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Introduction

1. Baidu - the leading Chinese language Internet search provider

2. Baidu APP - search and feed twin-engine powered mobile App, more than 180
million daily active users

3. Baidu Smart Mini Program - to take advantage of an emerging trend in China
where apps with lower frequency are connecting to super apps to bypass the ever-
rising cost of app pre-installs
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Goals, Definitions and Challenges for Baidu Smart Game

Goals

1. Increase consumable resource type for Baidu App,
set up game scenario to improve increase in DAU ,
user time , stickiness

2. Set up mini game ecosystem, explore distribution
and monetization patterns

1.

Smart game is runnable in a browser-like
environment built-up by super app, which is
instant play without installation

A super container for forms like web game, smart
mini game and cloud game

Include light, medium and serious game types

- Technical challenges for Smart Game

— Foundation layer
« Runtime architecture and implementation

— Experience layer
- Core user experience-high performance, low latency,
high-availability

— Ecosystem layer
- Easy-to-develop, scalable game importing and rich
distributable game types

Foundation
layer

Experience
Layer

Ecosystem
Layer




Smart Game runtime design

Smart Game

Third Party Game Engine ( Cocos, Egret , Theree.js )
Graphics UI

Animation Physics Network

Adapter

Image LocalStorage WebSocket

------------------------ JavaScript ====mmmme e e

Game Runtime

Smart Game JS Framework
JS VM : V8, ISCore

JavaScript Binding

------- C++/0C ====== —===m=mmeme== Java/OC-============--

OpenGL

Rendering Engine

Native platform capability

multimedia

App Version Control Multi APP Management

Sandbox

Running mechnism

Download Cold start
Warm start

relaunch

Install Cache
Update IPC

Runtime Kernel :

Construct a pure JS execution and
native rendering environment with
canvas 2D and 3D implementation.

Provide an app model abstract for
web game, like a web app package,
lifecycle, version control, multi-app
management.

Provide rich native APIs in Baidu
APP by JS binding framework.
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JSB binding Framework- general and efficient JS-Native operation

SwanNative JavaObject1 JavaObject ...
Design principal:
- efficient
——————————————————————————— « general

WebGLImage
Canvas

Key elements:

« object model

« Life cycle

« Memory management

JavaBoundObject V8BoundObject

ObjectTemplate FunctionTemplate

JS.SwanNative

JavaObject1 JavaObject ...
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JSB binding framework- 10-200x improvement compared with JS bridge scheme

Loop 1000 for a simple function

function testTimeFunc() {
var x = 0;
X =X + + X %k 0,

}

swanNative.console.time();

(var i =0 ; i < soitt) { 1.75 0.65 ms 0.197ms 2.15ms

testTimeFunc(); ms
}

local data passing 1MB

function request(){
swan. request ({

swanNative.console.timeEnd(); android 1ms 0.82ms 0.05ms NA
url: 'http://xxxxxxxx',
method: 'GET',

responseType: 'text’, ..---

dataType: ‘json’, iO 11.5ms 3.5ms 795ms 1172ms
success: res => {

}
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Efficient JS execution engine
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Lightweight Native Rendering Engine

javascript binding

Render Res Manager
Fonts
Image HW Driver
Decoder

1
i Design key elements:

i . A lightweight standard implementation
: of HTML5 canvas 2D and 3D features
|
i
1
i
1

in webGL 1.0/openGL 2.0
* Fonts render with FreeType/CoreText
« Image decoder

Key problems:
 Context Switch
« Minimize context switch frequency and must-to-

Font Res update switching states by diff
 texSubImage(canvas,...)

« Optimize CPU data copy with CopyTexImage2D
AUCIONRES - Font Render

« Arrange memory areas based on font size

Bai'&'ﬁE



Threading model design in native rendering environment

DeS|gn key points:
main thread for ]S
execution and rendering

engine.
Parallel image decoder,
Event image I0, audio IO from
AnimationFrame Timer render thread.

Run|oop Render
API Callback

network fileSystem Image 10/ Audio IO worker
decode
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Key modules for Smart Game —file system, audio and network

 Audio
« Optimize cache implementation
- JSBinding
File system
« Optimize file I0
« JSBinding
Network
multi-threaded download
Background download

sprint stage audio optimization
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Benchmark for Smart Game Runtime
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Benchmark - Dashboard
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Smart Game Benchmark

Benchmark

Score: -

ios(iOS 12.2)
iPhone(iPhone 8 <iPhone10,1>)
11.7.01

HRME
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Baidu APP scan code
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Developer Support for Productivity

60,000 smart program developers
150,000 smart programs created
20,000 smart programs online
100 million DAU

develop » »
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Scalable large-scale game import with main stream game engines

« Cocos :http://docs.cocos.com/creator/manual/zh/publish/p
ublish-baidugame.html

- Egret: http://developer.egret.com/cn/github/egret-
docs/Engine2D/minigamebaidu/getStart/index.html

 Laya

« Unity
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LayaBox%EF%BC%9Ahttps:/ldc.layabox.com/doc/?nav=zh-as-5-0-1
http://developer.egret.com/cn/github/egret-docs/Engine2D/minigamebaidu/getStart/index.html

