase
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Multi-messenger astronomy is collaborative and fast

IPN Fermi /
INTEGRAL

Fermi + INTEGRAL
“Triangulation”

unique multi-mission approach

VS+ 2017, LVC 2017
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Our focus on broad synergies allowed us to take a leading role or contribute in
some of the key recent discoveries in our domain:

e Detection of the first Gravitational Wave - Light Burst coincidence (2017)
e  First detection of light emission from high-energy neutrino source (2018)
e Discovery of the origin of a Fast Radio Burst (2020)

And it’'s getting worse: much more data, more diverse.
It's getting really hard to keep up with volume and veracity



Mostly-human Astronomy

Reaction to sky: slow

Reaction to papers: slow

Trials (p-hacking): uncontrolled
Publishing: slow

Scalability: bad

Creativity: high
Communication: nuanced but
imprecise and slow

%“: Human reaction and processing
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, even if it's within even one person. But people are smart



More robot, but even more human

“ldeal” picture: most reality halfway there

(0O]
e Reaction to sky: fast . \
e Reaction to papers: fast
e  Trials (p-hacking): controlled
e Publishing: fast oo
e Scaling: good =g
e Creativity: low 4L/
e Communication: precise, limited 1
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° : always lacking developers who are also research scientists.
e If allis automated, , since they do not speak robot

° Robots are , but in new situations.



Tools for exploring, transforming research data o W %

https://www.astro.unige.ch/mmoda
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Deploy your own copy! https://github.com/oda-hub

Multi-Messenger Online Data Analysis
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NTEGRAL JEM-X

Instrument query parameters :

Object name *

4U 1700-377
RA* Dec*

257.815417 41.593417

The right ascension. The declination.

Start time * End time * Time
unit
2003-03-15T23:27; 2003-03-16T00:03:
ISCv

INTEGRAL SPI-ACS Polar Magic  Antares

Contact us 2

Signin )

Help ©
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0SA102 v

oayat 159 PM &

Updated yester

CECEY N RTS8 Share || o Share || B Download

@

Science Windows

@® Select for time

Use INTEGRAL poiff ~

Very hard to build these tools, need expert astronomers with
state-of-the-art tool-building skills self.

Source : GRB120711A - isgri

Processing

10ad @ | Catalog | L

Source : GRB120711A - Image catalog.

srcnames 15 significance | ra dec NEWSOURCE | ISGRI FLAG]
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https://marketplace.eosc-portal.eu/services/astronomical-online-data-analysis-astrooda



Development space: help scientists make robots % &

. . integral-visibility
There are much more scientists who can make a -

jupyter notebook than write organized code. Overview Collaboration Files Datasets Sessions Settings o SDSC

« Back to sessions list E PFL Ell‘lﬁ"'ﬂh
J U pyte r H U b (s) 4 G Oog I e - COI I a b ’ E SA Da ta La b s 4 Branch [4 master Commit [ 85a64be9 Resources 0.25 cpu | 1G memory | 1G storage Running since 3 hours ago
Ren ku — _" File Edit View Run Kemel Git Tabs Settings Help Mem:731 MB

!

- m *t C 7 test_visibility.ipynb X | [ integrabvisibityipynb x| n
:i) i 8+ X0 D == I:TEG:AL co:le!y rzu;&ufm:nz 14 DO RO
Continuous integration and testing ol = s
. - - 0 Name - Last Modified
Supports in publishing of data and code (e.g. o =~ =~ T

. m notebooks 3 hours ago
in zenodo) & Do

W . anvionme... 3 hours ago

e Support in annotation for scientists and

robots reuse with ontology terms ot

O Makefile 3 hours ago
O pip.conf 3 hours ago
7 planning-a... 3 hours ago

) i w ours ago visibility summary['esac']
Develops and integrates metadata in a e S P—

O secretlimited 3 hours ago ‘on_peak_frac': 1.6,

‘on_probability': 0.5933975973212301,
( see I a t e r) @ service_ex... 3 hours ago ‘visible': .5933975973212301,
8 skymap_vi 2 hours ago 'peak of target': [51.026785714285715, 48.141207794360284],
- ‘peak_of visible': [51.026785714285715, 48.1412077943602841,
I skymap_vi.. 2hours ago ‘points': [{'descr': 'total visble', 'prob': 0.5933975973212301},

