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RUustNN

RustNN is a native implementation of the W3C WebNN standard.
It brings WebNN beyond the browser, enabling a unified web and desktop ecosystem.

To understand RustNN, we first need to understand WebNN.
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What is WebNN

WebNN: One Graph — Any Hardware

executing-an-MLGraph-using-MLTensors.js (O
1 const descriptor = 3dataType: 'float32', shape: [2, 2]%;
2 const context = await navigatur.ml.createCoﬂtext();
3 const builder = new MLGraphBuilder(context);
4
» WebNN is a W3C standard under active development for neural 5 // 1. Create a computational graph 'C = 0.2 % A + B, |
) 6 const constant = builder.constant(descriptor, new Float32Array(4).fill(0.2));
network inference Joconsth = bullder dnput (A, descripton);
cons = builder.inpu , descriptor);
- . . 9 const C = builder.add(builder.mul(A, constant), B);
* Provides an API to describe the computational graph through a e e e
MLGraphBU||der |nterface 12 const graph = await builder.build(3'C': C%);
13
] ] ] 14 // 3. Create reusable input and output tensors.
- The Browser compiles and dispatches it to the best hardware 9 const [lnputTensort, dnputTensort, outputiensorc] -
17 cuntext.creéteTensor({
Y CPU, GPU, NPU —_— Same graph* 12 })dataType: A.dataType, shape: A.shape, writable: true
. - . 20 coétext.createTensar({ |
° Chromlum delegates to WlndOWS ML . CoreML . theRT z; })dataT},rpe: B.dataType, shape: B.shape, writable: true
23 context.createTensor(3
° WebNN reaChed Orlgln trlals phase 2: })dataT}rpe: C.dataType, shape: C.shape, readable: true
26 1;
- Wider testing, but still under active development e ) 4 mitiatise the inmoute.
29 context.writeTensor(inputTensorA, new Float32Array(4).fi11(1.0));
. 30 context.writeTensor(inputTensorB, new Float32Array(4).fil11(0.8));
* One graph builder. The platform handles the rest. 51 " '
32 // 5. Execute the graph.
_ 33 const inputs = 3
@ BUt It S brOWSGr'Only. 34 "A': inputTensorA,
35 'B': inputTensorB
36 %;
37 const outputs = §
38 'C': outputTensorC
39 %
S 49 context.dispatch(graph, inputs, outputs);
EE@ 41
mOChineleOrning 42 // 6. Read back the computed result.
43 const result = awalt context.readTensor(outputTensorC);
* Ibq ﬁ(. ,b’ I7. l_ . - I l) e 44 console.log('Output value:', new FlDatBZArrZy(result)); // [1, 1, 1, 1]
Some data types and Operators are a Ing acnine earnlng aflrSt'C ass wep ctizen
3 Opt|ona| per the SpeC Source: https://webnn.io/en/learn/get-started/quickstart <ANVIDIA
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Web Machine Learning Comparison

SERIPTS
COYRE G ‘

%< Nneural network ;5? \
WebGPU = o=[8)

LBGE (M
ANNGEF

GOD =N f«)
LA v

il ”l \ —
S0 NEXT GEN
HARDWARE

=Hu DI B J / | |
SO LAUNCH: =
[ TOMORROW )

== 7 T

iii’ﬂi' Lo pert 7 VECTORIZATION
\ LOOP . 1{‘or (8eec) [: : E]
PERMUTATION _(ggfg@a "y ool 81

25N 010

VI MH O
S ?Eghi}%:u CACHE |\
T =k 6w Bl OCKING

Sc gl Yok
Yo IGH

[. C L\] LZO &
COD=M03. |

] | ] IJhIIvd |

Y | SN AdH
+CNDGIIU

Y _ =\
Which tensor How to execute tensor e o\
operation to operation in great detail S ——— - TIE . o]

CHEIN [ WORK' <=3 0%

- - | =S . y: ‘ J ) , \ " ~ y
— == > ~ = = . ‘ . S . |
K [ 4 { H v = \ 'n - e I
| — " - - \ - = ’ > 3 {
execute == e~ s R P A\ 0 L 7
=3 | T 1 = 8 Y « e W\ — ) \ VNN 7/
- - - ',‘ “ J"; Rl 1 - °’ . .' —— — 5 \ \ i | \\ j — == | A }
i — = &, - ) -3 - . ~ ) - — e R ‘,-ﬁ- \ . 2 ~ R B -»,‘\ ™ X » ; - s n
= A S~—— ~ ) V. \ = “ il —\\ 3
/ - - % % ' . N\ Y

1
'''''

<A NVIDIA



WebNN Samples - W3C Web Machine Learning Working Group

v m WebNN Samples X 4+ = O X

& O | O https//webmachinelearning... @ A vy &8 | ¥ & » - "icfxat

WebNN Samples

» Official W3C Working Group samples, focus on data processing

Tensors

A= [[1,7],

B = [[3,3],

C = matmul(A,L
Expect: [[33

* |Introduction samples like matmul

NNotepad - WebNN Playground WebNN Code Editor Image Classfication ® I I I l a e VI S I O I I S a I I I | e S
Abrowser-based playground for experimenting with Evaluate, review and modify WebNN sample codes Classifying the major cbject in the image into a set of

WeDbNN exprassions wilthout bollerpiale code. interactively in web browser pre-aefined classes.