Super container for Cloud Game, Smart Game and Native Game

Veloce: Instant APP invocation

Cloud game: based on video
stream or gl commands stream

Native
Game

WASM:Web-Assembly version

Smart Game : based on pure ]S

execution environment and

native rendering B -';‘SO E
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Al Framework for Baidu Smart Game




Challenges for Al enabled Smart Program and Game

« Rich and easy-to-use Al capabilities

« Same user experience as native app

 Flexible and general programmable abstraction
« Customized Al capabilities and application

« Framework for vertical industry and user scene
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Al framework for Baidu Smart Program and Game

Al enabled Smart User Interaction Smart Recommendation
H. M|/ == =N ‘|:|I:I TAN = +4 ‘rl_u: B/\ ‘E\Ejjj:}-\_ﬁ
IEaiEh | EEER | RERE § ARG § BaeiEE | ARTEYVL § AKRAR J tSESD Paddle.js

= Mo BAES TR EE 1EaREISC
Ability
Framework, component, 1BEIR5] XFiRF AR ShRIRfRL :é&m“%u Wit R R
API EEE ElES=y74 NAREZ AR AL o TRAR

INRR/ N Runtime
PaddlePaddle Paddle-Mobile

Foundation BEAIFRES B EAPPix
Data, Algo, computing IR, 5 85 IR TR, . B
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Architecture for Smart Game AR and Face

Game engine (Laya3D Three.js Cocos)
Camera Scene Graph Light Skeleton Point Cloud Mesh

TCamera matrix TAnchor matrix TAmbient Intensity TJoint matrix TPoints Data FaoeTMesh Data
swan.requestXRSession({ mode })

mode: du_face

DuXRSessionFaceMode

AEHLEGE

i Algo
i ARKit ARCore ,
video
Smart (i0S) (Android) Tracking,
Algorithm Detection,Skeleton
frrz]rrfeevrv'gfk GPU-GPUI textures copy! | Tramework

Inference Engine
(Paddle Mobile)

OpenCV Boost libyuv

I
I

I

: Game
I

I

I

| WebGL API
I

JS logic

Game
Runtime

Algo
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Design & Implementation rules for AR and Face

 JS Framework : compatible with WebXR , ARCore , ARKit API

definitions, abstract developer-friendly ]S object like Session ,
Frame, Video

« Game runtime : Communicate efficiently between ]S and algorithm
using JSB binding framework. Render the camera texture and
canvas texture in the same hybrid rendering layer.

« Algorithm: Utilize AR ability of the system ARKit and ARCore and
Baidu DuMix AR platform and Face Algo as a supplement
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AR API

1. init Session : swan.requestXRSession({ mode: ‘ar’ })

2. getFrameData : xrSession.getFrame()
+ getViewMatrix(), getProjectionMatrix()

R ARCore
+ getTrackablePlanes()
* hitTest(x, y)

» createAnchor(poseMatrix)

» getLightEstimate()

3. close Session : xrSession.end()
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Face API

1.

2. getFrameData : xrSession.getFrame()

3.

Init Session : swan.requestXRSession({ mode: ‘du_face’ })
mode: ‘du_face’ ¥R AR AR R , FREHFEZIIEXNLIFESHI AR IFE (A

hEEE  YRNELRR , BIRIEER )

+ getCameraVideo()
B4 Video X35 , AJLIERAT THREE. js F35Z(FNSGEEE
» getUpdatedTrackableFaces()

=TSN

» face.poseMatrix

ABEZSH] 4x4 THRFERG

e face.landmarks

ABAFHERIF—IERT (x, y) AR

« face.skeleton

A B BT AT AR R

» face.blendShapes

=IERH
close Session : xrSession.end()
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cc.Class({
onLoad() {
swan.requestXRSession({
mode: 'du_face',
drawCameraBackground: false,
success: xrSession => {
this._cameraVideo = xrSession.getCameraVideo( );
}
I
|

update() A{
this.cameraTexture.update({
image: this._cameraVideo
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const frame = this._xrSession.getFrame();
const face = frame.getUpdatedTrackableFaces()[0];
if (face) {

const videoBlendShapes = face.blendShapes;

const a = videoBlendShapes.map(bs => bs.weight);
const b refBlendShapes.map(bs => bs.weight);

this.totalScore.string = (similarity(a, b) * 100).toFixed(0);
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const frame = xrSession.getFrame(); tawRight
const face = frame.getUpdatedTrackableFaces()[0]; mouth
if (face) { mouthFi
const skeleton = face.skeleton; mouthL 8
updateMeshSkeletons(skeleton);

mouthPil
mouthP
mouthR
mouthS

mouthSmileRight: 0.0072
mouthUp: 0.3676
mouthUpperUplLeift: 0.2017
mouthUpperUpRight: 0.3175
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Face Game Demo
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AR Demo
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WebML & Paddle.js-customize your own Al application

1. loadModel(url | id) => Model

JavaScript 2. Model.predict(Tensor) => Tensor

WebML Paddle.js
Paddle WebGPU/ WebNN

Native Browser

3. createTensorFromImage(Image) => Tensor
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Future Work

1. Smart Game is a very promising web tech powered by native experience

2. Provide more building blocks, more Al enabling features, more prosperous
game society
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