@ test_logsta. 3 hours ago {'descr': 'peak’, 'ra': 51.026785714285715, 'dec’: 48.141207794360284},
. i - {'descr': ‘visible peak’, I
7] test_planni 3 hours ago ‘ra': 51.026785714285715,
This process creates a collection of notebooks and re: sLemmsTIeS,
= {'alt_descr': 'peak at 5 deg scale',
@ visibility_c... 2 hours ago descr': ‘best for staring',

other workflows, but they are only really accessible Wbl n..  2housago s,

i nte ra Ctlve I y O n e - by - O n e ‘distance to_true peak_deg': 16.453870006118873,

‘distance_to_now': 45.0471614606983},

simple O[O0 ® ¢ Python3(ipykernel)|lidie Mem:731.46 MB Mode: Command @ Ln1,Col 1 integral-visibilityipynb



Making the developed workflow available as a web tool

jupyter may be easy, but sometimes we want just put parameters and click one button in web interface.

And even more so, we want to leverage workflow as a service, possibly calling from another workflow

We are publishing the live tool, not just it's output

VU SuUos  waks

Overview

Branch [ master
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) decals.ip.
[ DESCRI
[ Dockerfle
Y environ,
N = finalani

7 finalpynb

[ imagefits

A outipynb
outputip.
READM

v

D requirem
[ requirem.
=~

laboration ~ Files

Commit (£ 05dicdd6

File Edt View Run Kemel Git

+ c

Q

Last Modified
21 minutes ago
21 minutes ago
21 minutes ago
21 minutes ago
21 minutes ago
21 minutes ago
21 minutes ago
21 minutes ago
21 minutes ago
21 minutes ago
21 minutes ago
21 minutes ago
21 minutes ago
21 minutes ago
21 minutes ago

21 minites ann

Datasets Sessions

Settings

Resources 0.25 cpu | 1G memory | 1G storage

Settings  Help

@ Launcher

Running since 21 minutes ago

X = Legacysurvey_tap.pynb

B + XD M » = Cc » Code v
[2]: # name input = "PKS 1156+295
# name_input = "Mrk 421"

“Cra

"PKS 2155-3
e_input = "QSO BO229+200"
input = *NeC 1068
name_input = "*

ra_s = 166.113808 # ra in degree
dec_s = 38.20883: ¢ in degree
inage size = 3. #
radius_photometry = 1
dr=9 # data rel
image_band='g"
pixsize=1.

resec per pixel

from astropy.io import ascii
import numpy as np

from numpy import pi, cos,sin
import os

# astroquery API th
from astroquery.ned import Ned

from astroquery.sinbad import Simbad
simbad.add_votable_fields("otype')

0
Q st

grate flux of all sources within

t will be traced by Renku plugin

ren<u

this

Python 3 (ipykemel) O &

radius)

Mem:151 MB

M- Messenger Onlne Dot Analsis

UNIVERSITE
steneve. ®spc EPFL

Object name *
ngc1033

RA*
40.067160416667

The right ascension.

Start time *

2019-04-25T08:18:00.000

Dec*
-8.7769544444444

The decination.

End time * Time uni

2019-04-25T08:18:15.000 150/1!

INTEGRAL ISGRI

INTEGRAL JEM-X

INTEGRALSPIACS  Polar  Antares  GW

Instrument query parameters

Data Release

DR9

Product Type
@1mage
OPhotometry

Select product type.

image size

3

Image Band
[C}3
Or

Select image band

aramin

159 | Download® | Catalog

Sig. Range: 0.01 .. 10.96

Pixel size

Legacysurvey

[2022.02.2¢

Query parameters | Log | Share® | APicode®  Publisi

Toggle Log. Nom



Helping to request MMODA services from Jupyter/Renku

Building new workflows by using results of the existing ones

[2022.06.09T17:28:32] A %
[ —_— —

Source: 1E 1740.7-2942, 2 sec

Query parameters |~ Log = Share @ | APIcode r “i. view on Renku @ I
ScWs List Copy :

