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Cores, and others.

1 Although some scientific
computing libraries exist
for JS/TS, having builtsin
suppert would be far more
desirable!

Web A& &RIF K

1 Incredible new power
unlocked for the free, open
and competitive Web!

L Native lensor.support! It

1

would be amazing to have
Tensor objects and
operations built into
Chrome, and available as
an“ML API” similar to the
other Chrome APlIs.

Delighted to find the
working drafts of WebNN.
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Abstract

This document describes a dedicated low-level AP| for neural network inference hardware acceleration.
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XNNPack/CPU backend External Delegate Execution Provider
(ad N
W3C Web Platform Test ¢ 2
eb Platform Tests TensorFlow, .. ONNX
WebNN Spec 1 . RUNTIME
““ TensorFlow.js
¥ clamp
clamp % /2 ¥ ReluN1Tol ¥ Clip
¥ Relu6
M concatenate2
concat e ¥ concatenate3 ¥ Concatenation ¥ Concat
¥ concatenate4
¥ Conv2d
conv2d % /2 M convolution_2d ¥ Conv
¥ DepthwiseConv2d
¥ TransposeConv
convTranspose2d W ¥ deconvolution_2d ¥ ConvTranspose
2 Convolution2DTransposeBias
add element-wise binary % /2 ¥ add2 ¥ Add M Add
sub element-wise binary % /2 M subtract ¥ Sub M Sub
mul element-wise binary u f . multiply2 . Mul . Mul
diy element-wise binary % /2 ¥ divide ¥ Div & Div
Max element-wise binary u f . maximum?2 . Maximum #® Max
min €lement-wise binary ¥/ ¥ minimum?2 ¥ Minimum # Min
abs element-wise unary = /2 M abs ¥ Abs # Abs
ceil €lement-wise unary = /2 ¥ ceiling ¥ Ceil ¥ Ceil
floor €lement-wise unary % /2 M floor ¥ Floor M Floor
neg element-wise unary s /2 ¥ negate M Neg # Neg
elu % 72 ¥ elu ¥ Elu @ Elu



