Embedded Supercomputing:
Radio Astronomy at the Limit

SKA South Africa
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In the beginning....

Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
380,000 yrs. Galaxies, Planets, etc.

Inflation

Quantum
Fluctuations

1st Stars
about 400 million yrs.

Big Bang Expansion

13.7 billion years




-/
more recently
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Johannes Hevelius 60ft - 1673
(the Ewan McTeagle of his day)




everything we know so far

THE
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SPECTRUM

THESE WAVES TRAVEL THROUGH THE
ELECTROMAGNETIC FIELD THEY
WERE FORMERLY CARRED BY THE
AETHER, WHICH WAS DECOMMISSIONED
IN 1897 DUE TO BUDGET CUTS.
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getting the full picture
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Jansky VLA, New Mexico




1Jy=10" Wm2Hz"

Cir X—1 (17 Dec 2011)
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J2000 Right Ascension

| cannae do it, captain, ye cannae change the laws of physics
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how much wood could a wood chuck, chuck

0.00000016 J

0.00000000000007 J
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“Know your enemy and know yourself”

105 Jy Sun @ 5 GHz

l 08 J y GSM Phone @ 1km

O J y 'Smart' Phone @ 1m
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something a little bigger
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photon to image

Astronomical signal \
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Will it blend ?

l. UJ. 1

EiBlendtec '

= i
102 alaisl

1000000000000000000 B

@ 1 bit per grain of standardised* sand

* assumptions apply (10gpmm”3, 3kmx2kmx700m, only valid when calculated on paper napkin, just say no to assumptions)




You sir, are a blaggard and a coward

1 exbibyte

- 1 exabyte
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50 @ 63 =1

observation input data rate buffer




4 1.1

buffer read rate

1.7

total FP operations

1.9

working memory







available power




Ay IMmersive cooling
No fans
Glycol ground loop
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50 TFlops, 2 TB RAM, 8 TB Flash
25 kKW Power, O kW Cooling, S350k built
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measurement equation (redux)

baseline direction

—— A
V(u,v,w):f AllLmw|I|(,m e~ 2l v gy,

i 11

effects Image Fourier
transform
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convolutional gridding
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I P [y] : N 9) t e b 00 k imgmodel-nb Last Checkpoint: Dec 04 07:33 (unsaved changes)

File Edit View Insert Cell Kernel Help

Ol B[/ |B]|C|| Code Cell Toolbar:| None

Image size: 4608

PSF size: 50

W layers: 6

Compression: 0.447056121277

Visibilities (compressed) per output channel: 8.11139e+07 (2.596 GB)

Compute resources

The number of GPUs required is worst when the observation time is minimum (2h). The results below are for a Tegra X1.

s_result = imgmodel.generate_models(s_args)
s_model = s_result.model
imgmodel.report_models( 'Timings (single output channel)', s_result, lambda x: x.report_times(device=s_device))
imgmodel.report_models( 'Buffers', s_result, Model.report buffers)
imgmodel.report_models( 'Totals per output channel', s_result, lambda x: x.report_totals(device=s_device))
s_gpus = s_model.get_time(s_device) * s_args.out_channels / s_args.time
imgmodel.report_models( 'Grand totals', s_result,
lambda x: x.report_totals(s_args.out_channels, 1.0, s_args.time))
print
print "GPUs required: {0:.1f}".format(s_gpus)
print
imgmodel.report_models( 'Totals per GPU', s_result,
lambda x: x.report_totals(s_args.out_channels, s_gpus, device=s_device))

wcorrect: 2.687
ifft: 16.380
degrid: 9.344
zero_grid: 1.991
grid: 10.383

fft: 18.200

wstack: 3.981
initialise peak tiles: 0.166
find_peak: 0.203
subtract_psf: 0.586
update_peak: 1.280

8 Hours, 64 Antennas, Single Channel, 4k Image
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many FFTs

expensive gridding
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data_product_configure