_—_—J

1 Source: query, 2 sec [2022.06.09T17:28:32] A « Back to sessions list
Branch [ mmoda_request_5701d90f0b2fdf5c ~ Commit [£ 53dfbc08  Resources 0.5 cpu | 1G memory | 1G storage  Running since 4 minutes ago
Download @
.~ File Edt View Run Kemel Git Tabs Setlings Help Mem:192 MB
pourceNsme Start Time: 2017-03-06T13:26:48.000 o —_—
- L h ] de_5701d90f0b2fdf5c
3 EN- : o  Launcher X 1 api_code . %
query 4 | 5 B + X DO [ » m C » Code v @ sit Python 3 (ipykemel) O #
. . ’ )
Showl 10 1:2408:5 - Notebook automatically generated from MMODA =
N
1 Name N Last Modified
4 m data 4 minutes ago [2]: from oda api.api import DispatcherAPI
disp=DispatcherAPI(url="https://www.astro.unige.ch/mmoda//dispatch-data’, instrument='mock')
4  notebooks 4 minutes ago
1 -29.74516667,
il [ Dockerfile 4 minutes ago 26597845833,
o *» y: environme. 4 minutes ago 2017-03-06T13:26:48.000",

M README.md 4 minutes ago

1 [ requireme... 4 minutes ago

1.200e+5 - #

Rate (cts/s)

1.180e+5 +

Ontology-based service schema

"2017-03-06T15:32:27.000",
T format": “isot",

“time bin®:
“time bin_format":

2.0,
"sec”,
+

data_collection = disp.get product(**par_dict)

please beware that by default, in a typical setup, oda api will not output much. To learn how to
increase the verbosity, please refer to the documentation: https://oda-api.readthedocs.io/en/lat
est/user_guide/SciencewindowList.html7highlight=logging#Let's-get-some-logging .

To disable this message you can pass .get product(..., silent=True)'



Feedback loop for crowd-sourcing workflow catalog

Publishing renku workflow as discoverable
Scientist develops data reduction and executable asset

with deep scientific expertise
uery parameters = Log = Share® | APIcode @
/ \éJ Mlt-Messenger Oline A o i S d

+
10
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= Fle Edt Vew Run Kemel Gt Tabs Setings Hebp Mem:151 MB
- B ot c @ Launcher X Legacysurvey_tap.pynb @
9 QB+ XDD > eon e O Python 3 (ipykernel) O &
ter o
o -/ [2]: # name_input = 1156+295" & 100
g ¥ name input = "Mrk 421
Name - Last Modifed P
© 5 gecasip.. 21 minuesago # nane_in PrS 2155-304"
# nane_input = "050 80229+200" )
@ _ Doescn 21 minutes ago ¥name. Tnput = ‘NGC 1068 .
= D Dockerfile 21 minutes ago name_input =
r; environ.... 21 minutes ago ra_s = 166.113868 # ra in degree Branch [ mmoda_recuest_5701dS0f0b2(di5c  Commit (f53dbc08  Resources 0.5 cpu| 16 memory |1G storage  Running since 4 minutes ago
¥ 1 dec_s = 38.208833 # dec in degree “ L " v o 9 “
R finalani 21 minutes ago inage_size = 3. # in arcmin (integrate flux of  _ |~ re tat Vew mn Kensl Gt e
SRS Sl radius photametry = 1. # in arcsec
d o o dr=9 # data release - EN -
D imageits 21 minutes ago inage_band="g" # 5 o LB xDOsacn ok 0w Pt
2 xsizes1. # arcsec per pirel )
(B Legacys... 21 minutes ago PSS L o . Notebook automatically generated from MMODA L]
W LegacyS. 21 minutes ago a Last Moated 107"
from astropy.io import ascii © [2]: from oca api.api inport DispatcherAPl
] New sst.. 21 minues ago inport numpy as np T s + pisp soter, Lt rimntesmocks
(] outipynb 21 minutes ago el L L T = — par dteest
import os o_code_.
] outputip. 21 minutes ago E © ockaitc S minos ag0 o
¥ READM. 21 minutes ago v
M mi Aminasago '
. Workflow catalo g ol e )
[ requirem.. 21 minutes ago
- b
—_— : w w4 View on Renku
 A—— data collection = disp.get product(*+par dict)
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— new wWorkriow
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(.

