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Voice from Communities

« Currently Programming Assignment 3 is still open for submission. We have received
more than 400 submissions. After our teaching assistants finished reviewing all the
submissions, we will sort the problems in them and provide answers. Meanwhile, we
are making the FAQ manual to help your studying progress.

« To address overdue submissions, we will reopen Programming Assignment
submission later. Practicing is the fastest way for studying. We hope no matter when
you enter the course, you can join the practice in Programming Assignments. Come
to practice and discuss in the community!
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Q&A about Piccolo Engine

* Q1: Why does Piccolo Engine use custom asset format instead of universal formats such as gITF
or FBX?

« DCC formats are not suitable for game engines

« Data organization needs to be optimized for runtime performance

» Many formats are not open-sourced. SDKs are required to be integrated to use them
* Q2: Why does Piccolo Engine use MoltenVK on macQOS instead of Metal API?

* MoltenVK maps Vulkan to native Metal APl on macOS

» Currently we use Vulkan for cross-platform compatibility

» Native graphic APIs will be supported in the future

* Q3: When does Programming Assignment 3: animation and physics due?

* 18 July 23:59:59
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Outline of Tool Chains
04 02 g
Foundation of Tool Chains Applications & Advanced Topic
« What is Game Engine Tool Chains « Glance of Game Production
« Complicated Tool GUI « Architecture of A World Editor
 How to Load Asset - Deserialization « Plugin Architecture
 How to Make a Robust Tools « Design Narrative Tools
« How to Make Tool Chain * Reflection and Gameplay
« What You See is What You Get « Collaborative Editing
« One More Thing - Plugin
- \. y,
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Glance of Game Production
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Adapt to Different Game Genres
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Challenges from Real Production

Digital Content Creation(DCC)Tools

World Editor

)
h‘é&i

N[ o
S came [
Game
Game Object
Object

World Editor

v

GAME

» Massive various data from DCC
and engine tools

» Artist, designer and programmer
with different mindsets

« WYSIWYG is must for high
guality production
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World Editor

- A hub for everything to build the world
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Viewport Toolbar

Levels Outliner
Details

Layers

Content Sequence

Browser Recorder
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Editor Viewport : A Special Version of Game Engine

« Main window of interaction between
designers and game world

« Powered by a full game engine in special
“editor” mode

» Provides a variety of special gadgets and

visualizers for editing

WARNING: Editor-only code must be moved out of released game!
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Everything is an Editable Object

« The editing requirements of all objects in the editor world are mostly the same, such as

moving, adjusting parameters, etc
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Different Views of Objects

« Display all of the objects within the scene

« Organize objects in different views for user conveniences

— — ol e
= Dutliner

LJ
a» & Item Label «
=15, LirecuionaliLignt

ponentialHeightFog

% SkyLight
&2 SM_SkySphere StaticMeshActor

i VolumetricCloud

27 actors (1 selected)

Tree view
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Categories and groups
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Schema-Driven Object Property Editing

- Displays all of the editable properties o s

&> SM_skySphere (Instance)

for the selected objects
« Beyond schema, we can define

some customized editing utilities for

pcatic 0.0
different types 2otatior 20"
Scale 5 400.0

Static
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Content Browser

* Provide intuitive thumbnail of all assets
« Share asset among different projects

» Evolution of asset management from static file folder to content “ocean”

B5 Content Browser X

-+ Add ¥ Import = Save All @ Bm All > Content > Sci_Fi_Port > Meshes {} Settings

b Favorites Q Q
v MyProject Q
= All

& Content
aosExport

S_construct_3_1 S_door_big_low S_door_low S_floore_1 S_wall_2 S_wall_ S_wall_5 S_wall_10_low S_wall_7_low
_low

p Collections 10 items
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Editing Utilities in World Editor
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Mouse Picking

Ray Casting

Pros:

No cache required

Can support multiple objects on selected rays

cons:

Poor query performance

Screen Space (XY) World Space (XYZ)

RTT

Pros:

« Easy to implement range queries
« Ability to complete queries quickly
Cons:

 Need to draw an extra picture

* Obstructed objects cannot be selected
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Object Transform Editing

File Edit Assets GameObject Component Jobs Window Help
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= Hierarchy i # Scene  o®Game W Asset Store
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Terrain

Landform

« Height map
Appearance

* Texture map
Vegetation

« Tree instances

» Decorator distribution

map

CursoR X | OPEN F5
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Height Brush

« Draw height map to adjust terrain mesh
» Height change needs to be natural and
smooth
» Can be easily adjusted to the desired
results

e Customized brush
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w

Instance Brush

Pros:
« Instance position is fixed

« Available to further modification

cons:

« Large amount of data
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Environment

« Sky
Light

[+ e

nalLigiiTtionallight EIffStonallight

Roads

Rivers

From up to down, environment

around us present a live world to the

player. Edit these environment

elements would also be important.



