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Overview

= \WVhy bigger data?
x SKA overview
® Big data challenges for the SKA
® Precursors and technology demonstrators
x MeerKAT S-band receiver / backend project

®Summary



Why bigger data’?

x  \What do we want:;

x Higher sensitivity ? Bandwidth
= Higher time resolution

_y» Bigger dishes

= Higher spatial resolution =
—» Smaller dishes

= \Nider fields of view =—
(FoV)
—» BRawer data

= Higher efficiency —



Why bigger data’?

x  \What do we want:;

x Higher sensitivity ? Bandwidth
= Higher time resolution
—¥  Many small dishes:

= Higher spatial resolution = ;
5 oSmallD -Large N

= \Nider fields of view =—
(FoV)
—» BRawer data

= Higher efficiency —



Why bigger data”

High data rate
SUEENS

Bandwidth ———»

Many small dishes: |
Smell - Leroe N S O(N?) processing

Large storage

Ranuel 0lals B .
requirements

What happens when you take this to the extreme?






SKA Phase 1 Overview
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x \\ide-FoV “software” telescopes
x Capable of performing multiple projects simultaneously

® |[nternational mega-science project (10+ member states)



SKA Organisation: 10 countries, more to join Interested

Countries:
* France
* Germany
* Japan
* Korea
* Malta
- * Portugal
* Spain
* Switzerland
« USA
Australia (Dol&S) .
Canada (NRC-HIA) .CO?AtaC.tS'
China (MOST) . Brosil
India (DAE) + Jreland
Italy (INAF) "+ Russia
Netherlands (NWO)
New Zealand (MED)
South Africa (DST)
Sweden (Chalmers) ' 2 P
UK (STFC) \ ”
Gl R e e f— S —r1 B il 1 |
‘ Full members //// African partner countries

\\\\ SKA Headquarters host country (non-member SKA Phase 2 host countries)

//// SKA Phase 1 and Phase 2 host countries

This map is intended for reference only and is not meant to represent legal borders

Phil Diamond Jan 2017



SKA Science Goals

Challenging Einstein

Galaxy Evolution, Cosmology and Dark Energy

Cosmic Magnetism ]

Cosmic Dawn

Cradle of Life Sl

VVVVVVV

Continuum Surveys

Radio Transients




SKA1 Mid overview

x ~200, 13.5-m dishes
x 350 MHz — 14 GHz
x 2.5 GHz instantaneous bandwidth
x Compared to JVLA:
® 4x better resolution

= BX more sensitivity

® 60x faster survey speed



SKA1 Low overview

131,072 dipole antennas
(512 stations)

50 — 350 MHz

300 MHz instantaneous bandwidth
Compared to LOFAR:

x 25% better resolution

®x 8X more sensitivity

x 125X faster survey speed



Big data challenges for the SKA




High-volume/velocity/dimensionality
real-time processing

SKA1 Mid signhal processing

N digitise

) ECH

+197 more



al-time pro Tale
S ﬁ gl a B e 4 A

SKA1 Mid signhal processing

GCBE

18 Tb/s

16 Tb/s



High-volume/velocity/dimensionality
real-time processing

SKA1 Mid signal processing

VST —

Correlator

Pulsar Timing : Pulsar Timing

Beamformer 16 beams Engine

Pulsar Search : Pulsar Search
Beamiormer L &g3 beams Engine

T T R ; Requires 10 PFlops/s. |




High-volume/velocity/dimensionality
real-time processing

SKA1 Mid signal processing

Where's the challenge?

CENTRAL SIGNAL PROCESSOR

® | ocated in Karoo desert — logistically difficult
= Power cap ~/700 kKW
® Requires upwards of 15 PFlops/s

®x Solution - Hybrid FGPA / GPU compute units



lelescope automation

» [Each telescope supports up to 16 subarrays
= Multiple projects run simultaneously
» [Fach project provides constraints:

x  Sensitivity

= Frequency band

®  Source position and epoch
» [Further constraints imposed by:

= \Neather

» [ransient interferences sources (satellites,
aircraft, etc.)




