ACCELERATING SETI

ALLEN TELESCOPE ARRAY NEXT-GEN DSP PIPELINE
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What is SETI?

Search for Extraterrestrial Intelligence

The Quest

* Exploring the possibility of intelligent life beyond Earth.
» Utilizing advanced technology to listen for signals from distant civilizations.

The Mission

* A worldwide effort involving telescopes, scientists, and engineers.
 Answering "Are we alone?”.

The Challenge

» Distinguishing the civilizational whispers from the cosmic noise.
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Allen Telescope Array
Offset Gregorian Dish

 Each of the 42 antennas has 20 feet (6.1 m)
IN diameter.

* Produces ~1.5 GHz of bandwidth for each
polarization (~3.0 GHz in total).

* The entire telescope equates to ~84 GHz or
~1.4 Tbps at 8 bits per sample.

e Connected to the DSP Room via RF over
fiber.

 Ultra-wideband reception.
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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-
amplified, mixed, and distributed to the
data-acquisition boards.

. Signal is digitized using RFSoC FPGA  ~mel {aage R @
boards where it is pre-channelized, 222 )P b k¥ ?

packetized, and sent over the network via
100G fiber.
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 Data is received in the processing nodes.



Data Processing

Analog
Cluster

84 GHz
(~1.4 Tbps)

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

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

------------------’
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BLADE

Breakthrough Listen Accelerated DSP Engine

Responsible for most of the Digital Signal Processing of the ATA.
Currently processing data incoming from 28 antennas with more soon!
Each antenna represents ~3.0 GHz of bandwidth in 8 bits samples.
Equates to an aggregated ~1.4 Tbps in 16 instances (~90 Gbps/instance).
Currently implements 9 processing modules (beamforming, correlator, etc).
Design:

« Common interface between astronomy oriented DSP modules.
e Just-in-time compilation of CUDA kernels.

e Performant while hackable.



BLADE

Overall Architecture

 Each module represents a compute
operation (cast, beamforming,
channelization, polarization, etc).

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

 Runner holds two pipelines streams
running asynchronously. The runner will
schedule the execution optimizing for
maximum parallelization.

( PIPELINE )

CPU to GPU C?py (~24 GB/s)
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BLADE REAL-TIME PIPELINE
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Cast Module [INT8 > FLOAT32]
(1, 20, 768, 2048, 2) {FLOAT32} [GPU]

Channelizer Module [RATE 4]
(1, 20, 192, 8192, 2) {FLOAT32} [GPU]
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Beamformer Module [8 BEAMS]
(8, 1, 192, 8192, 2) {FLOAT32} [GPU]
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Circular Polarization Module [H/V to L/R]
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(8, 1, 192, 8192, 2) {FLOAT32} [GPU]

Detector Module [X-POL, INTEGRATE 1]
(8, 1, 192%524288, 1, 1) {FLOAT32} [GPU]
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Cast Module [FLOAT32 to FLOAT16]
(8, 1, 192, 8192, 2) {FLOAT16} [GPU]
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GPU to CPU C&py (~24 GB/s)

( PIPELINE )




Concurrent Execution

Asynchronous Worker Pool

-------------------------------------------------- RESOURCE UTILIZATION
EXECUTION TIME - e
%
BLADE BLADE 0
e e
/O TRANSFER (PCle) /O TRANSFER (PCle) 50 / 0
JOB 1 JOB 2 /0 TRANSFER (PCle)
BLADE 0
COMPUTE - 1 00 / 0,
JOB O
BLADE BLADE BLADE BLADE — 1 00 O/
/O TRANSFER (PCle)  1/O TRANSFER (PCle)  I/O TRANSFER (PCle) |/ 112/ NSEr (P01 0

JOB 1 JOB 2 JOB 3 JOB 4 /0 TRANSFER (PCle)
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Holoscan
NVIDIA’s Streaming Sensor Platform

What is Holoscan?