Modern Game Engine - Theory and Practice BOOMING ~ | GAMES104

Rule System in Environment Editing

There are various realistic rules when we build the environment:
* No trees on the road.

« No decorators on the road.

« Road should fit the terrain.

« Stones usually lay on road sides.

Road system would infect the data of other environment systems.
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Environment — Rule System

/

M EINMEGEES

Placement Water

Rules:

& Tree will not grow in water.

o

® Tree will not grow on roads.

Conclusion:

Tree Result

* Decoupled Environment systems.

|
® Tree will not grow beside objects. .“h q . Rule system handling data changes.
3
h'
|
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Editor Plugin Architecture
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Examples of Plug-in Module in Commercial Softwares

Engine Module -------- tEngine Module _GE;
m PluginManager ' E
( Engine Plugin [-------  Engine Plugin | &
Core (Plugin) Plugin | s+ mssm=s H é
Plugin Plugin | s+ mesmus = -
Game‘PIugin -------- + Game Plugin S
: : Game !;/lodule -------- + Game Module 'g‘)‘

QTCreator

Renderer

Chrome

Unreal
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A Cross Matrix between Systems and Objects

- o o o

Mesh

Mesh

Component Component
Particle
Component
Animtion
Component
Physical | | Physical
Component Component

Any system and object type could be plug-ins to Editors
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Combination of Multiple Plugins (1/2)

Core Logic
or Plugini Plugin2 PluginX —
Covered @ Nothing

l r

« Only execute the newly registered logic, skip
the original logic

« EX. Terrain editing overwrite

—| Pluginl [—

Distributed -
—| Plugin2 |——
« Each plugin will be executed, and if there is an e

output, the results will eventually be merged

PluginX

« EX. Most special system editing seperately
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Combination of Multiple Plugins (2/2)

Pipeline

» Input and output are connected to each other, ﬁ oy R _

generally input and output are the same data

type
« EX. Asset preprocessing, geometry for physics

Onion rings

* On the basis of the pipeline, the core logic of ﬁ b i L |
the system is in the middle, and the plug-in pays Plugin1 | [Pugin2| .. |Plugin Lcj;—'e‘
attention to the logic of entering and exiting at ’— il I | e

the same time

« EX. Road editing plugin with terrain plugin
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One More Thing — Version Control

A certain version relationship is required between the plug-in and the host application to ensure
that they can work together normally.
» Plug-in use the same version number with the host application
* Plug-in use the version number of the plug-in interface
* This is more recommended because the update frequency of the plug-in interface and the

software may be different
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Design Narrative Tools
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Storytelling in Game Engine

Control many parameters variance in the timeline

Time point

Play sound
Play effect
Tim
Flay animation
Ajust light
1 S 8
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Seguencer

Track: In order to reference actors in your sequence. Any character, prop, camera, effect, or other
actors can be referenced and manipulated in Sequencer

Property Track: Property of reference actors in track

Timeline: A line describing time in discrete frames

Key Frame: The key fames can manipulate properties. Upon reaching a key frame in the timeline,
the track's properties are updated to reflect the values you have defined at that point

Sequence: Sequencer's data

animation_test*

=Track

=Property Track

=Timeline

=Key Frame

[didodi 4 P DPorId | —

=Sequence
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Sequencer —Bind Objects to Track