Imaging & post-processing

Telescope Manager

Monitoring QA
Calibration Visuals
Sky

Control
Params Model and
Metrics

£

= Image Products =¥

= Visiility Data =—d» == LSM Catalogue =4

Transient Source
Catalogues

} Calibrated Visibilities ¥

Pulsar
= Timing Solutions =

- Transient Buffer = SAUARE KILOMETRE ARRAY 4

Sieved PAT
Candidates

AOjRARSA0

—>
. P&T Search _ SCIENCE DATA PROCESSOR

Candidates

J0SS820.d rubs jequen

Transient Bufter
Data

= Pulsar Timing —#» Quenes >

>

Science Product
Catalogue

Cred. SDP. Anna Scaife

—»




Imaging & post-processing

x SDP performs wide variety of tasks:
« Imaging Most challenging
x Real-time calibration
x Pulsar search candidate classification
» Pulsar timing data reduction Least challenging
= \\Vhere’s the challenge?

x |maging requires 200-300 PFlops/s!!!

= 100 PB deep buffers (sustained 30 TB/s IO rate)

= Power cap of 14 MW



Pulsar candidate classification
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SKA1 Mid: 3000 candidates per second
56 billion per survey
Expect 15,000 to be “real” signals



Pulsar candidate classitication
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Data storage and
distribution

Data storage & distrioution

10-yr storage requirement for continuum
survey of 5 EB

High-speed international networks required
to support data transfers to regional centres

Regional centres provide support to local
scientists

This is (mostly) where the science will come
from

Data formats must be standardised (and
self describing): FITS, HDFE5, JSON, BSON,
el




Custom Experiments

Precision measurements of cosmic ray air showers Lunar detection of ultra-high-energy cosmic rays
with the SKA and neutrinos with the Square Kilometre Array

J.D. Bray", J. Alvarez-Muiiiz’, S. Buitink®, R.D. Dagkesamanskii‘, R.D. Ekers’,

1 2 228 1 2 4 6 5,7
E‘:Ujg“ ' ";DI'_ B:V 3 s;f;";"‘ » R P‘g";‘:h’ l“'o; Ek‘:”i GHsz :'C__k: ’ H. Falcke’®, K.G. Gayley’, T. Huege®, C.W. James’, M. Mevius', R.L. Mutel’,
-W. James’, L. artin™, B. Revemr, O. oiten™ and F.Q. roder R.J. Protheroe'’, O. Scholten'’, R.E. Spencer'? and S. ter Veen’

LKIT: 2Univ, of Southampton; *Radboud Univ, Nijmegen; ‘Subatech, Nantes: ° Station de
radioastronomie de Nangay; *CSIRO ATNF; "ASTRON; ® Univ. of Erlangen-Nuremberg; ° Univ

of Groningen

' Univ. of Southampton; * Univ. de Santiago de Compostela; * Radboud Univ. Nijmegen; * Lebedev
Physical Institute; * CSIRO ATNF; *ASTRON; " Univ. of lowa; *KIT; * Univ. of
Erlangen-Nuremberg; '“Univ. of Groningen; "' Univ. of Adelaide; '* Univ. of Manchester

E-mail: tim.huegeflkit . ed p )
E-mail: 4.bray@soton.ac.uk

» Real-time search for nano-second scale

= Particle detector co-location |
radio bursts

= ngh-.dynamlc range deep » Similar to standard transient detection
transient buffers on each pipelines

dipole (or subset of dipoles)
= . Ctrivially” implemented in existing SKA

» Near-field imaging and hardware

beamforming » Synthesis filterbanks allow us to go

: pback to Nyqgvist sampling after beam
= Order arcsecond resolution forming



Custom Experiments

= \/arious custom experiment policies under
discussion

x Simplest: Swappable processing pipelines
on generic hardware!

= Docker is your friend...

docker

Server

ECP-160053 -
ECP-160052 -
ECP-160051
ECP-160050 -

ECP-160049 -

Custom Experiment Port - Type | - CSP/PSS/PST interfaces

e
wUS
e
wUS

~
- UUS

Cu

Pulsar Timing
Engine

tom Experiment Port - Type lll - interfaces

e

tom Experiment Port - Type IV - interfaces to SKA-1 Low

T

tom Experiment Port - Type IV - interfaces to SKA-1 Mid

T

stom Experiment Port - Type V - interfaces to SKA-1 Low

Custom Experiment Port - Type V - interfaces to SKA-1 Mid




Precursor Instruments




Number of antennas
Dish diameter
Minimum baseline
Maximum baseline

Frequency bands (receivers)

