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Pre-Construction Schedule ASTRON

Telescope Manager CDR 17-20 April 2018 v 4
Signal and Data Transport CDR 15-18 May 2018 Ve
Infrastructure Australia CDR 27-29 June 2018
Infrastructure South Africa CDR 2-4 July 2018

Central Signal Processor CDR 25-28 September 2018

Low Frequency Aperture Array CDR 17-19 December 2018

Signal & Data Transport CDR 17-19 December 2018

Dish CDR 2019

System CDR (incl. AIV) March 2019
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DESIGNING THE

Square Kilometre Array Science Data Processor

; Telescope Manager Cntical Design Review
- + 5K Haadquartecs, 17:20 Apel 2018
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Signal and data transport is the backbone of the SKA telescope. The
Signal and Data Transport (SaDT) Consortium is responsible for the design

of three data transport networks. These include the Digital Data Backhaul

(DDBH) that transports signals from the radio telescopes to the Central

Signal Processor (CSP), and data products from the CSP to the Science

Data Processor (SDP) and from the SDP to the regional SKA Data
Centres. SaDT’s work also includes the design of clocks and a custom-
made frequency distribution system. The consortium is led by the

University of Manchester in the UK.

https://cdr.skatelescope.org

The Science Data Processor (SDP) element will focus on the design of the
computing hardware platforms, software, and algorithms needed to
process science data frcm the correlator or non-imaging processor into
science cata products. The Science Data Processor will have to manage
the vast amounts of data being generated by the telescopes. From
spectral and continuum sky surveys, to more targeted observations of

objects both near and far, the SDP will ingest the data, anc move it

through data reduction pipelings at staggering speeds, to then tform data

packages which will then be passed to the scientists, and In aimost
realtime, make decisions about noise that Is not part of those delicate
radio signals. I he consortium is led by the University ct Cambridge in the
UK
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SOUARE KILOMETRE ARRAY ‘

KA

2lescope Manager Critical Design Review

SKAQO Headquarters, 17-20 April

First impressions
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DESIGNING THE

Square Kilometre Array
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The Aperture Array Verification System (AAVS) is an initiative of the Apertura Array Design and
Caonstruction (AADC) Consortium that supports SKA pre-construction.

AADC Consortium Lead: AS T(‘O N
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Frpm lab to Outback: the
story of AAVS1 so far

pe—

«Vir

- - ‘:-,_—”.-.-— .

o SKA1-ow, the A
g low frejquency S
£ station made up of 2

Obszrvatory (MRO), locatad in Western Austrdia

“The joursey leading up tothe ceployment and ihstallation of a full antenna station has been a fantastc expenenze anl a steep learnirg



CSP - SKA Low Correlator/Beamformer

Central Signal Processor

The Central Signal Processor or CSP is the central processing “brain” of
the SKA. It converts digitised astronomical signals detected by SKA
receivers into the vital information needed by the Science Data Processor
to make detailed images of deep space astronomical phenomena that the
SKA is observing. It will also design a “non-image processor” in order to
facilitate the most comprehensive and ambitious survey yet to find new
pulsars and precisely time known pulsars. The lead organisation of the
Consortium is the National Research Council of Canada (NRC).
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Collaboration between ASTRON, CSIRO & AUT
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SKA1 Cost Control Project
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INFRA_SA Renewable energy to

outer dishes b

Maximise use of code produced COMMO None
during Pre-Construction N
Simplify DDBH LOW LOW None
Simplify DDBH MID MID None
Likely none, or small
R ek o TS maces 1) ng, reduction of pulsar
search parameter space.
Reduce PSS-LOW: A, 250 nodes to Likely none, or small
167 nockes LOW reduction of pulsar

search parameter space.
RdcoCBF-MIDF req. Shice varlant
(CSP design vs. MeerKAT-based MID None

MID SPF Digitisers: DSH solution vs. MID None

Formalion vs. Analogue Beam LOW None
ooooooooo

LOW Antenna: Log Perlodic Design
vs, Dipole Dasign

None of the current
LOW dasigns meet the L1
requirements
Lower allowad duty cycle
COMMO o HPC-intensive
pbservations