-/ Automated workflow testing, benchmarking, reaction
i to space events, etc

Scientist creates new workflow leveraging the existing
one



Add “creativity”: Knowledge Graphs

People know a lot, and form free associations. Robots have much information too. st
E.q. much insight is reported in GCN Circulars but only accessible to people. o

Focus. has_input_binding

\ oda:relatedTo \ oda:flow

__—odazevent_tim \ oda:flow
| .. e _ it lnpnt:_type
. . . : - e \ - —
e  Global linked identifiers - URI (ivo://, http://, ..): building common i, g o s i \\,1 A
vocabularies. URIs point to documents, workflows, data, astro objects i \ L W: e
Explain possible relations in ontologies j y . = \ %
i . . hl’r/ﬂ"r‘"m"‘}wé‘ Input_source_name 1/”’"""" ( odainput_source_name | oda:flow wﬁ input_type \< input
Embedding and following references, to express connections between P < . g
i & ‘\ \\‘ Mrk 421 | \\*-—.,,_, = ~
different URIs (“ § odutow | oduinput e | Pan e e odastlow | adainput source name Se—
) 4 N
) ) %v nvé = \\\ C,'étvp(— odasflow “,“'
Need link more in the common KG language: e /"
“ AstrophysicalObject
, ¥ '«.“
we try to consume graciously I o s /
for annotating and publishing integrate code/workflows with data: making R
sure we produce cautiously

Using graph relations to rank and optimize publication production

Suitable balance between rigidity and flexibility of schemas. Linked Data ideas: make
it connected into larger world with it's language

OmeAR ORC
3
Y S eee
~/mm_w.zu gpos EUPAT
e, RISISS
paper:gcn31435 paper:NUMBER "31435" ; e @ enwocoia
paper:SUBJECT "GRB 220111A: BALROG localization ...";

OpenAIRE
= . &
™ paper:balrog_dec 6.380345e-01; B ii’:’:"*"'m’ Cé g%iiﬁw
\ Ny paper:balrog_ra 1.498846e+02; .
h a50N-LD {f} | paper:gbm trigger id 663621714 ; . '

. paper:grb_isot "2022-01-11T19:21:49.430000" ;

™ paper:location <https:/gcn.gsfc.nasa.gov/gen3/31435.gcn3> ; Publfed IR LR Tanca N
X paper:mentions_named_event <http://odahub.io/ontology/astroobject#GRB220111A>;

SSOAR  ReRfe
 protocols.io

. paper:source "GCN" ;
https://linked-open-data.space/ - small test example paper:url_json <https://grb.mpe.mpg.de/grb/GRB220111807/json> .



https://linked-open-data.space/

Harvesting metadata for KG

To find these workflows in automation, we need suitable
metadata.

SDSC/Renku uses RDF KG for storing workflow
metadata. We developed tools to harvest
astro-specific metadata from code runtime, in
particular by intercepting calls to other
services/workflows, and the parameters used.

Interactive Knowledge Graph Explorer

To make the KG more accessible to the user and the
developer, we made a jupyter plugin to show
provenance and ontology graphs along within
jupyterlab.

It helps to understand what was done and make choices ,
for new annotations. https://qithub.com/oda-hub/renku-aqs/



Time-domain astronomy domain has micro-publications: short,

rapid, high-impact, indexable/citable, with data embedded

Everything shared can be equally considered a
publication:

e new data segment

e automated alert

e nature paper

Need to build tools to explore and process these streams

URI Title

paper:gcn32182 GRB 220609A: Fermi GBM Final Real-time Localization
2022-06-08723:46:40

paper:gcn32178 GRB 220608A: Fermi GBM Final Real-time Localization

2022-06-08T703:13:20

paper.gcn32174 GRB 220606B: Fermi GBM Observation
2022-06-07714:26:40

paper:gcn32181 GRB 220606A: Fermi GBM observation
2022-06-08712:40:00

paper:gcn32173 GRB 2206068: Swift follow-up observations

2022-06-07711:40:00

Facts

Robots can automatically harvest and parse them

(e.qg. to RDF) -
A

DATE NUMBER SUBJECT gbm_dec gbm_ra gbm_rad gcn_authors gcn_from_email gcn_from_name grb_isot instrument mentions_grb
mentions_named_event mentions_named_event_type mentions_named_grb source