* Face recognition

Handwritten Digits Classification Fast Style Transfer Noise Suppression (NSNet2)

Use LeNet te classify handwritten digits from the clasic Applying the STARRY NIGHT and other painting styles ANSNet2 bessline impementation of deep Isarming-
MNIST exarrple data sel. of Van Gogh to your image. based nolse suppression.

* Facial landmark detection

* |Image Segmentation

~ e o
N 3 ” .
Cherry s ' e @ 9 g

Noise Suppreasion (RNNoise) Object Detection Selfie Segmentation

An RNNoisa baseline implementarion of deed Detecting instances of semantic objects of a certain Sagments the prominent humans in the scene. . ;tyl e I ra n Sfe r
learning-based nolse suppression. class in digital images and videos.

* Nolse Suppression

Semantic Segmentation Facial Landmark Detection Face Recognition

Patitioning Image into semantically meonlré?u parts Datecting foclal landmarks like eyes, nose, mouth, etc, Detecting fcces of participants using object detaction
to Slasaify each part into pre determined class which can Ba usad for web based try on simulator of and checkirg whether each face was presant or not.
online stora.

The WebNN API is under active development within W3C Webd Machine Learning Working Group, please file a bug report if the WebhN sample doesnt work in the latest versions of Chrome or Edge

£2024 WebNN API - Instaliation Guides - Implementation Stotus

<A NVIDIA



WebNN Samples - Developer Preview

v B WebNN Developer Preview x 4+ = 0 X

& O | O https/microsoft.github.io/webnn-developer-preview/ A %) 8| £= P - ',bChat

%ONNX CRKR

RUNTIME . e Neural network

WebNN Developer Preview

Run ONNX models in the browser with WebNN. The developer preview unlocks interactive ML on the web that benefits from reduced latency, enhanced privacy and
security, and GPU acceleration from Windows ML. To run the samples below, please ensure the WebNN flag is enabled in about:flags. For more information on how to get
started with the WebNN Developer Preview, please visit our documentation.

text encoder /| unet /| vae gpu ' (npu ' text encoder /| unet ) vae gpu  (npu | text encoder /| unet /( vae gpu ) sam gpu ' | npu

Stable Diffusion 1.5 Stable Diffusion Turbo Stable Diffusion XL Turbo Segment Anything

encoder | decoder gpu ' (npu ' mobilenet /| resnet | efficientnet lite gpu npu | ( phi-4 | (tinyllama ' ( gwen2 ' ( deepseek gpu . [ npu

Whisper Base Image Classification Text Generation

Microsoft Edge 147.0.3912.86 Chromium 147.0.7727.118 WebNN
Windows ML ONNX Runtime Web ONNX WebNN APl WebNN Installation Guide

* Microsoft's WebNN Developer Preview samples

* More focused on generative Al
» Speech Recognition
+ Text Generation
* Image Segmentation

* Image Generation

<A NVIDIA



WebNN Killer App

Videoconferencing

-+ (Al) features are being integrated into videoconferencing software

- Background processing

1‘, 14 AM
\ S AN

< * Noise reduction

b(}\“ Sarah J. (Host)

o - Text-To-Speech / Speech-To-Text

» Al Assistant running in the background
* Eye-Camera adjustments
- Don't let Al drain your battery

- Let the browser run networks on the most (power) efficient device

<A NVIDIA



Browser as only platform?

If WebNN works great in the browser, can it work well on the desktop as well?

If it works well, can we build a shared ecosystem?

NVIDIA



RustNN - A brief history

Chromium has a pretty good WebNN implementation on top of ONNX Runtime & LiteRT

Unlike WebGPU (Dawn) their implementation is deeply intertwined with Chromium

What about other browsers or native applications?

Tarek Ziadé (Firefox) started rustnn, a Python and Rust Implementation of W3C WebNN aimed at Firefox in December 2025

| joined in January 2026 after realizing the potential

A native implementation would allow for a single deployment path in the web and desktop

A full ecosystem flow is required to meet the ML developers where they live today: Python

NVIDIA
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RUustNN Ecosystem

WebNN
Frontend

RustNN
Core

Backends

Tooling

Rust
RustNN

ORT

torch2webnn

Python Node.|s Browser
PyWebNN Webnnijs Servo-m|

IDL Interface

Graph Representation

Validation

WebAssembly
WebNN

onnx2webnn

TRT-RTX CoreML

webnnZ2json
webnn2js®
(webnn-graph)