Reduction of maxlmum

SDP- HPC: Deploy 200 Piops (rather
than 260 Pflops) N

Reduce Bmax MID from 150 to 120
km: Casa A, ramova 3 dishes, but MID
keep infra to 150km
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achiavable resolution by
2056, Ithough can be
partially recovered with
data weighting and
longer integration times, .
ﬂ Roduce CBF-LOW BW: A, 30010200
7

il Reduce PSS-LOW: C, 128 nodes lo B3

Decper
Savings

Reduce Bmax MID from 150 to 120
km: Ca nB.nm ve infra, but add
dizhes to core

:

ce Bmax MID from 150 to 120
c se G, remove Infra, remove

gi

Reduce MID Band 5 feeds: A, from
130 to 67

Reduce PSS-LOW: B, 167 nodes lo
125 nodes

Reduce FSS-MID: B, 500 nodes 1o
375 nodes

SDP- HPC: Deploy 150 Pflaps (from

200 Pfiops)
Reduce Bmax LOW 1o 50km: A,

rermaove infra, add 1B stations to core

Reduce Bmax LOW lo 50km: B,
remaove 18 stations

Reduce BEmax LOW o 40km: C,
remove next 18 stations

SDP- HPC: Deploy 100 Pflapa (from

150 Pliops)

SDF- HFC. Degloy S0 Pllogs [frem

100 Pflops)

ncdes

MID

LOwW

Reduction of max
achievable resol io by
20%, although can be
parlially recovered with
data weighting and
langer htv:liontimes
Reduction of maximum
nehlmblou olution by
20%, although can be
partially recoveraed with
data weighting and
longer integration times,
Placement to be
determined based an full
community consultation
Likely reduction in

processad PSS beam
nunbe r(1.3x) or pulsar
search parameter space
Likely reduction In

essed PSS beam
nunbo (1.3x) or pulsar

Science Ri lt o EoR:
BEmax.

Science Risk to EoR:
Emax

Sclence Risk to EoR:
Bmax

Lowor

allowed duty

cycle for

HPC-
Intensive

observations,

Lower allowed duty cycle
for HPC-intensive
observations.

Longer observing times
for continuum
applications (1.5x)
Likely reduction in
processed PSS bean
number (2x) or pulsar
sesarch paramater space

’ Reduce PSS-MID: C, 375 nodes to

250 nodes

Reduce Bandwidth oulput of band 5
eoz.m

led callDCBF and DSH BW: § MID
M/
Oecper MID Dishes from core MID

1 it
] : @m s Lowsstensromcore Low | (9EAE

* Cost Control project identified &
ranked potential cost saving

MeasSures

* Defined Design Baseline &

Deployment Baseline

Michiel van Haarlem / 24 May 2018

Remo e additional 11 MID Dishes

s.n[
no ¢ additional 54 LOW stations Low
Reduce Bmax MID from 120 to 100

m: D, remeve infra, remove next 3 MID

Reduce MID Band 5 feeds: B, from €7 . o
ta 0

20% Array sensitivity
lass in core
Lose Science (Planelary

disks, High resolution
Star Formation)

Lose Science

]
f
EEEEREEnE

Likely reduction in
processed PSS beam
number (2x) or pulsar
seurch parameler space
Longer Band § observing
times for some

20% Array sensitivily
88 in core

Lose Science (Planslary
disks, Star Formation)

ASTRON

= SKA1 Construction Cost Cap:
650 M€ (2013)
(2016)

= November 2016 cost estimate:
916.1 M€ (36% over)

= 674 MC

Design
Baseline

Deployment
Baseline

Re-instatement
‘+’ means add to system

SKA1-Mid

No. dishes

133

130

+3 dishes at 150 km

Max. Baseline

150 km

120 km

+ infra to 150 km

Band 1 Feeds

133

130

+3 Band 1 Feeds for 3 dishes

Band 2 Feeds

133

130

+3 Band 2 Feeds for 3 dishes

Band 5 Feeds

133

67

+66 Band 5 feeds

Pulsar Search
(PSS)

500 nodes

375 nodes

+125 nodes

SKA1-Low

No. stations

512

476

+36 stations (18 stns at 49 & 65 km)

