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Background and basics

The dynamic, millisecond radio sky

31188215

31188214
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Dispersion; frequency-swept signals
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Background and basics

y position (kpc)
height above the galactic plane (kpc)
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Background and basics

Dispersion; frequency-swept signals
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Background and basics

Fast Radio Bursts

Joeri van Leeuwen HPC Processing and Deep Learning Techniques for Classifying Radio Bursts Big data tools 2017



él UNIVERSITEIT VAN

X AMSTERDAM

ASTRON

Fast transients as cosmological probes

Using FRBs, we can
 directly detect every single baryon along the line of sight!
* use the DM-redshift relation as a cosmic ruler
* measure turbulence on sub 108m scales at distances of ~1Gpc
* probe IGM physics: primordial magnetic field & energy deposition

“Missing”
Baryons \
Dark energy: |_y k-
identity unknown, =
el absorption
systems

S

f Other nonluminous components
Luminous matter: intergalactic gas 3.6 percent,
stars and luminous gas 0.4 percent neutrinos 0.1 percent
radiation 0.005 percent supermassive black holes
0.004 percent

Slide after JP’ Macquart 2016
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Background and basics AST(QON

Fast Radio Bursts (FRBs) & Intermittent pulsars
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The LOFAR Pulsar Surveys
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The LOFAR Pulsar Surveys: The 25,000 Receivers AST(QON
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The LOFAR Pulsar Surveys: Processing Steps

Task-farm preprocessing

|
[
[
Frequency-beam transpose I , .
: Dedispersion
|
[
[

Acceleration searching
Pulsar folding

13.000 cores 44 TFLOPS 2400 cores 20 TFLOPS

[
[
| LOFAR Stations —» FPGA Preprocessing : SARA Grid Storage » NL Grid
[
[ ) .
[ . Dedispersion
2 ' .
[ l 200 Gbps : T 10 Gbps Acceleration searching
| ' , Pulsar folding
[ BlueGene/P CEPII Cluster
I -' =
' Station-frequency transpose %:'“ Interference mitigation Lyl . )
' Stations combined to beams = Downsampling Cartesius
1] =
[
[
[
[
[

Real-time, streaming system

Jason Hessels, Vlad Kondratiev (ASTRON), Thijs Coenen, Sotiris Sanidas, Daniele
Michilli (UvA), Ben Stappers, Sally Cooper. Chia Min Tan (U. Manchester), ++
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The LOFAR Pulsar Surveys: Grid Storage AST(QON

10-Gbps dedicated connection LOFAR-SURFsara
Survey data stored on Grid tape robot, currently > 5 PB.
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The LOFAR Pulsar Surveys: Grid Processing AST(QON

Grid search computing was used for the LOFAR Pilot Survey —
for a total of 1.3 M core-hrs
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The LOFAR Pulsar Surveys: Grid Processing AST(QON

The 2 first LOFAR pulsar discoveries:
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The LOFAR Pulsar Surveys: Cartesius Processing

750

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

15¢°

...........

a5\

' Incoherent beams A
' : /. et PSRS
Targeted

7=t RRATs

450

-F5°

Full survey: as of yesterday, first 1264 pointings (62 %) observed.
About twice as sensitive as the pilot survey, and covering 20x more sky.

Credit: Vlad Kondratiev (ASTRON)
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The LOFAR Pulsar Surveys: Cartesius Processing

Processing on Cartesius, 55 M core-hrs awarded (PI: vL)

4 TB of 8-bit data per pointing (219 beams)

2.5-hr x 24 cores / beam, for quick search ; 20-hr for full acceleration search

Same search software used for number of LOFAR Pulsar Projects (e.g. Klim Mikhailov’s)

1100 pointings processed
> 40,000,000 periodic candidates

> 100,000,000 single-pulse candidates

Big data tools 2017
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The LOFAR Pulsar Surveys: Machine Learning AST(QON

Neural networks have distinguished neutron stars from other signals — discovered 6
pulsars in our Arecibo pulsar survey PALFA.

F1:96% (' Logistic Regression

] + ( [ T T T
Best Profile ; 'ir'f-i__'"_" 3 l ] el d ]
i o Nt ’ i
" ..1!-.11 l- l TEY T n’!il gq L 4
l‘ - 1-}.—- ’l "
i “;!-"‘: 1 ) X0
T R el DM (pe/en®
[ 3 PI— s L ') IHJ v

From Zhu et al. (2013)
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The LOFAR Pulsar Surveys: Machine Learning

The most important features:

Joeri van Leeuwen
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The LOFAR Pulsar Surveys: Machine Learning AST(QON

Simple features separate well:
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The LOFAR Pulsar Surveys: Results
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ARTS - the Apertif Radio Transient System AST(QON
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Pulsars: cosmic lighthouses
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The ALERT survey ASTRON

Apertif: 8.7 deg? field, 20 frames/ms

Westerbork

Apertif, 2017+
Previously

Smin = 160m]y
D, =10km
Freq =1.2-1.5GHz

Joeri van Leeuwen
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The ALERT survey ASTRON

LOFAR: resolution and sensitivity, at low frequency
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The opportunity — and the problem

' | Apertif 1.2-1.5 GHz

LOFAR 0.1-0.2 GHz

2000000000000
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Fast transients: The ALERT survey follow-up

Radio, x-ray, gravitational-wave & optical follow-up -
(ask Leon Oostrum)

Interpretation & modelling —
Host and progenitor associations
Expected rates (ask David Gardenier)
Electron density and distribution along lines of sight
Coherent & afterglow emission, acceleration, densities
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The solution: a real-time hybrid FPGA-GPU transient machine

3.7 Tbps — 210 Gbps 210 Gbps -> 3.0 Tbps -> 0.2 Gbps
25 TMAC/s 2 PFLOPS
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The solution: a real-time hybrid FPGA-GPU transient machine

Hardware, arriving mid-Aug
16 Uniboard (128 Altera Stratix IV)
5 Uniboard? (20 Altera ArrialO — sponsered by Intel)
40 Servers

800 CPU Cores

160 GPUs (NVIDIA 1080 Ti)
2 PFLOP FP32-Top 100 :)
1 PBdisk

40 Gbps to the world

m“HHHWMVM“}“”“‘m”m’m"wu‘mwm‘
A F ARDIO THHﬂsEnrmmmm|am

PERTI T

@ Westerbork!
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The solution: a real-time hybrid FPGA-GPU transient machine

Software / firmware
Software ready. Autotuned OpenCL pipeline by Alessio Sclocco (NLeSC). End-to-end
test on Crab pulsar detected high-DM pulse.

Frequency vs. Time

600
o
Integration by Jisk Attema (NLeSC) 300
200 |
and Yan Grange (ASTRON). o
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Deep Learning for FRBs

Using TensorFlow on a simulated / aggregated training set of only 2000, Liam Connor
(ASTRON/UvA) gets very encouraging test results:
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Big Data from the Square Kilometer Array

uploads to
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Conclusions

The LOFAR pulsar surveys are highly productive. Data mostly reduced off-line. Only
possible because of world-class HPC plus basic ML.

Apertif on WSRT will offer unique wide-field detection, in real-time system, with
dedicated HPC and deeper ML.

For SKA, computing, data and analysis challenges require a regional data center.
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