Inents

one observatory
two telescopes

three cont

SKA Science Data Challenges

SKAQO Scientist

Philippa Hartley
Swiss SKA Days 2022

Y

come g s,

" gyt

.
- -~
- -¢ >




The SKA data journey
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SKA Science Data Challenges

Primary goals:

e Familiarise the science community with size and
complexity of SKA data

e Support the design of future SKA observations

e Drive the development of data analysis techniques

Additional benefits:
eFamiliarise the science community with data access models
eTest SKA Regional Centre prototyping

eEncourage best practices for Open Science and
reproducibility

SDC data products are made publicly available for the long term




SKA characteristics
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Science Data Challenge 1

Continuum emission

* Continuum emission images, simulating
observations for SKA MID Bands 1, 2 and 5

®* Images populated by star forming galaxies (SFGs)
and active galactic nuclei (AGN)

® 3 telescope integrations each: 8, 100 and 1000h

®* High telescope sensitivity =2 highly crowded
Images

°* The challenge: to find and characterise
sources

* SDC1 website

Zoom-in of the 1.4 GHz maps, showing
the same region of the sky with different

telescope integrations: 8, 100, 1000 h
from [eft.


https://astronomers.skatelescope.org/ska-science-data-challenge-1/

Science Data Challenge 1

Continuum observations

Main findings:

® \/e ry C rowded skies demand new Square Kilometre Array Science Data Challenge 1: analysis and
results
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Affiliations are at the end of the paper

* Complementarity of methods: tendency

to score well either on finding galaxies or

Monthly Notices of the Royal Astronomical Society, Volume
500, Issue 3, January 2021, Pages 3821-3837

measuring them




Science Data Challenge 2
Neutral hydrogen (HI)

* 21cm spectral line image cube,
simulating deep SKA MID observations
(redshift 0.25 to 0.5)

®* Image cube populated by HI content of
galaxies

®* 2000 h integration time across 20 sq
deg field of view

®* The challenge: to find and
characterise HI sources

° Datavolume =1TB

Sample noise-free simulated HI image cube

* SDC2 website



https://sdc2.astronomers.skatelescope.org/

SDC2 results paper

SKA Science Data Challenge 2: analysis and results
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F. Combes1 >, J. Conway?3, J. Ding®, J. Freundlich*, L. Gao**, Q. Guo™®3, E. Gustavsson??, M. Jirstrand??,

e Mix of new and existin g techn iq UES, M. G. Jones®’, G. J6zsa>®, P. Kamphuis®®, M. Lindqvist??, B. Liu*?, Y. Liu*3, Y. Mao*®, A. Marchal®,
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learning M. Zhao*, S. Zuo*

Affiliations can be found after the references

e SOFIA package very popular thanks to Accepted XXX, Received YYY; in origial form 222
excellent documentation and ease of use ABSTRACT

The Squan{ Njlometre Array Observatory (SKAOQO) will explore the radio sky to Qdepths in

ordg r\®n luct transformational science. SKAO data products made avall tronomers

bed correspondingly large and complex, requiring the apphcatml v mud analysis

( 11ques 1n order to extract key science findings. To this end, SK. \ And uatmg a series of

@ Science Data Challenges, each designed to familiarise the ecun@ ommumty with SKAO

data and to drive the development of new analysis techni present the results from

(6 Science Data Challenge 2 (SDC2), which invited pamu é«( find and characterise 233245
Q neutral hydrogen (HI) sources in a simulated data | 7@ t representing a 2000h SKA MID
spectral line observation from redshifts 0.25, ¢ irough the generous support of elght

'\(\ international supercomputing facilities, partic X S were able to undertake the Challenge using
dedicated computational resources. Alongside”the main challenge, ‘reproducibility awards’

e Results and analysis from SDC2
- - were made in recognition of those pipelines which demonstrated Open Science best practice.
p re p a re d fo r S u b m I SS I O n to M N RAS The Chall&.:nge.saw. over 100 participants d(.ev.elo_p a range of new and fexisting techniql.les,. in

results which highlight the strengths of multidisciplinary and collaborative effort. The winning
strategy — which combined predictions from two independent machine learning techniques to
yield a 20 percent improvement in overall performance —underscores one of the main Challenge
outcomes: that of method complementarity. It is likely that the combination of methods in a
so-called ensemble approach will be key to exploiting very large astronomical datasets.

