Behind CyberEther:

Bridge to Portable GPU Accelerated Interface

Luigi Cruz (@luigifcruz) GNU Radio Conference 2024 - Knoxville, TN



https://twitter.com/luigifcruz

CyberEther

Multi-platform GPU-accelerated interface for compute-intensive pipelines.
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 Modern software has to take advantage of the entire silicon.
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CyberEther

Multi-platform GPU-accelerated interface for compute-intensive pipelines.

¥ Custom Render for graphics built with Vulkan, Metal, and WebGPU.
47 Compute scheduler supporting Vulkan, Metal, and WebGPU.

« W Native browser support with WebAssembly and WebGPU.

& Low-latency headless remote interface.

« %) Superluminal high-level real-time visualization library for Python and C++.

e 33 MIT Licensed



CyberEther

Custom Graphical Render

Modules (FFT,MUL,HIS) Compositor (UI,FLW,DCK)

Viewport

Abstracts away state-of-the-art
low-level graphical frameworks
such as Vulkan, Metal, and
WebGPU.

Abstracts away OS viewport
creation GLFW (Linux, Windows,

macOS), MTKView (i0S), and
Headless.

Supports advanced features:
* Font rendering with SDF.
* |nstanced rendering.
 Multi-draw Indirect.

Freedom from proprietary or stuck-
in-time rendering interfaces.



CyberEther

Low-Level Graphical APl Abstraction

Jetstream Render

e Linux  macOS e (Chrome
 Windows  |0OS, iPadOS, tvOS « Safari Technology Preview
 Android * Firefox Nightly




CyberEther

It Runs Everywhere ™
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¥ Systen Info

¥ Buffer Health

Buffer Throughput 36 MB/s
Capacity 128 M8

¥V Compute

Data Shape: (16, 2048)
Compute Device: CPU

¥V Render

FPS: 68.8 Hz

Device Name: NVIDIA GeForce RTX 3090
Has Unified Memory: YES
Physical Memory: 24 GB
Processor Count: 8

Viewport Device: GLFN (Vulkan)
Render Device: Vulkan

Dropped Frames: ©
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/'S control
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CyberEther Flowgraph View Developer Help

O nNew

& Open

¥ Graphics

FPS:

60.5 Hz

Dropped Frames: 0

Render Backend: WebGPU
Viewport:

Device Name:

@ Connect WebUSB Device

8 Welcome to CyberEther! Version: 1.0.8 (Alpha)

CyberEther is a tool designed for graphical visuvalization of radio
signals and general computing focusing in heterogeneous systems.

To get started, create a new flowgraph or open an existing one using
the toolbar or the buttons below.

D New Flowgraph (g Open Flowgraph I Open Examples

GLFW (WebGPU)

To learn more about CyberEther, check the Help menu.

Y ACoRn e (@ Getting Started @@ About CyberEther @) Block Backend Matrix
Pipeline: 8 graph(s)
Stale: 8 block(s)
Present: 8 block(s)
Compute: 0 block(s)

Graph List:

uns on a Linux machine.
uns on a Windows machine.
uns on a Mac machine.

uns on Chrome or Safari.
uns on an iPhone.

uns on an iPad.
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CyberEther

Low-Latency Headless Remote Interface

Sensor/NIC

Headless Module

v

CyberEther Interface

* 12 GB/s RAW 1Q

CyberEther Interface Mbps

MPEG TS
1080p 60 Hz *

* 1 GB/s RGB FB

Headless Viewport Screen

Remote Machine Client Machine




CyberEther

Advanced Render Features

 Thick Lines offloaded to compute shader.

T —— ) - Font and Lines with Signed Distance Field.

-0.02 0.00 0.02 0.03 0.05 0.07 0.08 0.10 @12

* (reat anti-aliasing.

&
(06.00045207, 0.76968)

* |nstancing support.

 Multiple versions of the same object.