How to let the sequencer control
my “chick”
« Bind the “chick” to Track

Cinematics

urrent  Sour Blueprints

Recently Placed
Basic

Lights.
Cinematic

Visual Effects

Cylinder

SK_chick

Game/Ani

» Animal_pack_ultra_2 » Meshes b b o .
0000

B Add/import~| [ Save All € 3 | % Content

: B e
4 ¥ Favorites
port/chick sig FBX

c_wolfhound

8 Longhorn_cattl
. Longhorn_ca
-

World Outliner

h.
Label -
5 4%gA Uniitled (Editor)
"% Atmospher

8 actors (1 selected) © View Options v

" W

S AdaComponent - 2 Blueprint/Add Script

Search Compor

{6k Floor(Instance)

4 Transform

Location v

4 Static Mesh

% sM Temolate Mao Fioor -
=ar=

% NewlLevelSequence '
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»

Sequencer — Bind Object Property to Property Track

How to control the moving

position of the “chick”

Basic

« Bind position property to el

Volumes

property track

(=13

|
|
U 5 yS =

Save All € 5 | % Content » ®~ [ . v - - - 0 - % NewlLevelSequence* 'k

| |
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Sequencer — Set Key Frame

Uit

Edit  Window

How to make an “chick” reach LI = i .

= World Outliner

Untitled (Editor)
*+* Atmospheric Fog
L o g 1O Floor
f d t n Recently Placed
a Speciried posito -
-
Lights Empty Charact - 5
L)

Cinematic

Empty P
4 e

Visual Effects
Geometry Point Light

© View Options v
Volumes

All Classes

=3

= C ent Browser
I Add/import ~ €| content » ® 5 Q @Bl N-O b OO -0 -
g (B veies - T oo i |

4 i SK_chick + |

% NewLevelSequencer

4 % Favorites
> Animation +* fiekru

b Transform o R

= Mud_pig
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Seguencer — Set Key Frames

A,B,C,D are key frames.
How “chick” go from A to
BtoCtoD
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Sequencer — Interpolate Properties along Key Frames

Similar to animation, set key frames

[ % Seguencer
- EJ; q a ﬁ N~ O b~ O' @ s~ ﬂ v 30fpsv
HAET) ¥ Fiters - .
4 § SK_chick + |
1 SkeletalMeshComponentd +
& Animation chick_run_anim
4 Transform |

4 | peation
X

v
4 Rotation
Roll
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Reflection and Gameplay
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Reflection is Foundation of Sequencer

Any data in game engine can be bind into track based on reflection system

“chick” transform Sequencer property track

-~ E*l. q a ﬁ %' O~ p~ ov @ L~ ﬂ ~ 30fps+v ™o
T ¥ Fives - (T e

4 4 SK_chick |

+ Add Component ~

T SkeletalMeshComponentd
I _Animation ghick run_anim

4 Transform
by 193657013 . [\ -101.405304 . d 200 N 3
P .
by 00" O 4 00° O 00° N LDFEHD”
by 1.0 “ M 10 o 10 -~ I -

4 Rotation
Roll
Pitch

Yaw
4 Scale
X

v
Fd




Complexity of Game Play
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Hard Code Method for More Feature (1/2)

void CallFunction(Object* instance, string type _name, string func_name)

{
class Human: public Object{ if(type_name == "Human"){
void Jump(){ Human* human = (Human*)instance;
// do something ... if(func_name == "Jump"){
} human->Jump();
} ¥
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Hard Code Method for More Feature (2/2)

void CallFunction(Object* instance, string type_name, string func_name)

class Human: public Object{ {
void Jump(){ if(type_name == "Human"){
// do something ... Human* human = (Human*)instance;
} 1f(func_name == "Jump"){
human->Jump();
void StopJump(){ }
// do something ... else if(func_name == "StopJump"){
} human->StopJump();
} }
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A Common Solution - Reflection

In computer science, reflective programming or reflection is the ability of a process to examine, introspect,

and modify its own structure and behavior.

package Demo;

Java ReﬂeCtion import java.lang.reflect.Field;

import java.lang.reflect.HMethod;

package Demo; public clasz Demo {

public class Test {
public int m filed;

public static void main (S5tring[] args) throws Exception{
Class<?» cls = Class.forNams("Demo.Test™);

Chiject ob] = cls.getConstructor () .newlnstancel():;
public void print () Field filed accessor = cls.getField("m filed");
{ filed accessor.set{ok], 2):

System.oub.print ("call print{)."): a
}: Method method accessor = cls.getMethod("print®);

method accessor.invoke (obkj)
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TECH

Reflection Build the Bridge between Code and Tools

class Human: public Object{
void Jump(){
// do something ...

h

void StopJump(){
// do something ...

