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Executive Summary

+ Three Al hardware engines of Al PC: CPU, GPU and NPU
- WebNN brings a unified abstraction of neural networks to the web
+ Accesses Al hardware acceleration through native OS ML API

- Delivers near-native performance and the next gen use cases

- Status:

- Spec:
- CNN/RNN - CR published Q2’23
- Transformers/GenAl — CR refresh published Q2’24
- Implementation:
- DirectML GPU on Win: Announcing developer preview
- DirectML NPU on Win: Coming soon

- CoreML on MacOS: WIP
- TFLite on Android/ChromeQS: WIP



Age of the Al PC

Three Al Engines

Heterogenous execution of Al GPU “ NPU
workloads embraces the best oo

practices in Al software design. High Throughput Ideal for sustained Al Fast Response

Ideal for Al-accelerated workloads and Al offload .. ldeal for
digital content creation for battery life S5 low-latency Al workloads



Announcing Developer
Preview

Web Neural Network API
W3C Candidate Recommendation Draft, 23 May 2024
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https://www.w3.0rg/TR/2024/CRD-webnn-20240523/
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Hardware-Accelerated Web Al Overview
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WebNN Programming Model

device type: cpu/gpu/npu

MiLContext power preference: high-perf/low-power
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WebNN brings a unified abstraction of neural networks to Web




Hello Tensors

st context await navigator.ml.createContext({deviceType: 'gpu’'});
st builder 1ew MLGraphBuilder(context);

builder.input('a', {dataType: 'float32', dimensions:
builder.input('b', {dataType: 'float32', dimensions:
builder.matmul(a, b);

st graph = await builder.build({c});

st bufferA 1ew Float32Array(3*4).fill(1.9);

st bufferB ew Float32Array(4*3).fill(0.8);
st buffercC 1ew Float32Array(3*3);
L results await context.compute(graph, { : bufferA, 'b': bufferB}, {'c': bufferC});

console.log( values: ${results.outputs.c} );

Browser-native tensor operations targeting CPU, GPU and NPU




WebNN Browser Implementation
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WebNN JS ML Frameworks Integration
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€ ONNX 1.18 release
TensorFlow Prototype
Lite Available

Mainstream ML frameworks are integrating WebNN




ONNX Runtime Web Code Samples with WebNN

CXOX ) o000
import { InferenceSession } from "onnxruntime-web"; import { InferenceSession } from "onnxruntime-web";
// Initialize the ONNX model // Initialize the ONNX model
const initModel = async () => { const initModel = async () => {
env.wasm.numThreads = 1; // 4 env.wasm.numThreads = 1; // 4
env.wasm.simd = true; env.wasm.simd = true;
env.wasm.proxy = true; env.wasm.proxy = true;
const options: InferenceSession.SessionOptions = { const options: InferenceSession.SessionOptions = {
// provider name: wasm, webnn // provider name: wasm, webnn
// deviceType: cpu, gpu, npu // deviceType: cpu, gpu, npu
// powerPreference: default, high-performance // powerPreference: default, high-performance
executionProviders: executionProviders:
| [{ name: "wasm"}], // WebAssembly CPU | | [{ name: "webnn", deviceType: "gpu", powerPreference: 'default' }]|]
} }
Y ooc Y ooc
I8 I
WebAssembly backend WebNN backend

Switching to WebNN can be done by modifying a single line of code



“Near-Native” Performance of WebNN on CPU

MediaPipe Models Inference Performance (Normalized / Higher is Better)
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* Browser: Chrome Canary 118.0.5543.0 Wasm SIMD mmm \WebNN XNN Pack mmm Native XNNPack ~ ——WebNN vs Native

* DUT: Dell/Linux/i7-1260P, single p-core
* Workloads: MediaPipe solution models (FP32, batch=1)

The average performance of listed 15 models on WebNN on CPU is about 93% of native XNNPack


https://developers.google.com/mediapipe/solutions/guide

“Near-Native” Performance of WebNN on GPU

WebNN DirectML vs. Native DirectML
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The average performance of listed 26 models on WebNN DirectML is about 83% of native DML on MTL iGPU
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“Near-Native” Performance of WebNN on NPU

WebNN DirectML vs Native on MTL NPU
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0 WebNN Image Clasifcation . X+ - o x

Image Classification samples ~

I oo e
Model [ ResNet 50 VI | efficientiet |
IMAGE LIVE CAMERA

Load time: 5180 ms | Build time: 2521.60 ms |
Median inference time:  2.40 ms

# Llabel Probability

1 lesser panda, red panda, panda, bear cat, cat 99.29%
bear, Ailurus fulgens

2 polecat, fitch, foulmart, foumart, Mustela putorius ~ 0.33%

3 weasel 0.13%
Pick Image

©2024 WebNN API - Installation Guides - Implementation Status

The average performance of listed 4 models on WebNN DirectML is about 80% of native DML on MTL NPU
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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 DirectML.
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https://microsoft.github.io/webnn-developer-preview/
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VB RUNTIME o neural network WebNN Execution Provider of ONNX Runtime Web with GPU acceleration from DirectML.
Running on Intel® Core™ Ultra 7 processor 155H with integrated Arc™ GPU.

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 DirectML.
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https://microsoft.github.io/webnn-developer-preview/
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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 DirectML.
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WebNN Samples X -+

) https://webmachinelearning.github.io/webnn-samples/

Cherry

Object Detection

Detecting instances of semantic objects of a certain
class in digital images and videos.

Face Recognition

Detecting faces of participants using object detection
and checking whether each face was present or not.

VanillaJS (plain JavaScript) use of WebNN API, with NPU acceleration from DirectML.
Running on Intel® Core™ Ultra 7 processor 155H with integrated Intel® Al Boost NPU.

Semantic Segmentation

Paftitioning image into semantically meaningful parts
toclassify each part into pre-determined class.

Facial Landmark Détection

Detecting facial landmarks like eyes, nose, mouth, etc.,
which can be used for web=based try-on simulator of
online store.
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Call to Action

- Try WebNN on Microsoft Edge Dev channel and Google Chrome Dev channel
- Navigate to about://flags in the URL bar and turn on “Enables WebNN API”

WebNN Developer Preview WebNN Samples
https://aka.ms/webnn https://webmachinelearning.github.io/webnn-samples/

- Join Intel, Microsoft, Google, Hugging Face, and other industry leaders and
shape WebNN definition and development


https://aka.ms/webnn
https://webmachinelearning.github.io/webnn-samples/
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