Continuum imaging dynamic range at 1.4
GHz

Line-to-line dynamic range at 1.4 GHz

Mosaicing imaging dynamic range at 14
GHz

Linear polarisation cross coupling across
-3 dB beam

Sensitivity (0.58 - 1.67GHz)

64 offset Gregorian
13.5m

29 m

8 km

0.58 - 1.015 GHz
0.9 -1.67 GHz
8 - 14.5 GHz

50 dB

43 dB
27 dB

-30 dB

220 m?/K
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In: 27.39 Gbps, Al antennas, all channels,
one spectral ine

Out: 10.4Gbps (5Hz)

Four spectral line cormrelation products, all
baselines (2080),

all frequencies (4096), 32b/sampile, complex
(2), full cross-pol (4)
2080M> per dump (260MiIB) x4 lines.

Max dump rate: 1712M/2S6/4006/256 =
6.37THz

Implements: spectral line correlation

In: 34
(one antenna, 1712Msps, 10bit)

Out: 2.14Gbps or 1.07Gbps
(1712128=13 375MH2Z) Or
(1712/256=6.688MHz), dual pol,
complex 8bit, 5 bands,

1/64 10 each X-engine, 4056
channels per band

. Spocvumdmm

: In: 34 2Gbps

In: 27.39 Gbps, Al antennas, 1/64 of (one antenna, 1712Msps, 10bit)
Out: 27.4Ghps +« 57T3Mbps

Out: 5.45Gbps (650MiBps), 856MHz, dual complex Bbit,

Wideband correlation Hz, pol,

products
all baselines (2080), 1/84th of frequencies 1/64 10 each X-engine, 64k channels

(1024), 32tvsample, complex (2), full cross-pol
(4), 100ms accumulations.

. Wideband channelisation
65MiB per accumulation. : b c 5o
Implements: wideband correlation Eﬁhﬂm’owm
In: 27.39 Gbps
All antennas, 1/64 of spectrum mmukmmm
Out: 428Mbps (51MiBps) per beam :
1/841h of frequencies (1024) Bb/sample, . Pulsar dedispersion
compilex (2), dual-pol (2)
Coberent sum 64 ants

im :
- 4 wideband F-beamformers

. Wideband beamformer cross-pol

Raw streaming (64x 34.2Gbps): 2191Gbps
Correlator wide (100ms dumps): 358Gbps
Temporally-averaged beamformer(100): 137Gbps
Single dish channelised mode "Fly's eye™: 56Gbps
Beamformer: 27.4Gbps per beam (4): 55Gbps
Correlator narrow (200ms dumps, 5 lines): 55Gbps
VLB beamdormer (32 channels of 16MHzZ): 8Gbps



In: 27.39 Gbps, Al antennas, all channels,
one spectral ine

Out: 10.4Gbps (SHz)

Four spectral line comelation products, all
baselines (2080),

all frequencies (4096), 32b/sampile, complex
(2), full cross-pol (4)

2080M> per dump (260MiIB) x4 lines.

Max dump rate: 17 12M/256/4006/256 =
6.37THz

Implements: speciral line correlation

In: 27.39 Gbps, Al antennas, 1/64 of
spectrum

Out: 5.45Gbps (650MiBps),
Wideband correlation

all basslines (2080), 1/84th of

(1024), 32tvsample, complex (2), full cross-pol
(4), 100ms accumulations.

65MiB per accumulation.

Implements: wideband correlation

In: 27.39 Gbps
All antennas, 1/64 of spectrum

Out: 428Mbps (51MiBps) per beam

1/641h of frequencies (1024) Bb'sample,
compilex (2), dual-pol (2)
Cobherent sum 64 ants
im :
- 4 wideband F-beamformers
- Wideband beamformer cross-pol
products

Raw streaming (64x 34.2Gbps): 2191Gbps
Correlator wide (100ms dumps): 358Gbps
Temporally-averaged beamformer(100): 137Gbps
Single dish channelised mode “Fly's eye”: 56Gbps
Beamformer: 27.4Gbps per beam (4): 55Gbps
Correlator narrow (200ms dumps, 5 lines): 55Gbps
VLB beamdormer (32 channels of 16MHz): 8Gbps

In: 34
(one antenna, 1712Msps, 10bit)

Out: 2.14Gbps or 1.07Gbps
(1712128=13 375MH2Z) Or
(1712/256=6.688MHz), dual pol,
complex 8bit, 5 bands,

1/64 10 each X-engine, 4056
channels per band

. Spoctrdinomm

In: 34 2Gbps
(one antenna, 1712Msps, 10bit)

Out: 27.4Gops « S57T3Mbps
856MHz, dual pol, complex Bbit,
1/64 10 each X-engine, 64k channels

.m:
. Wideband channelisation
- Transient crcular buller (2.5s,
>8bits, time domain)
(573Mbps)

2??