}

Using reflection to generate a code meta information
map
class_name, func_name and para_name

generate accessor and invoker

void CallFunction(Object* instance, string type_name, string func_name)

{

FunctionPtr function_ptr = FunctionInfoMap::getInvokeFunction(instance, type_name, func_name);
function_ptr->invoke();

Once and for all!
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How to Implement Reflection in C++

« Collect type info from code
« Generate code to provide accessors for fields and methods

« Manage all accessors with a <string,accessor> map
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How to Get Type Info from Code(1/2)
General Programming Language(GPL) Compilation Process
Compiler
o nd
-
Lexicall Sg,.fntaxl Seman ’Fic | nteggzg late | nteggsg ate -?;?j? Tcaé?j?
Analysis Analysis Analysis Generation Optimization Generation Optimization

L L NS NS

Character
stream

Token stream —I\\, Abstract syntax Intermediate Target
— Tree Code Code
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How to Get Type Info from Code(2/2)

Abstract Syntax Tree(AST): An abstract representation of the syntax structure of source code. It
represents the syntax structure of programming language in the form of a tree, and each node in the tree

represents a construct in the source code.

. " "—CXXRecordDecl OxladScbecBe8 < line:1l : 1, line : 16 : 1 » line:1l : 7 class Transform definition
C_las = I'_-"‘E:‘__T:c‘_":"_] 4 —DefinitionData pass_in_registers standard_layout trivially_copyable trivial literal has_constexp:
. " |-DefaultConstructor exists trivial constexpr needs_implicit defaulted_is_constesxpr
i e ' 2 4 i g | - - 3 rivial nst_pa eeds implicit implici r
Vectoras ]T._D':'S 1t1omn .I_ Vectora: .L-.E.I?{-"I I |CopvConstructor s_:tfple trivial hsilsfccna_fa.—ﬂralmr. t_luc.iuflr:pllu_ implicit_has_const_param
; |-MoveConstructor exists simple trivial needs_implicit
LT 2 1 i~ e TOUTTT qr - —CopyAssignment simple trivial has_const_param needs_implicit implicit_has_const_param
Vector3 m_scale{ Vector3::INIT SCALE }; | Coprkast PLE VISl hasconstpavan nesdedmplicit dmplicithas constp
—_— —_ F | MoveAssignment exists simple trivial needs_implicit
y v " [ = - T T T "-Destructor simple irrelevant trivial needs_implicit
- . 4 0y A e I - . - o o B i
I:imate— 11105 m_r'Dt at 1a0 L I:'-.I-‘:ﬂ-t ermnlion. . Iﬂ-ltﬂ- I‘T—' - -l!.. } 2 —CiXRecordDecl Oxlad8cbecall < col:l, col : 7 » col:7 implicit class Transform

-FieldDecl OxladScbecab0 < line :13 : 6, col : 14 » col :14 m_position  Vector3d
—FieldDecl OxladScbecbl8 < line : 14 : 6, col : 14 > col : 14 m_scale Vectord
"—FieldDecl OxladScbecb80 < line:15 : 6, col : 17 » col:17 m_rotation Quaternion’
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Why Piccolo Use Clang
clang/lib
One of Clang's main goals is to provide a library-based Driver
architecture, so that the compiler could interoperate with
Frontend

other tools that interact with source code.

Lex

Parse

Sema

AST

CodeGen
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Generate Schema From AST

« Parsing AST, such as type name, field name, field type, etc.

« Build a temporary schema of data in memory

"—X¥RecordDecl OxladB8cbec8e8 < line:1l : 1, line : 16 : 1 » line:11 : 7 class Transform definition
—Definitionllata pass_in_registers standard_lavout trivially_copvable trivial literal has_constexm
| -DefaultConstructor exists trivial constexpr needs_implicit defaulted is_constexpr
| CopyConstructor simple trivial has_const param needs implicit implicit_has_const_param
| -MoveConstructor exists simple trivial needs_implicit
| CopyAssignment simple trivial has_const_param needs_implicit implicit_has_const_param
| MoveAssisnment exists simple trivial needs implicit
"—Destructor simple irrelevant trivial needs implicit
—CXX¥RecordDec]l OxladB8chbecall < col:l, col : 7 » col:7 implicit class Transform
-FieldDecl OxladSchbecabl < line :13 : 6, col : 14 > col :14 m position ' Vectorl
—-FieldDecl OxladBcbecbls < line : 14 : 6, col : 14 > col : 14 m scale Vectord
"—FieldDecl OxladScbecb80 < line:15 : 6, col : 17 » col:17 m rotation Quaternion’