M/‘\/M/W«/\NWWMW -« Multi-draw Indirect support.

* Multiple objects sharing a single buffer.

* Single GLSL shader for all backends.

* Translated using SPIR-V as intermediate.
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CyberEther

Heterogeneous Compute Scheduler

Modules (FFT,MUL,HIS,LPT) .

Heterogeneous API Scheduler .

VK Graph MTL Graph § CUDA Graph § WGPU Graph g CPU Graph

No vendor lock-in.
Support to all major compute APIs.

Default asynchronous instantiation
of compute kernels.

Synchronization between APIs
transparently handled by the
Scheduler.

Transparent memory sharing
between API| and devices.



CyberEther

Seamless Memory Sharing

* Zero-copy.
Tensor<Device::CUDA, F32> storage({8192});

* No wasted time copying data.

REQUIRE(storage.device() == Device::CUDA);
REQUIRE(storage.root_device() == Device::CUDA); . ) : -
REQUIRE (storage. references() == 1); Wraps low-level interoperability API.

Tensor<Device::Vulkan, F32> cloned_storage(storage); * Same memory. I\/Iultlple API.

REQUIRE(cloned_storage.device() == Device::Vulkan); * Possible paths:
REQUIRE(cloned_storage.root_device() == Device::CUDA);

REQUIRE (cloned_storage.references() == 2); e Vulkan @ CPU
// OR THE OTHER WAY AROUND e Vulkan @ CUDA
Tensor<Device::Vulkan, F32> storage({8192});

Tensor<Device::CUDA, F32> cloned_storage(storage);  CUDA . CPU

// Jetstream implements CUDA low-level
// Virtual Memory Management (VMM) behind the scenes.
// No user interaction with the API.



v Automatic memory sharing between APIs.

CyberEther

HeterOgeneous FIQWQ raph v Automatic synchronization between APIs.
=~ — - ¥ Best accelerator (CPU, GPU, etc) per task.
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CyberEther Flowgraph View Developer Help

() New (@@ Open

¥ Graphics

FPS:

Dropped Frames:
Render Backend:
Viewport:
Device Name:
Low Power Mode:
Device Memory:
Thermal State:

¥ Compute
Pipeline:
Stale:
Present:

Compute:
Graph List:

120.4 Hz

0

Metal

GLFW (Metal)
Apple M1 Pro
NO

16 GB

0/3

® graph(s)
@ block(s)
® block(s)
0 block(s)

 Welcome to CyberEther! Version: 1.0.0
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CyberEther is a tool designed for graphical visuvalization of radio
signals and general computing focusing in heterogeneous systems.

To get started, create a new flowgraph or open an existing one using
the toolbar or the buttons below.

D New Flowg&aph B Open Flowgraph & Open Examples

To learn more about CyberEther, check the Help menu.

(@ Getting Started @ About CyberEther (@) Block Backend Matrix

(¥) Success



) save (¥ Close (9 Reset [J) Source @@ Info W, Auto Layout =B New Stack  Title: Spectrum Analyzer [P] (3)

CyberEther Flowgraph View Developer Help

v Graph Stack #1 X
v View - Spectrogram (spc) X

v View - Waterfall (wtf) X




CyberEther Flowgraph View Developer Help

() New (@@ Open

¥ Graphics

FPS:

Dropped Frames:
Render Backend:
Viewport:
Device Name:
Low Power Mode:
Device Memory:
Thermal State:

¥ Compute
Pipeline:
Stale:
Present:

Compute:
Graph List:

119.0 Hz

0

Metal

GLFW (Metal)
Apple M1 Pro
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16 GB

0/3

® graph(s)
@ block(s)
® block(s)
® block(s)
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CyberEther is a tool designed for graphical visuvalization of radio

signals and general computing focusing in heterogeneous systems.

To get started, create a newlg}owgraph or open an existing one using

the toolbar or the buttons betow.

