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Allen Telescope Array
Offset Gregorian Dish

e Each of the 42 antennas has 20 feet (6.
meters) In diameter.

e Produce ~1.5 GHz of bandwidth for each
polarization (~3.0 GHz in total).

 The entire telescope equated to ~60 GHz
or ~1 Tbps at 8 bits per sample.

onnected to the DSP Room via RF

cept
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Allen Telescope Array
Log-periodic Feed

........
......
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e
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 Ultra wide band capabillities are made
possible by the log-periodic feed-horn.

* Cryocooled to improve the sensitivity
of higher frequencies.

» New Antonio feed is surrounded by a = TS eet=
glass dome to help maintain the e
- ___vacuum and shield it from moisture.
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FPGA RFSoC Board

Data Acquisition
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* Recelved radio signal is transmitted to the " ;
DSP room via RF over fiber.
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* Signal is converted back to copper, pre- SR, et P!
amplified, mixed, and distributed to the  ="'4 - e e .
data-acquisition boards. 4 -
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Allen Telescope Array
Compute Cluster
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« Compute cluster composed of 8 dual-
socket EPYC servers with two NVIDIA ‘ g
RTX 3090 class graphics cards.

o e W W W R0

 Most of the computing is performed by
the GPU.

e Two Mellanox Connect-X 5 dual 100G.
* Two PCle x16 cards for NVMe cache.
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Data Processing

Analog
Cluster

61 GHz
(~1 Tbps)

EACH
Xilinx RFSoC FPGA
12 GHz 8-bits ADCs
100G Networking

o l A

------------------------------------------------------------------------

HPGUPPI
CPU-based

Digital Signal Processing
Cluster

-> BLADE >

GPU-based

EACH
2x AMD EPYC
2x NVIDIA A5000 (24 GB VRAM)
2X NVIDIA ConnectX Dual 100G NIC
2x 8TB NVMe Cache

On-Site DSP Room

HPGUPPI
CPU-based

------------------’



Allen Telescope Array
Beamforming

radiating
elements .

e Signal processing technique used in sensor arrays
(e.g., antennas or microphones) to focus on signals A/D converters

from a specific direction.
| . . do| |di] [do |ds| |dd |ds| |dg delays
* |nvolves applying different weights and phases to the T T T
sighals received by each element in the array. NV VN N N/ N/ N/ multiplications

* The weighted signals are then summed together to
create a single output signal.

 The weights and phases are chosen to enhance
signals from the desired direction (main lobe) and
suppress signals from other directions (side lobes).

. Beamforming Is used in applications such as wireless
‘communication, radar, sonar, and audio processing
to improve signal quality and spatial selectivity.




BLADE

Breakthrough Listen Accelerated DSP Engine

Responsible for most of the Digital Signal Processing of the ATA.

Currently processing data incoming from 20 antennas with more soon!

Each antenna represents ~3.0 GHz of bandwidth in 8 bits samples.

Equates to an aggregated ~960 Gbps in 16 instances (~60 Gbps/instance).
Currently implements 8 processing modules (beamforming, channelization, etc).
Design rules followed:

* Performant while hackable.

* Not afraid to use new tech (C++20, JIT Kernels, etc).

 |Low number of dependencies.



BLADE

CPU to GPU Cdpy (~24 GB/s)

Overall Architecture

Cast Module [INT8 > FLOAT32]
(1, 20, 768, 2048, 2) {FLOAT32} [GPU]

 Each module represents a compute
Operathn (CaSt, beamermlng, Channelizer Module [RATE 4]
: : : ] (1, 20, 192, 8192, 2) {FLOAT32} [GPU]
channelization, polarization, etc).

Beamformer Module [8 BEAMS]
(8, 1, 192, 8192, 2) {FLOAT32} [GPU]

A sequence of modules is contained
Inside a pipeline. It’s also responsible to
interface with the host device and hold
staging buffers.

Circular Polarization Module [H/V to L/R]
(8, 1, 192, 8192, 2) {FLOAT32} [GPU]

LL
=
-
-
LL
Q.
—
a
LL
=
-
lT
—
<C
L
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L
Q
<
-
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Detector Module [X-POL, INTEGRATE 1]
(8, 1, 192%524288, 1, 1) {FLOAT32} [GPU]

* Runner will hold one or more (ideally
two) pipelines described as workers. Cast Module [FLOAT32 to FLOATTS)
s (8, 1, 192, 8192, 2) {FLOAT16} [GPU]
The runner will asynchronously
schedule the execution optimizing for 6PU to CPU Cdoy (<24 GB/s)
maximum parallelization.