"y

{classDef name="Transform" >
{memberDef name=m position type= Vector3 />
{memherDef name="m_scale” type=" Vectord />
{memberDef name="m_rotation” type= Quaternion’ />
</classDef>
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Precise Control of Reflection Scope

In the actual scenario, we need to add a lot of tag information to identify the purpose of the type.

—

CLASS (CameraComponent : public Component, [WhiteListFields

{
’ ublic:
CLASS (Transform, . o sds "

CameraComponent () = default:

public:

Vector3 m position | Vector3::ZERO }: META(Enable)
Vectord m_scale { Vector3::UNIT SCALE }: CameraComponentRes m_camera_res;

Quaternion m_rotation { Quaternion::IDENTITY }:

CameraMode m_camera_mode {CameraMode::invalid}:

Vector3 m_foward {Vector3::NEGATIVE_UNIT_Y}:
Vector3 m_up {Vector3::INIT Z;
Vector3 m_left {Vector3::UNIT X}:
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Use Marco to Add Reflection Controls

Add tags by __ attribute

« _ attribute__ is a source code annotation provided by clang. In the code, the required data types can be

captured by using these macros.
« Define a “CLASS” macro to distinguish between precompile and compile.

« When precompiling, define © REFOECTION PARSER " macro in meta_parser to make the

attribute information effective

i ( REFLECTION PARSER ) "—CXXRecordDecl 0x215c¢21bb840 < 1line:12 : 1, line : 17 : 1 » line:12 : 20 class Transform definition
#define CLASS(class_name, ...) class _ attribute_ ({annotate(#_VA_ARGS_))) class_name —DefinitionData pass_in_registers standard_layout trivially_copyable trivial literal has_constexpr_
1 | DefaultConstructor exists trivial constexpr needs_implicit defaulted_is_constexpr

Sdefine CLASS(class name, ...) class class_name | CopyConstructor simple trivial has_const_param needs_implicit implicit_has_const_param

| MoveConstructor exists simple trivial needs_implicit
| CopyvAssisnment simple trivial has_const param needs_implicit implicit_has const_param
| MoveAssignment exists simple trivial needs_implicit
. A o "Destructor simple irrelevant trivial needs_implicit
CLASS (Transform, Fields) —AnnotateAttr 0x215c21bb960 < line:1 : 34, col : 55 >|Fi
B . —CXXRecordDecl 0x215c21bb3d0 < line:12 : 1, col : 20 > col:20 implicit class Transform
phblj?' . o [ Vector3: :ZERO 1 - —FieldDecl 0x215¢21bba70 < line :14 : 6, col : 14 > col :14 m position Vectord
e INTT SCALE T ~FieldDecl 0x215c216badS < line : 15 : 6, col : 14 > col : 14 m_scale 'V
rectors mscale PECTOTS. AL oH . "—FieldDecl 0x215¢21bbb40 < 1ine:16 : B, col : 17 » col:17 m_rotation Quaternion’

Quaternion m rotation { Quaternion::IDENTITY };
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Reflection Accessors

Generate reflection accessors using schemas
» For classes, we need to generate type info getters
« For fields, we need to generate setters and getters that can access them

« For functions, we need to generate invoker that can invoke tem

{classDef name="Transform >
{memberDef name="m_position’
{memberDef name=m_scale” typ
{memberDef name="m_rotation type= Quaternion />

</classDef>

e o static void set_position(void® instance, void® field_valus)
R G L. "
pe= Vectord />

¥
a= static_cast{Transformt> (instance) —»m_position = *static_castVector3+>(field_value) ;

Yectord />
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Code Rendering (1/2)

