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ICocos: A Cross Platform Open Source Engine (co

COCOS

Framework Editor workflow

COCOS CREATOR
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IHow Open Source Helped Us © fee

Cocos2d-x is a suite of open-source,
£ COCOS
cross-platform, game-development
tools used by millions of developers all
over the world.

® Cocos2d-x R
® 16.7K stars / 7.1K forks / 624 contributors = = e

cocos2d-x linx

® Cocos Creator engine N

Y% 16.7k stars

® 34K stars / 1.3K forks / 135 contributors o e

% 7.k forks
About b

Cocos Engine is an open-source

framework for building 2D & 3D real-
& S time rendering and interactive contents,
@ E I_ E C T R O N re e ) } p e especially video games, which can be
deployed to mobile, desktop and web. It
by NVI D IA is inherited from the legacy Cocos2d-x
with a redesigned modern architecture.

™ To run this engine, please download
Cocos Creator.

@ www.cocos.com/en/creator
open-source gamedev metal

©
.
Cew
. .
. o os ““ game-engine engine vulkan
4"" e

game-development cocos2d

c + + LI B R A RI E S cocoscreator  cocos

oneAPI © s

¥ 3.4k stars

® 125 watching
% 1.3k forks
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IHow Open Source Helped Our Developers

® Better understanding of the engine, for
debugging or learning

® Easy extending the engine with needed
features

® The engineisn’ t perfect, but users
feel they are in control

® Knowing the roadmap and direction,
participating in It

® Building trust with total transparency

Web Package

TS Game Logic ~ Game Assets
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| Overall Engine Architecture &

COCOS

Engine API set via components

Rendering Ability Logic & behavior | Assets management

Material System Renderer Main Loop Node Component Asset System

m m

#GDC23 G DC
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| Focusing on the Renderer

RenderScene

RenderGraph

GFX Backend Wrapper (Design close to Vulkan)

Web iOS & Mac Android, HarmonyOS, Windows

gfx-webgl || gfx-webgpu gfx-metal gfx-gles3 gfx-vk

WebGL 1&2 OpenGL ES 3.0 Vulkan

. Renderer Driver and GPU

#GDC23 G DC
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COCOS

02.

The Open Source Sample Project for
Render Graph
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|Open Source Sample Project for Render Graph &

COCOS
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|Cyberpunk Demo published in Cocos Store (es

@ cocos STORE

COCOS CYBERPUNK

21 B
vi4

Android | I0S | HTMLS
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IRender Graph Editing

® ® @ scene.scene* - cocos-example-cyberpunk
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Hierarchy E Scene

o @ o
v O scene
>

v rendering
height-fog
DirectionalLight_1

> probes
[*]

> delay-active

Q.
@types
components
graph
@types
nodes
utils
graph
graph-data
litegragh-css
litegraph
pipeline-graph
start
lib
passes
resources Assets Preview
settings
utils
camera-setting
disable-probe-update-runtime
load-default-pipeline

pipeline-manager
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v BloomSetting

Script
Enable
Threshold
Iterations
Intensity

Blur Radius

v TAASetting

Script

Enable

Sample Scale
Feedback

Shaow History Texture
Clamp History Texture
Force Render

Dirty

v custom.PiepelineGraph+

Script

Edit

Add Component

blit-screen.mtl
deferred-lighting.mtl
final-post.mtl
bloom.mtl

deferred-taa.mtl

fsr.mtl

zoom-screen.mtl

fxaa.mtl

& Version 3.7.2




COCOS

03.
Design Context of Render Graph
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|Frame Graph

« Build high-level knowledge of the entire
frame

« Simplify resource management

« Simplify render pipeline configurations

« Simplify async compute and resource
barriers

« Allow self-contained and efficient
rendering modules

 Visualize and debug complex rendering
pipelines

March 20-24, 2023 | San Francisco, CA #GDC23

clo/@

FrameGraph:
Extensible Rendering
Architecture in Frostbite

@ Unity Scripting API Changelog License _ docs.unity3d.com

] Core RP Library 16.0.0 v Language: Engl

M4 Manual / Render Graph

SRP Core

The render graph system

The render graph system sits on top of Unity's Scriptable Render Pipeline (SRP). It
+ Camera components allows you to author a custom SRP in a maintainable and modular way. Unity's High
Definition Render Pipeline (HDRP) uses the render graph system.