Max. Baseline

65 km

40 km

+infra to 65km

Pulsar Search

167 nodes

125 nodes

+42 nodes

Common

Compute Power

260 PFLOPs

50 PFLOPs

+210 PFLOPs

Design vs. Deployment Baseline June 2017 view




Setting up SKA Observatory

= Negotiations to set up SKA Intergovernmental
Organisation (I1GO)

= Convention now agreed

= Signing mid-September 2018

= SKA IGO active in 2020

= SKA Construction start: 2021

5 werelds grootste
= Discussions on NL funding taking place
= Coalition agreement provides

opportunities

Vertrouwen in de toekomst

Nederland moet
tekenen voor SKA

Ucciname san de bouw ¢ bohoer van s wernlds grootste radao
1el26c00T van 6 miljoen eurc, de Sguara Xilomerre Array zal
NeCelowd greo windeizren legaes en koploper wakens op ge-
bacd ven date scicnct. lcaminste als do nicuwe regerme kKest
voor ce opclz van minimaal vijf procent d2elname e hiervoor
3 miljoswnpeij 2l Peventiv praowenl van de investering vloeit
$0W1eso dircet terug 1n de voom van contracten, Ecn opiic van
tien procent zol nog bever zijn, want 2de gansrezrt 300 miljoen
L LRI | B ) Illlli.\l"TP Wlhl'l]l‘.

Lut zeat hooglaraar Caro.e Jackson, algemea2en en wezanschap-
pelfjic directear van ASTRON. Na een paar |azr onderhandelen

Regeerakkoord 2017 - 2021

VVD, CDA, D66 en ChristenUnie

Onderzoek
Nederland

NUMMER 420 17 NOVEMBER 2017
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SKA Project Schedule ASTRON

Initialing SKA Convention 23 May - 20 July 2018
Signing SKA Convention September 2018
Ratification Complete - SKA Observatory early 2020

System CDR completed mid 2019
Construction Proposal ready late 2019-early 2020
SKA Council Approves Construction Plan mid 2020

Start of Construction early 2021

Michiel van Haarlem / 24 May 2018 11



Other SKA Developments

France, Spain set to join SKA Organisation
Portugal to join when IGO is formed

SKA KSP workshop & general science meeting
= At the new SKA Headquarters
= 8-12 April 2019

MeerKAT inauguration - 13 July 2018
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Themes for Today ASTRON

* Updates from the Science Working Groups/Focus Groups
* What are the concerns or issues - important input to SKA Board

* Plans for Transition from SWG/FG to KSPs
e How? When?

* How are pathfinders/precursors being used to prepare for SKA?

* Thoughts on SKA Regional Centres

Michiel van Haarlem / 24 May 2018 13



Current Radio
Astronomy Archives

Long Term Archive

Cgﬁdssﬁﬁ 36PB

@ 2PB
oPB E

NASDAQ LIBRARY OF
CONGRESS
3PB

oPB

1 Petabyte (PB)



Future SKA
Science Archive > 7

uploads to ‘79 7/

facebook. .7

searches on

Google 180PB
36PB

SKA

Phase1 Science Archiv

300PB

PER YEAR
1 Petabyte




SKA Regional Centres ASTRON

= SKA Regional Centres (SRCs)
will host the SKA science archive

" Provide access and distribute
data products to users

" Provide access to compute SKA
Ob
and storage resources SErvatony

|EMOd DYS

* Provide analysis capabilities

* Provide user support

= Multiple regional SRCs, locally
resourced and staffed

Primary interface for SKA data analysis

Michiel van Haarlem / 24 May 2018 16



Regional Centre Functionality

ASTRON

Data Discovery

Observation database
Associated metadata
Quick-look data products
Flexible catalog queries
Integration with VO tools
Publish data to VO

Data Processing

Michiel van Haarlem / 24 May 2018

Reprocessing and
calibration

High resolution imaging
Mosaicing

Source extraction
Catalog re-creation

DM searches

Data Analysis

Multi-wavelength studies
Catalog cross-matching
Light-curve analysis
Transient classification
Feature detection
Visualization