Burn (POC)

rustnnpt
WPT WebNN
Harness

<A NVIDIA



WebNN everywhere

JavaScript - Rust - Python —and more

const context = let mut ctx = MLContext::create ( ml = webnn.ML ()
awalt navigator.ml.createContext ( &§MLContextOptions: :new ( context = ml.create context (
{powerPreference: 'default'}); MLPowerPreference: :Default, true)) ?; "

power preference="default",

const builder = let mut builder = accelerated=True)
new MLGraphBuilder (context) ; MLGraphBullder: :new (&mut ctx) ?; builder = context.create graph builder ()
const a = builder.input('a', let a = builder.input("a", a = builder.input("a", [3, 4], "float32")
{dataType: 'float32', &§MLOperandDescriptor: :new ( b = builder.input ("b", [4, 3], "float32")
dimensions: [3, 41}); MLOperandDataType: :Float32, c = builder.matmul (a, Db)
const b = builder.input('b’', vec![3, 4]1)) ?; graph = builder.build({"c": c})
{dataType: 'float32', let b = builder.input("b",
dimensions: [4, 3]11}); &§MLOperandDescriptor: :new (
const ¢ = builder.matmul (a, Db); MLOperandDataType: :Float32,
const graph = vec! [4, 3]))7?;
awalit builder.build({c}); let ¢ = buililder.matmul (a, b) ?;
let graph = buillder.build(
&§HashMap::from ([ ("c", c)]))?;

11 <A NVIDIA



Ecosystem / Workflow for WebNN Network Deployment 1

State of the Art

IHV EP 1
- N |
Browser LiteRT -  |HV EP 2
WebGPU IHV EP 3
o J
IHV EP 1
PyTorch - ONNX onnxruntime-web ONNX . |HVEP?
Runtime
O IHV EP 3
s
: N /3>
Browser /‘@Q O/‘C
wasm Q/}@ 0/71, IHV EP 1
o
\ o ~ 55 RustNN - IHVEP2
ONNX to WebNN gonversion each IHV EP 3

time a user visits your website

Network Development & Export Inference Backends

12 <A NVIDIA
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Ecosystem / Workflow for WebNN Network Deployment 2

Optimized Conversion

IHV EP 1
LiteRT < IHV EP 2
IHV EP 3

ONNX ~ onnx2webnn WebNN Graph —
(\webnn)
(json) ONNX . IHVEP?2
o)+ Runtime
Js) % IHV EP 3
.safetensors O
PyTorch - torch2webnn 7S5
f@%,{‘co
\ , NN HV EP 1
Y 0% RustNN . HVEP?2
Convert once

IHV EP 3

Network Development & Export Inference Backends

<A NVIDIA
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Ecosystem / Workflow for WebNN Applications 1

Running the network is only half of the game

Al workloads require pre and postprocessing like
Image decoding
Color space conversions
Normalization
Data Type Conversion
Tokenization
Sampling
Decoding

You might have code for this in Rust already — so why not use it?

NVIDIA



Ecosystem / Workflow for WebNN Applications 2

Develop once - ship native and as web application

IHV EP 1
LiteRT < IHV EP 2
IHV EP 3

ONNX — onnx2webnn

IHV EP 1

webnn ONNX
+ safetensors " Runtime < AV EP 2
IHV EP 3

PyTorch —— torch2webnn

\ ; \
! Y

Convert once Develop once
Deploy everywhere

l

IHV EP 1
RustNN < IHV EP 2
IHV EP 3

Network Development & Export Inference Backends

15 <A NVIDIA
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WebNN Anywhere

Matt Hargett ported RustNN to the Apple Watch

https://github.com/rustnn/rustnn/issues/110

We've spent ~30 days running rustnn end-to-end on Apple Watch SE 2 (arm64 32 ILP32, watchOS 11.6) — both the most-restricted
Apple runtime in current shipping hardware and a clean reproducer for every .mlmodelc -loader gap on the watchOS family. The

<A NVIDIA



RustNN Conformance
RustNN Core (ONNX Runtime Backend)

* ONNX Runtime backend will allow running across all ORT-supported execution providers

RustNN WPT Conformance

Date: Mon, 15 Jun 2026 10:37:12 GMT | Duration

- Execution provider selection not yet integrated
27.83s

- WPT tests validate spec conformance, numerical precision, and operator coverage NN e

» 99.36% of identified operator tests pass via rustnnpt, our Rust -> JavaScript WPT test harness

TOTAL PASS FAIL

- Regex reliably identifies operator tests, but misses more general tests 2491 2475 6
* Full test suite requires a real web environment.
10 99.36% 108

» webnnjs is a Rust/napi-rs Node.js addon that exposes the WebNN API backed by RustNN

» Next step is to plumb it into the cargo test pipeline

17 <X NVIDIA
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What’s next?

Conformance
Ensure we can run 100% of the conformance tests for better test coverage
Browser integration to get more content for testing and benchmarks
Update Firefox integration prototype
Generic GPU Backend https://github.com/rustnn/rustnn/pull/135
WebGPU has experimental support for subgroup matrices
Supported by Vulkan, Metal and D3D 12 through DX LinAlg Matrix Preview
Experiment with Burn WebGPU and ORT-WebGPU! Burn is more flexible supporting (CPU, Vulkan, DX, CUDA, Metal, ...)
Content!
Export more models through torch2webnn and onnx2webnn

Harden the exporters and backends

NVIDIA
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Get engaged!

https://github.com/rustnn

| .~

Markus Tavenrath, Principal Engineer Developer Technology ' .-E'E'i:-:l._.
|~ o] b L
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