PIPELINE




And many more...

Detector

Phasor




Concurrent Execution

Asynchronous Worker Pool

EXECUTION TIME

BLADE
/O TRANSFER (PCle)
JOB 1

BLADE
/'O TRANSFER (PCle)
JOB 1

BLADE
COMPUTE
JOB 1

BLADE
/O TRANSFER (PCle)
JOB 2

BLADE BLADE
COMPUTE COMPUTE
JOB 1 JOB 2

BLADE
/O TRANSFER (PCle)
JOB 2

BLADE
/'O TRANSFER (PCle)
JOB 3

BLADE
COMPUTE
JOB 2

BLADE
COMPUTE

P> RESOURCE UTILIZATION

90%

COMPUTE

90%

/0 TRANSFER (PCle)

~100%

COMPUTE

~100%

I/0 TRANSFER (PCle)




BLADE v0.6.5

- 8x PCle 4.0 Hops
- 2x NVMe Writes

PREVIOUS PRODUCTION - 1x NVMe Reads

\/

( FPGA/HW/NIC STACK )

NIC to CPU Ciy (~24 GB/s)

CPU to GPU Ciy (~24 GB/s)

C BLADE MODE-B )

GPU to CPU ciy (~24 GB/s)

CPU to NVMe C py (~24 GB/s)

ENV@

(G

NVMe to CPU C py (~24 GB/s)

CPU to GPU Ciy (~24 GB/s)
GPU to CPU ciy (~24 GB/s)

CPU to NVMe C py (~24 GB/s)

ENVMB

o CPU W BLADE W NOT COMPUTER

BLADE VO_7_O - 4x PCle 4.0 Hops

CURRENT PRODUCTION ~ "X NYMe Writes

N\

( FPGA/HW/NIC STACK )

NIC to GPU ciy (~24 GB/s)

CPU to GPU Ciy (~24 GB/s)

C BLADE MODE-B )

GPU Copy ¢969 GB/s)

C BLADE MODE-H )

GPU to CPU ciy (~24 GB/s)

CPU to NVMe C py (~24 GB/s)

ENV@

BLADE - 2x PCle 4.0 Hops

NEXT - 1x NVMe Writes

N\

C FPGA/HW/NIC STACK )

NIC to GPU Ciy (~24 GB/s)

C BLADE MODE-B )

GPU Copy ¢999 GB/s)

( BLADE MODE-H )

GPU to NVMe C py (~24 GB/s)

6@




Blade Mode B + RAWSPEC

NVMe I/0
Write: 3.2 GB/s
Read: 3.2 GB/s

)

NVMe I/0
Write: 0.4 GB/s

)

BLADE
ADC/FPGA/NIC STACK BEAMFORMING Ve —> > e
N— N/
PCle 4.0 Transf GPU M C
Blade Mode BH — POle 40 Transter J ey Cory

N/

ADC/FPGA/NIC STACK

NVMe I/O
Write: 0.4 GB/s

BLADE BLADE :
BEAMFORMING HI-RES CHANNELIZATION NVMe
N—

Mode B + RAWSPEC
Total NVMe I/0

Write: 3.6 GB/s
Read: 3.2 GB/s

Sample Observation
Array Tensor: [A: 20, F: 192, T: 8192, P: 2]
Integration: 4 samples
Detection: Stokes-I (F32)

Mode BH
Total NVMe I/O
Write: 0.4 GB/s

Read: N/A



NVIDIA Holoscan

Advanced Network Operator (ANO)
CPU
4_.|:—:| @H|—|

e

CONNECTX GPU CONNECTX GPU

CPU

>

Single RDMA Transfer Two Transfers
(NIC -> GPU) (NIC -> CPU -> GPU)

D PCle Switch —  GPUDirect RDMA



Data Processing

Holoscan + CyberEther Pipeline

CyberEther
CyberEther Flowgraph View Developer Help 1 Fullscreen Mode (Press CTRL+L to exit)
) save (%) Close (9 Reset [J) Source @@ Info Y. Avto Layout £ New Stack  Title: N/A
¥ Flow Y Holoscan Nodes X