 High-performance platform for sensor data processing and Al inferencing.
 |everages the power of NVIDIA GPUs for efficient data movement and computation.

Benefits

e Scalability: Handles high data volumes and scales with additional hardware.
o Simplicity: Easier to build and deploy sensor processing applications.

Advanced Network Operator (ANO):

* Abstracts system tuning and GPUDirect RDMA implementation.
 Enables data to bypass CPU and directly reach GPUs for faster processing.



Holoscan
Advanced Network Operator (ANO)

CPU CPU
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CONNECTX GPU CONNECTX GPU

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

D PCle Switch —  GPUDirect RDMA



Analog
Cluster

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

Data Processing

Digital Signal Processing
Cluster

NVIDIA Holoscan

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

~.-----------------'



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

C HPGUPPL

) (

HPGUPPI

)

CPU to GPU Ciy (~24 GB/s)

CPU to GPU Ciy (~24 GB/s)

( BLADE MODE-B

) C

RAWSPEC

)

GPU to CPU ciy (~24 GB/s)

GPU to CPU ciy (~24 GB/s)

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

ENV@

@mmw CPU Bl BLADE

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

ENV@

B NOT COMPUTER

BLADE VO_7_O - 4x PCle 4.0 Hops

CURRENT PRODUCTION ~ "X NYMe Writes
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C FPGA/HW/NIC STACK )

NIC to GPU ciy (~24 GB/s)

( HPGUPPL )

CPU to GPU ciy (~24 GB/s)

( BLADE MODE-B )

GPU Copy ¢996 GB/s)

( BLADE MODE-H )

GPU to CPU ciy (~24 GB/s)

( HPGUPPL )

CPU to NVMe C py (~24 GB/s)
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BLADE - 2x PCle 4.0 Hops

NEXT - 1x NVMe Writes
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C FPGA/HW/NIC STACK )

NIC to GPU Ciy (~24 GB/s)

( BLADE MODE-B )

GPU Copy ¢900 GB/s)

( BLADE MODE-H )

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



Deep Space Demonstration

Allen Telescope Array Holoscan Pipeline




Deep Space Demonstration

Allen Telescope Array Holoscan Pipeline
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~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 A

~1094 MHz



Space Demonstration

Allen Telescope Array Holoscan Pipeline




Spaee Demonstration

Allen Telescope Array Holoscan Pipeline

» adv_network_rx

» ata_transport_rx

» blade
» sink

» cyberbridge-hol_source5-source
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Future
Extending the ATA’s Capabilities with Holoscan

NEXUS

gRPC gRPC gRPC gRPC gRPC

STELLINE STELLINE STELLINE STELLINE STELLINE




Future

Extending the ATA’s Capabilities with Holoscan

ConnectX

y

Advanced

Network
Operator

UDP Packet
g Sorting Operator
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BLADE
Correlator
Operator

BLADE
Beamforming
Operator

De-Doppler
Drift Search

CyberEther
Visualization

TensorRT
ML Inference




Real Time ML for Transient Search

Previous ML for SETI Previous ML for Fast Radio Burst

Waterfal Plot 2> O . ‘
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DM-Time plot 2> 2~ C (\

Discovered candidates not found by e s T -
previous classical techniques EEECC %ﬁ .

Used B-VAE + Random Forest Class. cNN model (Zhang et al.)

Used 12 Titan Xs |
achieved ~ 18min / 30min obs [dom. I/O] Hybrid (Connor et al.)
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Next Compute Platform Trials
NVIDIA IGX Orin

e 12-core ARM CPU (Cortex-A78)

A" * NVIDIA ConnectX-7

e 2x 100 GbE
* 32-lane PCle 5.0 Switch
* NVIDIA A6000 Ada
* OpenBMC (Aspeed AST2600)




Luigi Cruz, Ifcruz@seti.org

Thank You!
Questions?
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