e Analysis of biases and HI mass recovery
with redshift

Slide / 8




SDC computational facility partners

SKAO Science Data Challenge 2

DRLDWIDE PARTICIP

e Support from eight
international computing
facilities essential to
success of SDC2

e Enabled accessible
provision of realistically ..
large dataset B 9 ‘

1 I B SKA - UCLCA
' Aveiro & Coimbra,

o TeSt aSpeCtS Of the futu re of astronomucal data F‘o'r'.lug.sl
SKA Regional Centre 280
model, e.g.: .

particip
e Community data access 22 8;@
e New technologies for

distributed platform 15 m|"|0n 0

1B RAM & Pawsey
lbl T t ams Perth, Australia

e SKA is committed to

O pe n SCI e n Ce beSt Participants u'_'_gmp_". nag The chalenge’s 3D dala cube 5 a saries
u facites : aof stacked radio mages, each reflechni
p ra Ctlce a different frequency. [t shows galaxies
' @ 2Cross 3 distance of 4 Dihon ight years

1-5 6-10 11-20 20+ f the Jot




In partnership

Reproducibility awards FoA with e Softvare

Institute

)

www.software.ac.uk

e An essential part of the scientific method, reproducibility leads to better, more efficient science.

e Reusability generalises this principle to create software that can be adapted by others, allowing
previous work to be built upon for the future: a key feature of Open Science

o SKA is committed to delivering on the FAIR principles for scientific data management

Reproducibility Spectrum

Publication +

Publication Full

only Code gl replication
Code executable
and data code and data

Not reproducible Gold standard
* Credit: Rachael Ainsworth

0



In partnership
with the Software
Sustainability
Institute

Reproducibility awards

www.software.ac.uk

Reproducibility:

Reproducibility of the solution

Can the software pipeline be re-run easily to produce the same results? Is it:

|
IS th e SO ftwa re ] e Well-documented Research software documentation best practice

e Easy to install Top tips for packaging software

e Easy to use Top tips for documentation

- Well-d mented
e O C u e n e Well-documented | High-level description of what/who the software is for is available

High-level description of what the software does is available

ler people to develop new projects? Does it:

'ng an open source licence
3> code Choosing a repository for your project

° E a S tO i n S t a I I High-level description of how the software works is available Writing readable source code
y tware

Documentation consists of clear, step-by-step instructions

Documentation gives examples of what the user can see at each step e.g.

P E a Sy tO u S e screenshots or command-line excerpt DB

Documentation uses monospace fonts for command-line inputs and

Reusability:

Does the software:
« Use an open licence
- Have findable code

 Use code standards

 Use built-in tests

Easy to install

Easy to use

outputs, source code fragments, function names, class names etc
Documentation is held under version control alongside the code

Full instructions provided for building and installing any software

All dependencies are listed, along with web addresses, suitable versions,
licences and whether they are mandatory or optional

All dependencies are available

Tests are provided to verify that the installation has succeeded

A containerised package is available, containing the code together with all
of the related configuration files, libraries, and dependencies required.
Using .e.g. Docker/Singularity

A getting started guide is provided outlining a basic example of using the
software
e.g. a README file

Instructions are provided for many basic use cases

Reference guides are provided for all command-line, GUI and configuration
options

Testing Source code has unit tests

Software recommends tools to check conformance to coding standards

sitory
eader
vailable online

ustainable third-party repository
): Introduction to GitHub

opers

well

les or packages

<age and variable names

1 to the architecture or design

e.g. A ‘linter’ such as PyLint for Python



Science Data Challenge 3
Epoch of Reionisation (EoR)

Developing in collaboration with SKA EoR SWG members

Two parts:

o SDC3 "Foregrounds” (SDC3a;
Coordinators: C. Trott, V. Jelic)

Declination

e Foreground removal exercise

e SDC3a registration will open soon: SDC3
website

e SDC3 "Inference” (SDC3b; SWG
Coordinators: A. Mesinger, G. Melema)

o Extraction of cosmological parameters

Right ascension

e SDC3b launching 2023

Sample EoR signal with noise added

Slide / 12



https://sdc3.skao.int/

Future Science Data Challenges

e Cosmic magnetism SDC (T. Akahori+), Transients SDC, and more

e Stay tuned for news and updates!

‘Snakes’ of cosmic magnetism. Credit: B. Quasar schematic. Credit:
Gaensler et al. NASA