Number of nodes: 5
» adv_network_rx

» ata_transport_rx

> blade

» sink

>

cyberbridge-hol_source5-source

¥ Graphics

FPS: 55.5 Hz

Dropped Frames: 0

Render Backend: Vulkan

Viewport: Headless (Vulkan)
Device Name: NVIDIA RTX A4000
Device Memory: 16 GB

¥ Compute
Pipeline: 3 graph(s)
Stale: 0 block(s)
Present: 1 block(s)
Compute: 9 block(s)
Graph List:

[0] CUDA: & blocks
[6] CPU: 1 blocks

[0] CUDA: 2 blocks 0 A -‘ ’3 . l l . H Y HH



Data Processing

Holoscan + CyberEther Pipeline

CyberEther Flowgraph View Developer Help

{3 Fullscreen Mode (Press CTRL+L to exit)
[ save () Close ¢® Reset [J) Source @@ Info W Avto Layout £ New Stack  Title: N/A
¥ Graph Stack #1 P Holoscan Nodes =
v View - Lineplot (lin1@) X ¥ View - Lineplot (1in25) X
v View - Lineplot (1in38) X ¥ View - Lineplot (1in39) X

¥ Graphics

~H 60,0 Hz
l

‘rames

T Tt
ol (s
Device Memory: 16 GB

¥ Compute
Pipeline: 1 graph(s)
Stale: 0 block(s)
Present: 4 block(s)
Compute: 25 block(s)
Graph List:

[0] CUDA: 25 blocks



Deep Space Demonstration

Allen Telescope Array Holoscan Pipeline




Deep Space Demonstration

Allen Telescope Array Holoscan Pipeline

l |

~84060 MHz



Deep Space Demonstration

Allen Telescope Array Holoscan Pipeline

~8430 MHz



Deep Space Demonstration

Allen Telescope Array Holoscan Pipeline
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Space Demonstration

Allen Telescope Array Holoscan Pipeline




Space Demonstration

Allen Telescope A

~1094 MHz



Spaee Demonstration

Allen Telescope Array Holoscan Pipeline

» adv_network_rx

» ata_transport_rx

» blade
» sink

» cyberbridge-hol_source5-source
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A"en TeleSCOpe Array Fast Radio Burst Discovered by SETI

- e - - 2ETI Institute’s Allen Telescope Array
Scientific Contributions *UTE Jun 3, 2021

[\
N
S
-

Power (arb.)

-

O

+L
I
|

o0 2
O
=,
-
oh
o -
<
<
k=
=
o~
N

n
dn)]
0
[
[

n
»
|
1

[E—,
@)
-
-

150.2 150.0 149.8 149.6
Azimuth [deg]

i
N
[
|

N
e
I

[S—
=
S
-

ICRS Declination

N
+=
I
I

Frequency (MHz)

[S—
(|
-
-

I
S
[
|

7033245434 —0.10 —0.05 0.00 . 0.05 0.10
1399.75 MHz Time (seconds)

L
S
|
|

&

oY
NS
I
|

1 f 1 1 1
23h25rr| 24m 23rﬁ 221"{1
ICRS Right Ascension

1600

A The Astronomer's Telegram

Frequency (MHz)
1400

1200

(NEW) ATel 15735: Bright radio bursts from the active FRB 20220912A
detected with the Allen Telescope Array...
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Future

Extending the ATA’s Capabilities with Holoscan

ConnectX

y

Advanced

Network
Operator

UDP Packet
g Sorting Operator

““
““
.

Iy
&,
&,
o,
b,
b,

BLADE
Correlator
Operator

BLADE
Beamforming
Operator

De-Doppler
Drift Search

CyberEther
Visualization

TensorRT
ML Inference
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T Ve > o

P System Info

v Spectrogram

S R i | T

¥ Control
‘: 2460.000 MHz - + Frequency
10.000 MHz - 4 Step Size

Min: -100 Max: 0 dBF Range (dB
v Interpolate Waterfall

1.000000 Waterfall
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O] 7 A - -
wﬂ"z.fh Thanks for listening!
..; https://github.com/luigifcruz/blade
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Comments or questlons’?

Contact me!
https:// Iuigi.ltd/contact/



https://github.com/luigifcruz/blade
https://luigi.ltd/contact/