https://www.w3.org/TR/webnn/
https://www.w3.org/TR/webnn/#api-mlgraphbuilder-clamp
https://wpt.fyi/results/webnn/clamp.https.any.html?label=master&label=experimental
https://github.com/web-platform-tests/wpt/blob/master/webnn/clamp.https.any.js
https://www.w3.org/TR/webnn/#api-mlgraphbuilder-concat
https://wpt.fyi/results/webnn/concat.https.any.html?label=master&label=experimental
https://github.com/web-platform-tests/wpt/blob/master/webnn/concat.https.any.js
https://www.w3.org/TR/webnn/#api-mlgraphbuilder-conv2d
https://wpt.fyi/results/webnn/conv2d.https.any.html?label=master&label=experimental
https://github.com/web-platform-tests/wpt/blob/master/webnn/conv2d.https.any.js
https://www.w3.org/TR/webnn/#api-mlgraphbuilder-convtranspose2d
https://wpt.fyi/results/webnn/conv_transpose2d.https.any.html?label=master&label=experimental
https://github.com/web-platform-tests/wpt/blob/master/webnn/conv_transpose2d.https.any.js
https://www.w3.org/TR/webnn/#api-mlgraphbuilder-binary
https://wpt.fyi/results/webnn/elementwise_binary.https.any.html?label=master&label=experimental
https://github.com/web-platform-tests/wpt/blob/master/webnn/elementwise_binary.https.any.js
https://www.w3.org/TR/webnn/#api-mlgraphbuilder-binary
https://wpt.fyi/results/webnn/elementwise_binary.https.any.html?label=master&label=experimental
https://github.com/web-platform-tests/wpt/blob/master/webnn/elementwise_binary.https.any.js
https://www.w3.org/TR/webnn/#api-mlgraphbuilder-binary
https://wpt.fyi/results/webnn/elementwise_binary.https.any.html?label=master&label=experimental
https://github.com/web-platform-tests/wpt/blob/master/webnn/elementwise_binary.https.any.js
https://www.w3.org/TR/webnn/#api-mlgraphbuilder-binary
https://wpt.fyi/results/webnn/clamp.https.any.html?label=master&label=experimental
https://github.com/web-platform-tests/wpt/blob/master/webnn/elementwise_binary.https.any.js
https://www.w3.org/TR/webnn/#api-mlgraphbuilder-binary
https://wpt.fyi/results/webnn/elementwise_binary.https.any.html?label=master&label=experimental
https://github.com/web-platform-tests/wpt/blob/master/webnn/elementwise_binary.https.any.js
https://www.w3.org/TR/webnn/#api-mlgraphbuilder-binary
https://wpt.fyi/results/webnn/elementwise_binary.https.any.html?label=master&label=experimental
https://github.com/web-platform-tests/wpt/blob/master/webnn/elementwise_binary.https.any.js
https://www.w3.org/TR/webnn/#api-mlgraphbuilder-unary
https://wpt.fyi/results/webnn/elementwise_unary.https.any.html?label=master&label=experimental
https://github.com/web-platform-tests/wpt/blob/master/webnn/elementwise_unary.https.any.js
https://www.w3.org/TR/webnn/api-mlgraphbuilder-unary
https://wpt.fyi/results/webnn/elementwise_unary.https.any.html?label=master&label=experimental
https://github.com/web-platform-tests/wpt/blob/master/webnn/elementwise_unary.https.any.js
https://www.w3.org/TR/webnn/#api-mlgraphbuilder-unary
https://wpt.fyi/results/webnn/elementwise_unary.https.any.html?label=master&label=experimental
https://github.com/web-platform-tests/wpt/blob/master/webnn/elementwise_unary.https.any.js
https://www.w3.org/TR/webnn/#api-mlgraphbuilder-unary
https://wpt.fyi/results/webnn/elementwise_unary.https.any.html?label=master&label=experimental
https://github.com/web-platform-tests/wpt/blob/master/webnn/elementwise_unary.https.any.js
https://www.w3.org/TR/webnn/#api-mlgraphbuilder-elu
https://wpt.fyi/results/webnn/elu.https.any.html?label=master&label=experimental
https://github.com/web-platform-tests/wpt/blob/master/webnn/elu.https.any.js
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XNNPack/CPU backend External Delegate Execution Provider
W3C e Q
Web Platform Tests 1F TensorFlow ONNX
WebNN Spec | \ . i RUNTIME
L] .“ Lite for TensorFlow.js
hardSwish ¥ /2 ¥ hardswish ¥ HardSwish # HardSwish
leakyRelu ¥ /2 ¥ leaky_relu ¥ LeakyRelu M LeakyRelu
pad ¥ /2 ¥ static_constant_pad ¥ Pad @ Pad
_ ¥ AveragePool2d ¥ GlobalAveragePool
averagePool2d Po°ling ™ /2 ¥ average_pooling_2d
M Mean ¥ AveragePool
_ ¥ GlobalMaxPool
maxPool2d Pecling N /2 ¥ max_pooling_2d ¥ MaxPool2d
¥ MaxPool
prelu ¥ /2 ¥ prelu M Prelu @ Prelu
relu ¥ /2 ¥ clamp M Relu AE
resample2d L 4 4 ¥ static_resize_bilinear_2d ¥ ResizeBilinear ¥ Resize
reshape ¥ /2 M static_reshape ¥ Reshape ¥ Reshape
sigmoid ¥ /2 ¥ sigmoid ¥ Logistic ¥ Sigmoid
¥ even_split2
¥ /7 ¥ even_split3
split ¥ Split M Split
¥ even_split4
M static_slice (uneven split)
M Slice
slice ¥ /2 ¥ static_slice ¥ Slice
¥ StridedSlice
softmax ¥ /2 ¥ softmax M Softmax M Softmax
transpose ¥ /2 ¥ static_transpose ¥ Transpose ¥ Transpose
30 29 35 34 32