1

hroad-line (80
nerTow line QSO

CILSEI0N galaxy

— 1 1 1 1 1 1 1
— 1 A0S LN SN —1h01 .02 1 1L
[ "
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Design and specification of a distributed,
European SKA Regional Centre to support the

astronomical community
in achieving the scientific goals of the SKA

EC Horizon 2020 (€3 million)

13 countries, 28 partners, SKAO, host countries,
e-infrastructures (EGI, GEANT, RDA), NREN's

. Three year project (2017-2019)
Advanced European Network of E-infrastructures

for Astronomy with the SKA

* We need input from SKA Science Working Groups & Focus Groups
* Regular Interactions to discuss use cases and functionality

* Test Regional Centre "Design” as it progresses using pathfinders
& precursor data

Michiel van Haarlem / 24 May 2018



Themes for Today ASTRON

* Updates from the Science Working Groups/Focus Groups
* What are the concerns or issues - important input to SKA Board

* Plans for Transition from SWG/FG to KSPs
e How? When?

* How are pathfinders/precursors being used to prepare for SKA?

* Thoughts on SKA Regional Centres
e Science engagement with Regional Centre design process

Michiel van Haarlem / 24 May 2018 19



How to find relevant information ASTRON

* https://astronomers.skatelescope.org/
* https://astronomers.skatelescope.org/documents/

’ — —
" Check that documents aren't g
O u t Of d a te Science Working Groups 7 Focus Gro_upi:, Sciertific Cio;':acts | S’\A"I. EKAZE SKA Prccur‘sf»r‘s - Opzrating Model Document:

e Through SWG/FG or SKA.org
science team

DOCUMENTS

Core Design and Performance Documentls:
Baseline desigr version 2.0 (Cewdney e: al. 2016)

Anticipated SKA1 Science Parformance 1.0 (Braun et al. 17-Cct-2017)
| evel 1 System Kequirements (Revision 11, 31/7,/2017)

Level C Science Requirements (28/10/15)

] Observing Bands Discussiorn Document
O n a C u S [ Operational

SEDP pipeline

. ANTICIPATED SKA1 SCIENCE PERFORMANCE
e Jess Broderick

Science Flar

NL SKA Project Scientist prticipated 8223222: _l;l;pn;ber ........................................................................ SKA-TEL—SKO-OOOOiés

SKA1-LOW
- LOW CONMIGU | RBVISTON 4uvrrrrrnrnrnrnsssssrnsssssssssssssssnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssesssssssnsnssns 01
b O d Eric k@ a St ron.n I continrmtis | AAUEROT ceeeeeeeeeeeeeeee e eee e sees s e seeseseesesaes e sesessesses s sesssessesssesessesassessesaesesasens R. Braun et al.

D ) < 2017-10-17

SKA1-MID (
e Or haarlem@astron.nl | oCUmant Claeeifieatiom UNRESTRICTED

kml file

) = 1§ LT Released
Cost Contre

C:ost Lontrn
Cost Contro

M |Ch I€| van Haa rlem / 24 May 20 1 8 Cost Con: rn::- Prf:) n "VS‘-_:ir;-‘u_:V(:- j&!;-!z:\"jtll;il?);'_‘: its



https://astronomers.skatelescope.org/
https://astronomers.skatelescope.org/documents/
http://SKA.org
mailto:broderick@astron.nl
mailto:haarlem@astron.nl




ASTRON

SCIENCE AND OPERATIONS PLANNING
DOCUMENT NUMD Y ... e e cceere e ettt ae e esaasa e sase e sens SKA-TEL-SKO-00000822
B o Tot0 [ 1< o LAl Yo L OO O TP PLN
] S 02
AUTROT <. e e e ee e e e ettt e ereaeaeaensanes SKAO Science and Ops Teams
I ) =P 2017-11-14
Document ClassifiCatioN ..uu e csr s s et e ra e sr e eas saeaas UNRESTRICTED
Y = 110 LTSRS Released

Assembly, Integration & Low Date for Mid Dishes Date for
Verification Event Stations Low SKA+MK Mid
8+0
64 +0

120+ 8
133+64

CO = the date for construction contracts to be awarded

Michiel van Haarlem / 24 May 2018 22