In: 27.39 Gbps, Al antennas, all channels,
one spectral ine

Out: 10.4Gbps (SHz)

Four spectral line comelation products, all
baselines (2080),

all frequencies (4098), 32b/sample, complex
(2), full cross-pol (4)

2080M> per dump (260MiIB) x4 lines.

Max dump rate: 17 12M/256/4006/256 =
6.37THz

Implements: speciral line correlation

In: 27.39 Gbps, Al antennas, 1/64 of
Spectrum

Out: 5.45Gbps (650MiBps),
Wideband correlation

all baselines (2080), 1/841h of

(1024), 32tvsample, complex (2), full cross-pol
(4), 100ms accumulations.

65MiB per accumulation.

Implements: wideband correlation

In: 27.39 Gbps
All antennas, 1/64 of spectrum

Out: 428Mbps (51MiBps) per beam

1/641h of frequencies (1024) Bb'sample,
compilex (2), dual-pol (2)
Cobherent sum 64 ants
im :
- 4 wideband F-beamformers
- Wideband beamformer cross-pol
products

14Gbps—»

2??

Raw streaming (64x 34.2Gbps): 2191Gbps
Correlator wide (100ms dumps): 358Gbps
Temporally-averaged beamformer(100): 137Gbps
Single dish channelised mode "Fly's eye™: 56Gbps
Beamformer: 27.4Gbps per beam (4): 55Gbps
Correlator narrow (200ms dumps, 5 lines): 55Gbps
VLEB! beamdormer (32 channels of 16MHzZ): 8Gbps

In: 34
(one antenna, 1712Msps, 10bit)

Out: 2.14Gbps or 1.07Gbps
(1712128=13 375MH2Z) Or
(1712/256=6.688MHz), dual pol,
complex 8bit, 5 bands,

1/64 10 each X-engine, 4056
channels per band

. WNM

In: 34 2Gbps
(one antenna, 1712Msps, 10bit)

Out: 27.4Gops « S57T3Mbps
856MHz, dual pol, complex Bbit,
1/64 10 each X-engine, 64k channels

Implomom:
. Wideband channelisation
- Transient crcular buller (2.5s,
>8bits, time domain)
(573Mbps)




In: 27.39 Gbps, Al antennas, all channels,
one spectral ine

Out: 10.4Gbps (5Hz)

In: 34
(one antenna, 1712Msps, 10bit)

Out: 2.14Gbps or 1.07Gbps
Four?éwulk\)eeonemnonm’ (1712128=13 375MH2) Or
basel (2080), (1712/256=6.688MHz), dual pol,
all frequencies (40986), 32b/sampile, complex complex 8bit, S5 bands
(2). full cross-pol (4) 1784 10 each X-engine, 4096
2080MD per dump (260MIB) x4 lines. channels per band
Max dump rate: 1712M/2S6/4006/256 = .
6.37Hz - Spectral ine channelisation
Implements: speciral line correlation

In: 34

In: 27.39 Gbps, Al antennas, 1/64 of
Spectrum

Out: 5.45Gbps (650MiBps),
Wideband correlation

products
all basalines (2080), 1/841th of frequencies
(1024), 32tvsample, complex (2), full cross-po

2Gbps
(one antenna, 1712Msps, 10bit)

Out: 27.4Gops « S57T3Mbps
B856MHz, dual pol, complex Bbit,
1/64 10 each X-engine, 64k channels

(4), 100ms accumulations. implements:
. Wideband channelisation
65MiB per accumulation. - Transient circular buffer (2.5s,
. >8bits, time domain)
Implements: wideband correlation (573Mbps)

In: 27.39 Gbps

All antennas, 1/64 of spectrum mmuhmmm
Out: 428Mbps (51MiBps) per beam Implemeans:

1/641h of frequencies (1024) Bb'sample, : :
compilex (2), dual-pol (2)

