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sellelql] Aued pig

Tool Layer
Function Layer
Resource Layer

Core Layer

Platform Layer

How to build a
game world?

« What does a game world consist of?
* How should we describe these things?

* How are these things organized?
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Static Game Objects

Drone

Air-defense Missile

Artillery Soldier

Tank
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Static Game Objects

Watchtower
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Environments

Vegetation

Terrain



Modern Game Engine - Theory and Practice RRBOOMING ~ | GAMES104

Other Game Objects

function ClientRulerBase:tick(delta time)

--local os_utility = g context.m _os utility;
--local current_time stamp = os utility:getMil

--local current_level = g context.m_level manz
--local game_scene = current _level.m scene;
--local scene_loading status = game scene:get$

--self:tickKickAFK (delta time);
--self:tickBoss(delta time);

--if self.m_game status == ClientGameStatus. 1

-----local ruler_type name = self.m_definitic

Ruler

Air wall Trigger Area Navigation mesh
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Everything is a Game Object

Game Object (GO)
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How to Describe a Game Object?

| want a
drone!
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How Do We Describe a Drone in Reality?

Shape (property)

Position (property)

Move (behavior)

Capacity of battery (property)
Etc.

Properties and
behaviors!
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Game Object

Name Drone

Property position
health
battery

Behavior move
scout

So easy!

class Drone

{

public:
/* Properties x/
Vector3 position;
float health;
float fuel;

/* Bebavior x/
void move();
void scout();
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Drone vs. Armed Drone

class Drone
{
public:

/* Properties x/
Vector3 position;
float health;
float fuel;

};

/* Bebavior x/
void move();
void scout();

Name Drone ArmedDrone
Property | position position
health health
battery battery
ammo
Behavior | move move
scout scout
fire

class ArmedDrone

{

public:
/* Properties x/
Vector3 position;
float health;
float fuel;
float ammo;

/* Bebavior x/
void move();
void scout();
void fire();
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Drone
. Position: Vector3
d InherltanCe health: float
fuel: float
class Drone
{ move() : void
public: scout() : void
/* Properties x/ class ArmedDrone:
Vector3 position; public Drone Zr
float health; {
float fuel; public: ArmedDrone
e float ammo;
/* Bebavior x/ void fire();
void move(); ammo: float
void scout(); ¥
I3
fire() : void

Code

UML Class Diagram
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No Perfect Classification in the Game World!

Aircraft
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Component Base

« Component Composition in the Real World

Loader Road Roller Excavator Bulldozer
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Component Base

« Component Composition in the Real World
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Components of a Drone
/

1 X Transform
Y

Model

Animation
Physics

Al
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Component

« Code example

class-GameObject
Base class of component (

'----vector(ComponentBase*>'components;
«+«.virtual-void-tick();

class|ComponentBase

{

virtual void tick() = 0; i:'.

| &

! \

class| TransformComponent: class|ModelComponent: class|MotorComponent:| class| AIComponent: | Animation
sublic ComponentBase public ComponentBase public ComponentBase public ComponentBase Physics
{ { { b e
VECEOFS HOSATION; Mesh mesh: float battery; void tick();
void tick(); void scout();
void tick(); £ void tick(); tesonel )
; }; - '
¥; X 3
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Component

 Drone vs. Armed Drone

Components || Components _

Transform = Transform
Model = Model
Animation = Animation
Motor = Motor

Physics = Physics

Al
Combat
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omponents in Commercial En

UNREAL

ENGINE

—

UObject

A ba s for the every
object in the game.

]

AActor

UActorComponent

4 base class for the every object placed in the workd. It's sn
UObject that usually contains other UObects specialized to be

o——————

A base class for every object placad inside AActar.

1

part of an actor-this is what we call components

USceneComponent

A base class for every component which actuslly appears in the world it
ahs 2 transform evaluated every frame.

1 |

ULightComponentBase

UPrimitiveComponent

And this finally the base class for all components

A base class for every type of ight

representing any sort geomerty.

UMeshComponent

#n abstract base for any component that is an instance of 5
renderable collection of triangles.