https://www.w3.org/TR/webnn/
https://www.w3.org/TR/webnn/#api-mlgraphbuilder-hard-swish
https://wpt.fyi/results/webnn/hard_swish.https.any.html?label=master&label=experimental
https://github.com/web-platform-tests/wpt/blob/master/webnn/hard_swish.https.any.js
https://www.w3.org/TR/webnn/#api-mlgraphbuilder-leakyrelu
https://wpt.fyi/results/webnn/leaky_relu.https.any.html?label=master&label=experimental
https://github.com/web-platform-tests/wpt/blob/master/webnn/leaky_relu.https.any.js
https://www.w3.org/TR/webnn/#api-mlgraphbuilder-pad
https://wpt.fyi/results/webnn/pad.https.any.html?label=master&label=experimental
https://github.com/web-platform-tests/wpt/blob/master/webnn/pad.https.any.js
https://www.w3.org/TR/webnn/#api-mlgraphbuilder-pool2d
https://wpt.fyi/results/webnn/pooling.https.any.html?label=master&label=experimental
https://github.com/web-platform-tests/wpt/blob/master/webnn/pooling.https.any.js
https://www.w3.org/TR/webnn/#api-mlgraphbuilder-pool2d
https://wpt.fyi/results/webnn/pooling.https.any.html?label=master&label=experimental
https://github.com/web-platform-tests/wpt/blob/master/webnn/pooling.https.any.js
https://www.w3.org/TR/webnn/#api-mlgraphbuilder-prelu
https://wpt.fyi/results/webnn/prelu.https.any.html?label=master&label=experimental
https://github.com/web-platform-tests/wpt/blob/master/webnn/prelu.https.any.js
https://www.w3.org/TR/webnn/#api-mlgraphbuilder-relu
https://wpt.fyi/results/webnn/relu.https.any.html?label=master&label=experimental
https://github.com/web-platform-tests/wpt/blob/master/webnn/relu.https.any.js
https://www.w3.org/TR/webnn/#api-mlgraphbuilder-resample2d
https://www.w3.org/TR/webnn/#api-mlgraphbuilder-reshape
https://wpt.fyi/results/webnn/reshape.https.any.html?label=master&label=experimental
https://github.com/web-platform-tests/wpt/blob/master/webnn/reshape.https.any.js
https://www.w3.org/TR/webnn/#api-mlgraphbuilder-sigmoid
https://wpt.fyi/results/webnn/sigmoid.https.any.html?label=master&label=experimental
https://github.com/web-platform-tests/wpt/blob/master/webnn/sigmoid.https.any.js
https://www.w3.org/TR/webnn/#api-mlgraphbuilder-split
https://wpt.fyi/results/webnn/split.https.any.html?label=master&label=experimental
https://github.com/web-platform-tests/wpt/blob/master/webnn/split.https.any.js
https://www.w3.org/TR/webnn/#api-mlgraphbuilder-slice
https://wpt.fyi/results/webnn/slice.https.any.html?label=master&label=experimental
https://github.com/web-platform-tests/wpt/blob/master/webnn/slice.https.any.js
https://www.w3.org/TR/webnn/#api-mlgraphbuilder-softmax
https://wpt.fyi/results/webnn/softmax.https.any.html?label=master&label=experimental
https://github.com/web-platform-tests/wpt/blob/master/webnn/softmax.https.any.js
https://www.w3.org/TR/webnn/#api-mlgraphbuilder-transpose
https://wpt.fyi/results/webnn/transpose.https.any.html?label=master&label=experimental
https://github.com/web-platform-tests/wpt/blob/master/webnn/transpose.https.any.js
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WebNN #1 ONNX Runtime Web BYEERK