Cobherent sum 64 ants

im :
- 4 wideband F-beamformers
- Wideband beamformer cross-pol
products

Raw streaming (64x 34.2Gbps): 2191Gbps
Correlator wide (100ms dumps): 358Gbps
Temporally-averaged beamiormen(100): 137Gbps
Single dish channelised mode "Fly's eye™: 56Gbps
Beamformer: 27.4Gbps per beam (4): 55Gbps
Correlator narrow (200ms dumps, 5 lines): 55Gbps
VLEB! beamdormer (32 channels of 16MHzZ): 8Gbps



In: 27.39 Gbps, Al antennas, all channels,
one spectral ine

Out: 10.4Gbps (SHz)

Four spectral line comelation products, all
baselines (2080),

all frequencies (4096), 32b/sampile, complex
(2), full cross-pol (4)

2080M> per dump (260MiIB) x4 lines.

Max dump rate: 17 12M/256/4006/256 =
6.37THz

Implements: speciral line correlation

In: 27.39 Gbps, Al antennas, 1/64 of
spectrum

Out: 5.45Gbps (650MiBps),
Wideband correlation

all basslines (2080), 1/84th of
(1024), 32tvsample, complex (2), full cross-pol
(4), 100ms accumulations.
65MiB per accumulation.

Implements: wideband correlation

In: 27.39 Gbps
All antennas, 1/64 of spectrum

Out: 428Mbps (51MiBps) per beam
1/641h of frequencies (1024) Bb'sample,
compilex (2), dual-pol (2)

Cobherent sum 64 ants

im

Raw streaming (64x 34.2Gbps): 2191Gbps
Correlator wide (100ms dumps): 358Gbps
Temporally-averaged beamformer(100): 137Gbps
Single dish channelised mode “Fly's eye”: 56Gbps
Beamformer: 27.4Gbps per beam (4): 55Gbps
Correlator narrow (200ms dumps, 5 lines): 55Gbps
VLB beamdormer (32 channels of 16MHz): 8Gbps

In: 34
(one antenna, 1712Msps, 10bit)

Out: 2.14Gbps or 1.07Gbps
(1712128=13 375MH2Z) Or
(1712/256=6.688MHz), dual pol,
complex 8bit, 5 bands,

1/64 10 each X-engine, 4056
channels per band

. Spoctrdinomm

In: 34 2Gbps
(one antenna, 1712Msps, 10bit)

Out: 27.4Gops « S57T3Mbps
856MHz, dual pol, complex Bbit,
1/64 10 each X-engine, 64k channels

.m:
. Wideband channelisation
- Transient crcular buller (2.5s,
>8bits, time domain)
(573Mbps)




In: 27.39 Gbps, Al antennas, all channels,

one spectral ine In: 34

(one antenna, 1712Msps, 10bit)

Out: 10.4Gbps (5Hz) Out: 2.14Gbps or 1.07Gbps
Four spectral line comrelation products, all (1712/128=13 375M8H2) Or
baselines (2080), (1712/256=6.688MHz), dual pol,
all frequencies (4096), 32b/sampile, complex complex 8bit, S5 bands,
(2), full cross-pol (4) 1/84 10 each X-engine, 4096
2080M per dump (260MiIB) x4 lines. channels per band '
Max dump rate: 17 12M/256/4006/256 = .
6.37Hz - Spectral ine channelisation
Implements: speciral line correlation

In: 34

. S
In: 27.39 Gbps, Al antennas, 1/64 of (one antenna, 1712Msps, 10bit)

spectrum

Out: 27.4Gops « S57T3Mbps
Out: 5.45Gbps (650MiBps),

856MHz, dual pol, complex Bbit,

all baselines (2080), 1/841h of 1/64 10 each X-engine, 64k channels

(1024), 32tvsample, complex (2), full cross-pol

1 implements:
(G‘S)“mpormm . ) -
k - Transient crcular bufller (2.5s,
>8bits, time domain)

Implements: wideband correlation

In: 27.39 Gbps
All antennas, 1/64 of spectrum

Out: 428Mbps (51MiBps) per beam

1/641h of frequencies (1024) Bb'sample,
compilex (2), dual-pol (2)

Cobherent sum 64 ants
im :
- 4 wideband F-beamformers
- Wideband beamformer cross-pol
products

| b

Raw streaming (64x 34.2Gbps): 2191Gbps
Correlator wide (100ms dumps): 358Gbps
Temporally-averaged beamiormen(100): 137Gbps
Single dish channelised mode "Fly's eye”: 56Gbps
Beamformer: 27.4Gbps per beam (4): 55Gbps
Correlator narrow (200ms dumps, 5 lines): 55Gbps
VLEB! beamdormer (32 channels of 16MHzZ): 8Gbps



In: 27.39 Gbps, Al antennas, all channels,
one spectral ine

Out: 10.4Gbps (5Hz)

Four spectral line comelation products, all
baselines (2080),

all frequencies (40986), 32b/sampile, complex
(2), full cross-pol (4)

2080M per dump (260MIB) x4 lines.