[) New Flowgraph

E Open Flowgraph i Open Examples

To lLearn more about CyberEther, check the Help menu.

() Getting Started

@ About CyberEther

@) Block Backend Matrix

(©) Success
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Remote Visualization

Allen Telescope Array Holoscan Pipeline

CyberEther Flowgraph View Developer Help _

L3 Fullscreen Mode (Press CTRL+L to exit)
®) save () Close (9 Reset [J) Source @@ Info Y Auvto Layout B New Stack  Title: N/A
v 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: 6 blocks
[B8] CPU: 1 blocks

[6] CUDA: 2 blocks ‘ A .1 ‘3 . l . l . H B



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 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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SUPERLUMINAL



Superluminal

High-level real-time visualization library for Python and C++.

o Simple high-level interface.
* Same high-performance visualization.
» Similar syntax for C++ and Python.

* Implement in your project in minutes.



Superluminal

Static visualization

import numpy as np
import superluminal as Im

data = np.sin(np.linspace(@, 2 * np.pi, 8192))

lm.plot(data, lm.line, label="Sine")
Im.show()

Frequency (MHz)

r .
e Superluminal
.73 .54 -0.36 -0.18 0.00 0.18 0.36 0.54 0.73
»
(NN
o
A
(¢b]
3 (-0.24183, 0.067817)
»
~
(=N
1=
<T

-
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Superluminal

Realtime visualization

import time
import numpy as np
import superluminal as lm

data = np.random.rand(1, 8192).astype(np.complex64)
Im.plot(data, lm.line, label=“Sine”)

def callback():
phase = 0

while 1m.running():
# Generate sine wave
for i in range(data.shapel1l]):
datal[@, i] = np.sin(i *x 0.01 + phase)
phase += 0.1

# Update the plot.
lm.update()

# Sleep for 10 ms.
time.sleep(0.01)

Im.realtime(callback)

A

Amplitude (dBFS)

-0

ATL5)

-0

]

-0

36

Superluminal

-0.18 ©0.00 ¢

(-0.33226\ 0.2

=18

68)

Frequency (MHz)

0

36

0

L)

0

73
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Superiuminal e

Time & Frequency Domain

(0.00045578, 0.64913)

Amplitude (dBFS)

Frequency (MHz)

import numpy as np
import superluminal as Im

data = np.random.rand(1l, 8192).astype(np.complex64)

lm.plot(data, lm.line, label="Random", domain=(1lm.time, 1m.frequency))
Im.show()



Superluminal

Syntax between languages

import numpy as np #include <jetstream/superluminal.hh>
import superluminal as lm

int main() {

data = np.random.rand(1l, 8192).astype(np.complex64) * auto data = Tensor<Device::CPU, CF32>({1, 8192});
lm.plot(data, 1m.line, label="Random") for (U4 j = @0; j < data.shape(1l); j++) {
lm.show() datal[{0, j}] = std::rand() % 3;

s
F))ftr]()r] Superluminal::Plot("Random", {{1}}, 4

.buffer = data,
.type = Superluminal::Type::Line,
r);

Superluminal: :Show();

return 0;

C++



Superluminal
Goals for Alpha 6

 Add more visualizations (Waterfall, Constellation, Spectrogram, etc).
« Make it installable with pip i1nstall superluminal.

* Add support for more data types.

* Add support for CUDA buffers.

 Add more examples.
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Future Work

Call To Action

* I’'m a single person working on this on my free time.

* Turns out it’s very hard to do all of this.

 Community support is appreciated. Help Wanted

e Stabilize Browser support.

* Create demodulation demos.

* Add third-party SDR support.

* Write more tests.

* Expand documentation.

e Stabilize Remote (transport and protocol).



2% Thanks for listening!
04 https://qgithub.com/luigifcruz/CyberEther

Questions?

Contact me! =3
https://luigi.ltd/contact/ [gFsk
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