The same type of business code structure is the same

<h1>Colors</h1> Colors
i i <hl>{{header}}</hl>
<li> <strong>red</strong> </li> |
<li> <a href="#Green">green</a> </li> . ;T:en el
1 " " 1 ' == <lix<strong>{{name}}</strong></1li>
<li= <a href="#Blue">blue</a= </li> . blue yssitels
[{#1ink}}
<li»<a href="{{url}}">{{name}}</a></1i>
{{/1link}}
<h1=Colors</h1= c0|0r5 {{/i:eri;}}-
-*-:I!::f <strong>white </strong> </li> | ” ((fempty))
<li> <a href="#Black">black</a> </li> e <p>The list is empty.</p>

) . . . e black {{/empty}}
<li=<a href="#Pink"=pink</a= </li> e pink
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Code Rendering (2/2)

Code Rendering is the process of collecting data (if any) and loading related templates (or
sending output directly). The collected data is then applied to the associated template. The final

output is sent to the user.

Pros:

« Strong separation of code and data
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Code Rendering — Mustache

Mustache is a web template system.

It is named "Mustache" because of heavy use of braces, {{ }}, that resemble a sideways moustache.

Mustache

gy <hl1*Colors</hl>
e {lir<strongrred</strong></1i>

{{#items}}

(tirirsc)) <1ix<a href="#Green” rereens/ax<;/ 11

<li»<strong>{{name}}</strong»</1i>

({/tixsth) 1ix<a href="#Blue”>blue</a></ 11>
hk<li><a href="{{url}}">{{name}}</a></1i>
{{/link}}

{{/items}}

{{#empty}}

<p>The list is empty.</p> _ O
{{/empty}} I [ testhtm % -+ O

JSON (try setting empty to true)

R —— Colors

"items": [
{"name": "red", "first": true, "url": "fRed"},
{"name": "green"™, "link": true, "url"™: "$Green"},
{"name": "blue", "link": true, "url": "#Blus"} . red

"empty": fzalse

} s blue
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Use Mustache to Code Generation

* Implementing business logic using mustache templates

* Generate code through mustache rendering

{classDef name="Transform >
{memberDef name=m position’ type= Vector3d />
<{memberDef name="m_scale” type= Vectord” />
{memberDef name="m_rotation type= Quaternion” />

</classDef>

" " ' " ' . " " " - b
static void set_position{void* instance, void¥ field_wvalue)

static_cast{Transform*> (instance)->m position = *static_cast<Vector3¥>(field wvalue) :

static void set_{ {memberName} } (void* instance, void* field_value)

T,

static_cast<{ {name}}* > (instance)->{ {memberInCodeName}} =
*static_cast<{ { {memberTypeName}}}* > (field wvalue):
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Collaborative Editing
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Bottlenecks in Large Projects

cepPb g8
= L % it

« Lots of people work with lots of

-

T

assets
« Assets version management is

very difficult

BN B Bl N} - LA & B B | --. -
FTYTESTNTYTYSESYYNNSSYYYTSNYY .

s s =T m = = - =
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Merging Conflicts is The Biggest Problem

* Everyone needs to Spend a IOt Of i—r Editor > Modify > Local Storage Merge
time on merging conflicts when sctor
updating or uploading assets o
i F——> —
— > Editor »* Modify »(  Local Storage Merge Remote
R “— Storage
Actor T [—&
i—r Editor > Modify > Local Storage Merge
Actor T ‘

Work Flow
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How to Reduce Conflicts

« Split assets into smaller parts to reduce the probability of conflicts

« Layering the world
« Divide the world
* One file per actor(OFPA)

» All people work in the same scene to completely eliminate the conflict
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Split Assets — Layering the World (1/2)

« Split the world into many layers, each of which is

stored in an asset file

» Different people work at different levels
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Split Assets — Layering the World (2/2)

Pros

« Appropriate layers would decrease
edit confliction

« Layer-based logic available
Cons

« Layer logic may dependents on another layer
 Difficult to reasonably split layers when the world is

very complex
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Split Assets— Divide the World (1/2)

« The world is divided into fixed size blocks, and
each block is saved in an asset file

 Different people work at different blocks
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Split Assets — Divide the World (2/2)

Pros

« Location based splitting makes it easy to dynamically

expand the world

e Space separating is more intuitive to operator

cons

 Difficult to deal with objects across multiple blocks
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One File Per Actor