DATE NUMBER SUBJECT gbm_dec gbm_ra gbm_rad gcn_authors gen_from_email gcn_from_name grb_isot instrument mentions_grb
mentions_named_event mentions_named_event_type mentions_named_grb source

DATE NUMBER SUBJECT cites cites_gcn_id gcn_authors gen_from_email gen_from_name grb_isot instrument mentions_grb
mentions_named_event mentions_named_event_type mentions_named_grb source

DATE NUMBER SUBJECT cites cites_gcn_id gcn_authors gen_from_email gcn_from_name grb_isot instrument mentions_grb
mentions_named_event mentions_named_event_type mentions_named_grb source

DATE NUMBER SUBJECT cites cites_gcn_id gcn_authors gen_from_email gen_from_name mentions_grb mentions_named_event
mentions_named_event_type mentions_named_grb reports_characteristic source
1. paper:DATE: ['22/06/07 13:36:38 GMT]

2. paperNUMBER: ['32173]
3. paper:SUBJECT: [GRB 220606B: Swift follow-up observations]

4. paper:cites: {paper:gcn32170": {@id" ‘http:, y/paper#gcn:

5. paper.cites_gen_id: [32170]

6. paper:gcn_authors: ['J.P. Osborne (U. Leicester), K.L. Page (U. Leicester), M.G. Bernardini (INAF-OAB), E. Ambrosi (INAF-IASFPA) , M. Capalbi (INAF-IASFPA), D.N. Burrows
(PSU), J. D. Gropp (PSU), J.A. Kennea (PSU), PA. Evans (U. Leicester), A. Breeveld (UCL-MSSL) report on behalf of the Swift team:]

7. paper:gen_from_email: [pae9@leicester.ac.uk]

8. paper:gen_from_name: ['Phil Evans at U of Leicester]

9. paper:mentions_grb: [body]

170

Workflows

Explore

IE



KG-informed automation: computational "Experiments” (%,

i

Since KG contains records of workflows, with I/0
types, and data, it is easy to run “experiments”:
combine workflows with data and see what it gives.

Processes that do compositions, and objective

measures are also registered workflows.

View > Act~ Paper~ Objectives~ Objects ~

URI

paper:gcn29707
2021-03-24T11:24:43

paper:gcn29715
2021-03-24719:35:15

paper:gcn29718
2021-03-24720:10:22

nanararn207n0

0 more goals

“Act on new paper or observation report”
“Act on new software or data”: re-do analysis of a “test case =

assumptions about instruments

=
- —

“Act on new observation”: testing assumptions about physical reality
e “Act on new platform or time moment”: make sure platform runs

smoothly and is sane

This service implements standards discussed here here and here. Source of the deployment and the application

3 from 0 to 3 days ago todays last week future past GCNs arXiv ATel = Search for... l

Title

GRB 210324A: Fermi GBM Final Real-time Localization

GRB 210324B: Fermi GBM Final Real-time Localization

GRB 210324C: Fermi GBM Final Real-time Localization

RRR 21N202A: Earmi RRM datantinn

Facts

DATE NUMBER SUBJECT gen_authors gen_from_email gen_from_name grb_isot
instrument mentions_grb mentions_named_grb source

DATE NUMBER SUBJECT gcn_authors gen_from_email gen_from_name grb_isot
instrument mentions_grb mentions_named_grb source

DATE NUMBER SUBJECT gcn_authors gen_from_email gen_from_name grb_isot
instrument mentions_grb mentions_named_grb source

Workflows [i_

paper origin

INTEGRAL
follow-up

my affinity

fetch-workflow-
paper:.gcn29707

oda:me oda:cares_for
paper:gcn29707

Uncare



Building better papers by better leveraging information

Until now, we were building ad-hoc requests SPARQL to - o ——
select and rank suitable workflows.

This does not represent our own intuition quite as much “ b T T

as we believe it is currently achievable. W g A o . T

We are trying to build some ML to optimize paper Mo, [y
value (at minimum - impact) e
111111111111111111 o T
xxxxxxxxxxxxx 97"< - T Matck bClas:
uuuuu / o o = : ! Ty

””””””””””””

ooooooo

xxxxxxx http://odahub.io/ontology/




“Live” publications from data

To complete the science loop, we must rethink production of publications as well.