—

I

UStaticMeshComponent

USkinnedMeshComponent

Support bone skinned mesh rendering.

UWidgetComponent

Allows to place Ul widgst in the 3D sapce

Used for sll meshed with static gsomerty - mesh doesn't
changeits shape during gane.

1‘_‘

USkeletalMeshComponent

Used tocreste an instance of an animated SkelstalMeshassat

Q unity

Object

+  Destory(): void
< Initialize{): void

:

gines

Component

+  GetComponent(}: void
SendMessage(): vaid

1

Transform

- position: Vector3

[ - rotation: Vector3
scale: Vector3

GameObject

+ AddCompanent(): void
+ GetCompanent
+ SendMassage(:voic

Behaviour

Renderer ‘

RigidBody

massfloat

enable: boclean
- material in

enable: boolean

sharedmaterial: int

o - positiom: Vectord
rotation; Vector3
- velocity: Vector3

AddForee): vaid

MovePosition(): void
- MoveRotation(): void

‘ - AddTorque(y: void

+ Play() void

MonoBehaviour

+StartCoroutine): void

Animator

Camera

main; C

- meterial: int

amera
onCollisionXXX: int

+ gebO(): void
+ se1O0M(: void

~ ScreenToViewportPoint(): void
+ ScreenToWorldPoint{): woid

- onTrigger)X)ic int

Collider

- connectedBody: int

‘ Animationw Joint

Time

Input

H

Physics

Linecast(): boolean

- deltatime: float
- time: float

+ Gethxis(): void
!

Raycast(: boolean

I GetButton(): void
+ GelKey(): void

+ GetMouseButton(): void
+ GelTouch(): void
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o Everything is a game object in the game world

« Game object could be described in the component-based way
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How to Make the World Alive?
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Object-based Tick

tart

end

eoy ... | Motor

Controller

Animation

—

Motor

Controller

Animation

Intuitive!
start

start

Motor | Controller

Animation

GO4

end i

end

Motor

Controller

Animation

R

end




Modern Game Engine - Theory and Practice

BOOMING -
BTECH _ GAMES104

/O

Component-based Tick

Logic

Physics

Etc. Input start end
Memory ‘ ' Camera start end
GC Ve GO2 | o1 | co3

O
start end
- ®»  Motor ohLellsl GO2 | GO1 | GO3
start end

@ ® Character GO1 GO2 | GO3

Network. Controller
v ° start
Render Animation _GO1 Soz | E0E

end
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Object-based Tick vs. Component-based Tick

More efficient!

Object-based tick « Component-based tick

« Simple and intuitive « Parallelized processing

 Easyto debug  Reduced cache miss

& .

— & - = & & & & &
B .

B .
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How to Explode an Ammo in a Game?

o -
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Hardcode

void Bomb:explode()

{
switch(go_type)
{
case GoType.humen_type:
{
/* process soldier x/
- }
ES()lchEBr case GoType.drone_type:
{
/* process drone x/
}
case GoType.tank_type:
{
/* process tank x/
}
case GoType.stone_type:
{
/* process stone %/
}
default:
{
break;
}
b
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Events

Message sending and handling
Decoupling event sending and handling

void Bomb:explode()
Soldier {

sendExplodeEvent (go_id)

Tank
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Events Mechanism in Commercial Engines

using-UnityEngine; Q unlty

public-class-Example-: -MonoBehaviour

{
-« +.yoid-Start()

conf
vesssess//.Calls-the-function-ApplyDamage-with-a-value-of-5
-------- //-Every-script-attached-to-the-game-object
vesesessf/othat-has-an-ApplyDamage-function-will-be:called.
+e---...gameObject.SendMessage("ApplyDamage",-5.0);

ot

public-class-Example2-:-MonoBehaviour

{

+«--.public-void-ApplyDamage(float-damage)
o

+e......print(damage);

<}

/**-Event-for-when-collections-are-created-*/

DECLAREEVENT OneParam(-ICollectionManager,-FCollectionCreatedEvent, -const-FCollectionNameType&:);
virtual:FCollectionCreatedEvent&-0OnCollectionCreated() =:0;