+ What's new

- Render Graph

Render Dependency Graph

An immediate-mode API which records render
commands into a graph data structure to be
compiled and executed.




|Frame Graph vs Render Graph

Frame Graph Render Graph (Data-oriented)

« Build high-level knowledge of the entire « Build high-level knowledge of the entire
frame frame and scene

« Simplify resource management « Full description of a rendering task

« Simplify render pipeline configurations « Simplify configurations with declarative
- Simplify async compute and resource programming
barriers - Decouple pipeline setup and execution
- Allow self-contained and efficient - Better testability
rendering modules « Allow graph transformation and
* Visualize and debug complex rendering modification
pipelines
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|Frame Graph vs Render Graph

Frame Graph Render Graph (Data-oriented)

« User write features as callbacks « User provides description

Inversion of control

Setup Code User C++ Callback Setup Code — 3 Render Graph Data

Frame Graph Graph Execution

4 4

Render Hardware
Interface

Render Hardware
Interface

#GDC23 G Dc
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|Graph data is layered
« Base Graph: Command Graph

Lighting Pass

Post-processing

Tone-
Mapping

Transparent
Queue

Dispatch

3D Scene
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|Graph data is layered
 Overlay Graph: Dependency Graph

‘ Radiance Texture ‘ Post-processing

Transparent Tone-

Queue Render Graph Mapping

= Command Graph
+ Dependency Graph

Lighting Pass

Dispatch

3D Scene
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IRender Graph Example

Depth
Texture

Depth Shadow
Pre-pass Pass

Opaque Cutout Opaque Cutout
Queue Queue Queue Queue

Objects Grass Objects Grass
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Geometr
y Pass

Opaque
Queue

Objects
& Grass

Albedo
Texture

Texture

Shadow
Texture

COCOS

Lighting
Pass

A 4

Fullscreen
Quad
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|Sample code: Graph setup

forwardPz ; ame,

COCOS

.RENDER_T

ET, camera.clearFlag, cameraRen
earColor.y, camera.clearColo
forward

ORE,
getClearFlags(Attac ype.DEPTH _STENCIL, camera.clearFlag, cameraDepthStencillo

"(camera.clearDepth, camera.clearStencil, &, 8)));

eHint.RENDER_
ra(camera,
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|Graph data is inspectable

« Compiler/Analyzer is easy to write
« Reflection is not needed

Deduced Direct Queue Sync: Render Target Sync: Compute Direct Queue

execution Access: Render Target Access: Shader Resource Wait for

lan L
P Layout: Render Target Layout: Shader Resource Lighting Pass

Sub-resource: 0

#GDC23 G DC
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|Graph data is mutable

« Engine can modify render graph
« User code is the same
« Execution code is the same

lighting Pass I 3 W Post-processing
Texture
New pass
inserted ’
Copy Pass ‘ Debug Texture
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| Descriptor Layout Optimization &

COCOS
« Simplify shader management
« Render Graph need descriptor layout

« Hand-written layout is error prone A [layouo

Set 0 Texture2D Lightmap

_ e Render Pass Texture2D LUT e Render Pass

Set 0 Texture2D Lightmap * Shader A Setl e Bind Set 0
Set 1 e Bind SetO Set 2 Texture2D Main e Shader A
; Texture2D [Empty] .
Set 2 Texture2D Main * Bind Set 2 cet3 e Bind Set 2
* Draw € * Draw

Set 3

* Shader 8 DN ¢ Shader®
T  BINdSet0 sup | Toambiighims - Bind set 2

Set 0 Texture2D LUT e Bind Set 2 Texture2D LUT e Draw
Set 1 e Draw Set1
Set 2 Texture2D BaseColor Set 2 Texture2D BaseColor

Texture2D Normal Texture2D Normal

Set 3 Merge layout Set 3 Fewer state changes

#GDC23 G Dc
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| Descriptor Layout Graph

2. Merge Descriptors

Tex O0: Lightmap Tex 1: LUT

e N

1. Collect Descriptors

Scene Shader Character Shader

3. Overwrite 3. Overwrite

TexO nghtmap Tex 1: LUT

#GDC23 G Dc
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COCOS

04.
Core Design Explained
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| Example: data structure optimization

* Array of Structure « Structure of Array
CONNN CNNNN NN N T
Out Edges Out Edges
In Edges In Edges
Type Type
N
Name