“Dead” publications kill the data by embedding mutilated irreproducible untraceable representations and
references to it.

“Live” publications are themselves workflow outputs, compiled from data.

/Linked Data\
Appendix~\ref{sec:association}).} K — .mw..‘ —
\begin{figure} 120000
\centering 118000
\includegraphics[width=1 inewidth]{acs_1c} 5 —_—
\caption{SPI-ACS lig curve of GRB~170817A (100~ms time ?
resolution), S 114000
detected 2 sefonds after GW170817. The red line highlights the 112000 1!
APO0S Qi SGum \Ghdwhigh D2s ap, S/N of —
: s 2 1 ) 1 2 3
l\VAR{search.ng‘p.%ﬂt: | round(l)}} n seconds since 2017-08-17T12:41:04 446
SPT=EACST TTE bTUe SMadéU™rdETon corresponas—e canse of one : :
) ) FiG. 2.— SPI-ACS light curve of GRB 170817A (100 ms time
standard deviation of the background.} e TTEDteems—datocicd 2 secondg after GAVITOS17: Theyed line high-
\label{fig:acslc} lights the 100 ms pulse, \ﬂm'h(s aft S/N of 4.6 in SPI-ACS. The
5 blue shaded region corresponds to a reage amsncamndard devia-

\end{figure} https://qithub.com/oda-hub/linked-data-latex/ tion of the background.



Exoplanets
The Ex

Synergies: DACE

Exoplanet community is facing similar
challenges to that in the multi-messenger
astronomy, and recently we discovered
potential for synergy with DACE project, as
our goals and means started to overlap

Formation & evolution

The Observation project gives access to exoplanets related observational radial velocity measurements, imaging and light curves.

O o

We are now actively developing horizontal Dynamical evolution stars Solar system
integration and re-use of tools and PlanetS @ “F -

technologies

Tim Brrelgtions  Data Selection Data Download ~Summary
~JAaviy [~ Ir a- @ @123 -« D Data Binning: None
T T T

e
T '\[' il ite

Other communities finding that analysis
services are beneficial, e.g. we are working
with similar development in Posydon project.

ARV [m/s]
o ES ~N o ~N £ o

0 50 100 150 200 250 300 350

e vty ] https://dace.unige.ch/


https://posydon.odahub.io/

Synergies: Particle physics, ESAP/ESCAPE; ESA/DatalLabs

EU/EOSC ESCAPE project developed ESAP ESA developed DatalLabs platform providing collection if

platform joining particle physics and astronomy. diverse interactive environments for space science and
technology. UNIGE/DepAstro was substantially involved

in use case definition and design of its components and

B/ I et ' is now involved in platform integration.
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https://datalabs.esa.int/

Synergies: EuroScienceGateway

Biolnformatics community has somewhat widely adapted Galaxy platform enabling open data

analysis services with distributed compute.

We joined (along with particle physics, material science, climate science) an EOSC project to bring our

tools and workflows into Galaxy platform.

The project also focuses on integration with publications and publishing workflows in WorkflowHub
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Summary

Why e

What °

How

Rapidly growing astronomy needs new intelligent automation, both fast and creative especially for:

O O O O

Multi-messenger and cross-domain research
Ensuring science results reuse and reproducibility
Avoiding repetition and saving energy

Teaching

Alongside with Astronomical Data Centers and often within, reusable practices for managing data analysis
processes develop, leveraging FAIR analysis “functions” (methods, workflows, tools) to Open Research Data.
Current project aims to consolidate and establish the ecosystem of tools and technologies developed by us,
leveraging synergies with other projects

O

Focus on workflow development environment allows to crowd-source tool creation with our MMODA
web-analysis platform

Workflow metadata in KG following Linked Open Data paradigm makes assets discoverable and re-usable
fits well in federalistic nature our community

Sustainability of this sort of activity is sometimes challenging, but the need to ensure it is recognized.

o O O O

Continue working closely with Data Centers for their needs

Added-value scientific services beyond basic Data Centers (e.g. multi-messenger)

Building up from infrastructure service provider level (e.g. extra services along with a computing cluster)
Building synergies (including technology integration) with other related projects is one of the ways to
make sure the developments continue being used and re-used. In part for this, all our work is open
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