Max dump rate: 17 12M/256/4006/256 =
6.37THz

Implements: speciral line correlation

In: 27.39 Gbps, Al antennas, 1/64 of
spectrum

Out: 5.45Gbps (650MiBps),
Wideband correlation

all baselines (2080), 1/84th of

(1024), 32tvsample, complex (2), full cross-pol
(4), 100ms accumulations.

65MiB per accumulation.

Implements: wideband correlation

power
(877Mbps for 600us)

Fast transient search

S-band receiver
3.50 GHz

1 78 -

In: 34 2Gbps
(one antenna, 1712Msps, 10bit)

Out: 2.14Gbps or 1.07Gbps
(171212813 375MH2) Or
(1712/256=6.688MHz), dual pol,
complex 8bit, 5 bands,

1/64 10 each X-engine, 4056
channeis per band

implemeants:
. Spectral ine channelisation

In: 34 2Gbps
(one antenna, 1712Msps, 10bit)

Out: 27.4Gohps + S7T3Mbps
856MHz, dual pol, complex Bbit,
1/64 10 each X-engine, 64k channels

Iimplemems:

- Wideband channelisation
Transient crcular buller (2.5s,
>8bits, time domain)
(573Mbps)

The University of Manchester




Sclence goals

»x Fast Radio Bursts:
= Emission properties
= | ocalisation

= Multimessenger studies:
Optical, gamma-ray, neutrino,
ele;

= Binary pulsars:

x [est GR In the quasi-stationary
strong-field regime.

= [esting SEP violation

= [esting alternate theories of
gravity (e.g. TeVeS)

»
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Antenna data

_______________________________ ~172 Gbl/s - ’
i I 172 Gb/s - - - . | E //,z’~1.8 Tb/s
: : | 4
Leat Pulsar Search — Leaf x 4
A A
8 x 40 GbE 44-nodes 8x4(|) GbE ! !
4x GTX 1080
2 ) 2 PB BeeG FS 16x40GbE ~ 16x40GbE  16x40GbE  16x40GbE
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Y / L 2 Y Y A 4 \
Internal
Capture switch Compute Internal c
I switch ompute Compute Compute Compute
APSUSE Head node Head nod
ead node FBFUSE
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4 r D) Beamformer
Internal 32_n0des
svitch Compute || Compute || Compute | | Compute 2x Titan X (pascal)
2x 40 GbE NIC
Head node TUSE 51 2 GB RAM
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Fast transient Search

66-Nnodes
2x GIX 1080




DP?A performance

DP4A DP2A (hi) DP2A (lo) :
x Avallable
N int8 int8 A - _int16 | _int16 i
;B int8 | int8 | int8 | int8 MM int8 | int8 | NA | NA J:M NA | NA | int8 [ int8 :
x GP102
x GP104
__forceinline__ _ device_ _
void dpd4a(int &c, int &a, int &) { x GP106
asm("dp4a.s32.s32 %0, %1, %2, %3;" : "+r"(c) : "r"(a), "r"(b), "r"(c));
}

Beamformer power scaling (128 antennas, 1024 beams)

= For complex data requires byte-wise transpose

= For beamforming and correlation (complex
multiply add) gives phenomenal performance:

= \\ithout dp4a: 4.1 Tflops

85% perf. @ 50% power

= \Vith dpda: 15.7 Tops




S-band system deployment

Full cluster
Tendering process First receivers deployment
begins (Feb '17) (Jul *17) (Dec ‘17)

Prototypes in SA Development Full operation with

(Feb 17) complete MeerKAT integration
(Sept “17) (March ‘18)



Summary

x Many big data challenges for SKA and its precursors:

= High processing loads

= High data throughput

x  Complex scheduling

= Enormous storage requirements
»  Multiple projects are currently ongoing trying to de-risk these issues
» | ots of fantastic science expected

»  (Great opportunity to hunt for the unknown unknowns!