<data_product_name>_logical.py

G = nx.DiGraph()

# Nodes: These represent tasks within the SDP
# that need to be configured. Most will be

# launched as containers on appropriate hosts.

G.add_node('sdp.telstate',{'db_key':0,
'docker_image': 'redis’,
'docker_params': {"port_bindings":
{r.get_port('redis'):6379}},
'docker_host_class':'sdpmc'})

# redis node for telescope state for graph

G.add_node('sdp.ingest.1',{'output_int_time':2,

'continuum_factor': 32,
'docker_image': 'katsdp/ingest’,
'docker_host_class': 'nvidia_gpu',
'docker_cmd':'ingest.py',\

'docker_params': {"network":"host", "devices":

["/dev/nvidiactl:/dev/nvidiact1",\
""/dev/nvidia-uvm:/dev/nvidia-uvm",
"/dev/nvidia@: /dev/nvidia@"]}

1)

# ingest node for arl

# Edges: These describe the network layout
# between nodes, including ip:port pairs and
# traffic types.

G.add_edge('cbf.xengine.1', 'sdp.ingest.1"',
{'cbf_spead.1':

}:{}' . format(

r.get_multicast_ip('cbf_speadl'),

r.get_port('chf_spead.1")),
'input_rate':10e6})

# spead data from xenginel

to ingest nodel

exists ?

N

refresh resources

SDPResources €¢——

build physical graph
from logical graph

e

<¢—» SDPGraph

launch telescope state
repository container

e

<¢—» TelescopeState

populate config

dictionary

——

configure multicast

—_—

launch each node of
graph as container

S

verify all nodes
active

SDPHost

L

establish katcp
passthrough
connections

# Each node will have corresponding
# specific configuration. e.g.

'sdp.file_writer.1": {
'docker_host_class": 'tape_archive',
'docker_image": 'katsdp/file_writer',
'10_spead": '225.100.100.255:30997",
‘output_dir": '/var/kat/data’,

'telstate': '172.17.42.1:30998'

}

'sdp.ingest.1": {
'‘antenna-mask': 'm0062,m0063',
'antennas': 2,
‘cam_spead': '225.100.100.254:30996",
'cbf_spead": '225.100.101.0:30999',
‘continuum_factor": 32,
'docker_host_class'": 'nvidia_gpu',
'docker_image": 'katsdp/ingest,
'input_rate": 10000000.0,
'10_spead": '225.100.100.255:30997",
'output_int_time": 2,
'telstate’: '172.17.42.1:30998'
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ignore the logo, it's clearly an internal design.
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pre cambrian cooling inc.

100Nodes
i LLLLLLLE i
0.4

" TB RAM

5OTB SSD
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0.7,

H |Ve peltier exchange
FERRO Ground Loop




deep fried
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Samples
ubuntu:~/0esl-
“ubuntu: . /pesy
body Particy,

nl
ubuntu.tegr.-ubuntu /Desk
Cuoa Particles Stmulation

1 uby,
tu@tegra.
UPA Smoke pa 1
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The build

TEGRA X1 TESLA K40

1056 Nodes 50 servers

Tegra X1 2 x Tesla K40

4 GB RAM 2 x E5-2660v3

512 GB SSD 6 x 2TB SATA
64 GB RAM

22 Switches 3 |
2 x 10 GbE SFP+ Switches

48 x 1 GbE 4 x 40 GbE QSFP

36 x 10 GbE SFP+

11 Pods

15M Ground Loop 3 Racks
50L Mineral Oil Just a rack
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Super green ? Super green.

TEGRA X1 TESLA K40

$350 kilo $l,056 kilo

S$310k Hardware S816k Hardware
S40k Infrastructure S58k Infrastructure

12.4 kw 51.5kw

11.9 kW Hardware 44.3 kW Hardware
0.5 kW Cooling 13.2 kW Cooling
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