A splitting method proposed by unreal5

» reduces overlap between users by saving data for instances of Actors in external files,

removing the need to save the main Level file when making changes to its Actors

« All Actors are embedded in their respective Level files when cooked

4
level

Actor O Actor 1

Actor 2

Actor n
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A Special Way to Split Assets — OFPA

Pros

* Fine-grained scene division, fewer edit
confliction

« Only need to save objects modified

Cons

« Massive files to manage, more burden for versiol
control
* Cook will be slow down while embedding many

OFPA files to level file
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Coordinate Editing in One Scene

Connect multiple instances of world editor together to work collaboratively in a shared editing session,
building a single virtual world together with your teammates and colleagues in real time

m Coordinate Editing ;

server _
Editor on windows Editor on mac

° MBS ¥ B b9 s

= Viorld ¢ P Le
r—) 4

RSNl Om afaen - - -

[ Sessionl
\

[ Session n ]

IS
( \

Editor on VR

Editor on linux
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How to Synchronize My Operations with Others

Do you remember command system?

« Serialize my commands and send them to
server

* Receive commands from server and
deserialize them

* |nvoke commands

Command A

Editor on windows

Coordinate Editong

server

l Sessionl

{

[ Session n ]
Pyl
{ Command A

Editor on VR

—AA

Editor on mac

R

Command A’

Editor on linux
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There is A Very Big Challenge

How to ensure the consistency of distributed operations?

U
o S

/

Undo/Redo Operation Merge
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Two Users Cannot Edit The Same Instance at The Same Time

.| Send Met Packet to

Modify Actor Server

L4

Snap Actor Data Lock Resource

L4

Instance lock: Avoid multiple people

modifying the same instance at the same time

hd

Release Lock L Sync to Other Client 1—‘r‘e<ces>

Reset Actor

Iy

lgnore Packet 0
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Two Users Cannot Edit The Same Asset at The Same Time

Asset lock: Avoid multiple people

Try Lock Asset @ Mo—» Pop-up Message
modifying the same asset at the same

time Yes

l

Release Lock e Save Asset E Modify Asset




Modern Game Engine - Theory and Practice

BOOMING GAMES104

TECH

But Lock is not Omnipotent (1/2)

If there are three users working in the same world, and now User2 presses the undo

button, what do we expect to happen? If he presses the redo button next?

Q

Y

Userl

User2

User3

Command
A

Command
D

Command
B

Command

History

Command

Command
B

Command
C

Command
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How to Solve These Problems Thoroughly

Operation Transform(OT): Abstract the operation into an operation sequence consisting of an

enumerable N atomic operation types

Conflict-free Replicated Data Type(CRDT): A data structure that is replicated across multiple

computers in a network, with the following features:

The application can update any replica independently, concurrently and without coordinating with other
replicas

An algorithm (itself part of the data type) automatically resolves any inconsistencies that might occur
Although replicas may have different state at any particular point in time, they are guaranteed to

eventually converge
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Traditional Workflow vs. Collaborative Editing Workflow

| {

—
—> Editor » Modify » Local Storage Merge Editor » |'\-1Udi1"‘,n'
le— | »
Actor
Actor
—>|
—» Editor - Modify »  Local Storage Merge —» Editor » Modify —*Collaborative Remote
— -
Server Storage
Actor T Fy

¥

Actor |
— Editor » Modify » Local Storage Merge ’ Editor Modify
le— |

Actor T Actor T

Traditional Workflow Collaborative Editing Workflow
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Server is the Most Important Role

D * The server retains
Client each session until

Crash RS the user who created
| \ Editor on windows Editor on mac
l Sessionl ]
, expressly deletes it,
[ Session n ] or until the server
Server

Crash — itself is shut down.
. ras —
M
{ \ —

« Save session

Editor on VR Editor on linux

records to disk.
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Homework 4(available since 28 June)

* You are supposed to...
« Comprehend the use of reflection tags
« Add attributes to the existing system and make them reflect correctly
« Display new attributes in the detail panel
« Make them really work in the system(advanced)

« Write a report document that contains screenshots of your results

« Download at
« Course-site:
https://games104.boomingtech.com/sc/course-list/
« Github:

https://github.com/BoomingTech/Piccolo/tree/games104/homework04-tool-chains



https://games104.boomingtech.com/sc/course-list/
https://github.com/BoomingTech/Piccolo/tree/games104/homework04-tool-chains
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