* Profile and decide implementation
| ___
« Should use same access interface

- get(property, g, v) Data
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| Generic Graph Interface

« Based on boost.graph

« Decouple graph data structure and graph
algorithms

_ : Graph

. Zero-overhead abstraction STL Containers Data Structures
« Many existing graph algorithms :

« Reduce development cost Vertex Tterator

. . lterator i Adjacency lterator
« There are a lot of graphs in game engine! Functor Viditor ,
isitor, Property Accessor
« Render Graph, Scene Graph, Shader Graph,

Behavior Tree, Pathfinding, etc. :
« All benefit from a generic graph interface STL Algorithms Graph Algorithrms

(a) (b}

March 20-24, 2023 | San Francisco, CA
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| Generic graph interface

» Generic algorithms built on graph concepts

Bidirectional Graph Addressable Graph

Depth First Search Getter Get Parent
Topological Sort Setter Get Child
Graph Coloring Property Map Lookup Path
° Reduce implementation COSt BidirectionalGraph IncfdenceGraph\\
' Graph
+ O(M x N) -> O(M + N), where ARG o

—

. VertexAndEdgel istGraph ertexListGraph
- M is number of graph types \ /

' ' EdgeListGraph
« N is number of algorithms geLisiGrap

AdjacencyMatlrix
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liImplementation details

- Code generator
« Written in C++
« Register types with DSL

« Generate graph implementations
« C++ and Typescript

- PROS

« Support more features than generic
implementation

« No template meta-programming is required
« Generated code is easier to read

« CONS
« Introduced another layer of tool
A lot of type registration

March 20-24, 2023 | San Francisco, CA #GDC23

PMR_GRAPH(RenderGraph, _
NAMED_GRAPH(Name_) ;
REFERENCE_GRAPH();

COMPONENT_GRAPH(

_, .mFlags = NO_COPY) {

(Name_, ccstd: :pmr: :string, mNames)
(Layout_, cecstd::pmr::string, mLayoutNodes)
(Data_, RenderData, mData)
(valid_, bool, mValid)

);

POLYMORPHIC_GRAPH(
(RasterPass_, RasterPass,
(RasterSubpass_, RasterSubpass,
(ComputeSubpass_, ComputeSubpass,
(Compute_, ComputePass,
(Copy_, CopyPass,
(Move_, MovePass,
(Raytrace_, RaytracePass,
(Queue_, RenderQueue,
(Scene_, SceneData,
(Blit_, Blit,
(Dispatch_, Dispatch,
(Clear_, ccstd: :pmr: :vector<ClearView=>,
(Viewport_, gfx::Viewport,

COCOS

mRasterPasses)
mRasterSubpasses)
mComputeSubpasses)
mComputePasses)
mCopyPasses)
mMovePasses)
mRaytracePasses)
mRenderQueues)
mScenes)

mBlits)
mDispatches)
mClearViews)
mViewports)
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|Graph concepts references

« Supports C++ and Typescript
« Common concepts

COCOS

nullvertex ()

edge (

« Graph
« Incidence Graph
- Bidirectional Graph
- Adjacency Graph
« Vertex List Graph .

Edge List Graph

edges ():
numtEdges
source (
target (e: «

addvertex (,..:
clearVertex (

addedge (

p?: U
removeEdges (
removekdge (
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export

|Graph concepts reference | &

reference (u

« Component Graph

« Named Graph ,
 Tree ElﬁiIEEEE‘iQﬁZ.j
+  Family Tree
« Requires Named Graph &
« Requires Tree deRpr
« Addressable Graph removeneforences (at -
« Requires Family Tree
 Polymorphic Graph

UUID Graph

export Addressa
addressable (absPa
locate (absPath: str
locateRelative (
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IRender Graph implementation

RenderGraph LayoutGraph
 Bidirectional  Bidirectional
« Vertex List and Edge List « Vertex List

« Component « Component
« Named « Named

« Tree - Tree

« Layered-Graph « Addressable
«  Polymorphic « Polymorphic
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COCOS

Thanks !
Questions ?

github.com/cocos/cocos-engine/
www.cocos.com/en/creator-download
store.cocos.com/app/en/detail/4543
@CocosEngine
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