ONNX Runtime

E Application

Execution

P Status Company

Azure Public Preview Microsoft
QNN Public Preview Qualcomm

OpenVino Public preview Intel

ORT Web
Vitis Al Public preview

DirectML GPU support across IHVs Microsoft
™ Dewce ‘ Cloud

{:!'} * # B ; Azure Working with partners to deliver Microsoft, Intel
= . i
CPU GPU  NPU “

Microsoft Build 2023 Deliver Al-powered experiences across cloud and edge, with Windows


https://build.microsoft.com/en-US/sessions/0ea15726-1273-4a7c-a71a-efc635172a3b
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const context = await navigator.ml.createContext ({powerPreference: 'low-power'})

// The following code builds a graph as:

// constantl —-—+

// +-—- Add ---> intermediateOutputl ---+

// inputl -———+ \

// +--- Mul---> output
// constant2 --—+ \

// +-—- Add ---> intermediateOutput2 ---+

// input2 ———

// Use tensors 1in 4 dimensions.
const TENSOR DIMS (1, 2, 2, 21;:
const TENSOR SIZE 87

const builder = new MLGraphBuilder (context) ;

// Create MLOperandDescriptor object.
const desc = {type: 'float32', dimensions: TENSOR DIMS};

// constantl is a constant MLOperand with the value 0.5.
const constantBufferl = new Float32Array (TENSOR SIZE).fill(0.5);

const constantl = builder.constant (desc, constantBufferl);

// inputl is one of the input MLOperands. Its value will be set before executior

const inputl = builder.input ('inputl', desc):;

// constant2 is another constant MLOperand with the value 0.5.
const constantBuffer2 = new Float32Array (TENSOR SIZE).fill(0.5);

const constant2 = builder.constant (desc, constantBuffer?);

// 1nput2 is another input MLOperand. Its value will be set before execution.

const input2 = builder.input('input2', desc);

// intermediateOutputl is the output of the first Add operation.

const intermediateOutputl = builder.add(constantl, inputl);

// intermediateOutput2 is the output of the second Add operation.

const intermediateOutput?2 = builder.add(constant2, input2);

// output is the output MLOperand of the Mul operation.

const output = builder.mul (intermediateOutputl, intermediateOutput2) ;

// Compile the constructed graph.
const graph = await builder.build ({'output': output});

// Setup the input buffers with value 1.

const inputBufferl = new Float32Array (TENSOR SIZE) .£fill (1) ;
new Float32Array (TENSOR SIZE) .£ill(1);
new Float32Array (TENSOR SIZE) ;

const inputBuffer?2

const outputBuffer

// Execute the compiled graph with the specified inputs.
const inputs = {

"inputl': inputBufferl,

'input2': inputBuffer?2,
bi

const outputs

{'output': outputBuffer};

const results = await context.compute (graph, inputs, outputs):;

console.log('Output value: ' + results.outputs.output);
// Output value: 2.25,2.25,2.25,2.25,2.25,2.25,2.25,2.25
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import { InferenceSession } from "onnxruntime-web";

//

// Initialize the ONNX model

const initModel = async () => {
ort.env.wasm.numThreads = 1; // 4
ort.env.wasm.simd = true;

ort.env.wasm.proxy = true;

const options: InferenceSession.SessionOptions = {
// provider name: wasm, webnn
// deviceType: cpu, gpu
// powerPreference: default, high-performance
executionProviders:
[{ name: "wasm"}], // WebAssembly CPU

}i

//
}i
const results = await model.run (feeds) ;
const output = results[model.outputNames[0]];

WebAssembly f&5

import { InferenceSession } from "onnxruntime-web";

//

// Initialize the ONNX model

const initModel = async () => {
env.wasm.numThreads = 1; // 4
env.wasm.simd = true;
env.wasm.proxy = true;
const options: InferenceSession.SessionOptions = {

// provider name: wasm, webnn
// deviceType: cpu, gpu
// powerPreference: default, high-performance

executionProviders:

[{ name: "webnn", deviceType: "gpu", powerPreference:
}i
//
bi
const results = await model.run (feeds) ;
const output = results[model.outputNames[0]];

WebNN [Si
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