/**-Event-for-when-collections-are-destroyed-*/ UI:I,\E;EEAL
DECLARE_EVENT OneParam(-ICollectionManager,:FCollectionDestroyedEvent, -const-FCollectionNameType&:);
virtual:FCollectionDestroyedEvent&-OnCollectionDestroyed() -=:0;

/**-Event-for-when-assets-are-added:-to-a-collection-*/
DECLARE_EVENT TwoParams(-ICollectionManager, -FAssetsAddedEvent, -const:-FCollectionNameType&, -const:TArray<FName>&:-);
virtual-FAssetsAddedEvent&-0OnAssetsAdded()-=-90;

/**.Event-for-when-assets-are-removed-from-a-collection-*/
DECLARE_EVENT TwoParams(:ICollectionManager, -FAssetsRemovedEvent, -const-FCollectionNameType&, -const:TArray<FName>&- )
virtual-FAssetsRemovedEvent&-OnAssetsRemoved()-=-8;

/**.Event-for.when-collections-are-renamed-*/
DECLARE_EVENT TwoParams(-ICollectionManager, -FCollectionRenamedEvent, -const-FCollectionNameType&, -const:FCollectiont
virtual-FCollectionRenamedEvent&-0OnCollectionRenamed()-=-0;

/**-Event-for-when-collections-are-re-parented-(params:-Collection, -0ldParent, -NewParent) - */
DECLARE_EVENT_ThreeParams(-ICollectionManager, -FCollectionReparentedEvent, -const-FCollectionNameType&, -const-TOptior
virtual-FCollectionReparentedEvent&-0nCollectionReparented() -=-0;

/**.Event-for-when-collections-is-updated, -or-otherwise-changed-and-we-can't-tell-exactly-how-(eg,-after-updating-fr
DECLARE_EVENT_OneParam(-ICollectionManager, -FCollectionUpdatedEvent, -const-FCollectionNameType&-);
virtual:FCollectionUpdatedEvent&-OnCollectionUpdated() =:0;

/**-When-a-collection-checkin-happens, -use-this-event-to-add-additional-text-to-the-changelist-description-*/
DECLARE_EVENT_TwoParams(-ICollectionManager, -FAddToCollectionCheckinDescriptionEvent, -const-FName&- /*CollectionName?
virtual:FAddToCollectionCheckinDescriptionEvent&:-0nAddToCollectionCheckinDescriptionEvent()-=:90;
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Scene Management

« Game objects are managed in a scene
« Game object query
« By unique game object ID
» By object position

30° 15'00.00"N
120° 10'00.00"E
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Scene Management
« Simple space segmentation %
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Divided by grid

A needle in a haystack!
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Scene Management

« Segmented space by object clusters
 Hierarchical segmentation

Lishui®

- - "2 N Hangzhou,
= - Zhejiang, China
S . o .
¥ ¥
’ o &7 @ ’ [ & P
O & 2 e - )
4 Vel d 2 ¥ 4 & 3 2 ¥
f’ﬁ f'ig .
| ¥ TS £ N ¥ ] F
® |y | T ¥ 5 N
5‘ w T is s 4 p

Divided by grid Quadtree



Modern Game Engine - Theory and Practice RRBOOMING ~ | GAMES104

Scene Management

« Segmented space by object clusters
« Hierarchical segmentation ROOT
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Scene Management
« Spatial Data Structures

Bounding Volume Hierarchies (BVH)

Root |

nnfElblnlolo)a

Octree

Scene Graph
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Everything is an object

Game object could be described in the component-based way
States of game objects are updated in tick loops

Game objects interact with each other via event mechanism

Game objects are managed in a scene with efficient strategies
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o

“M.

/g._

.,

‘Sullivan: You know, you don't have to hit
every fence.

GO Bindings
Motor GO2 GO2
a—
GO1 8 GO3 GO1 g E GO3
Animation Physics GO4 GO4

Component Dependencies Immediate Event Sending or not
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Menu
¥ Scene Assets % | ¥ [Game Engine X | ¥ Components Details
@ Translation Mode
Rotation Mode
Scale Mode

First version of animation system

T

PILOT Engine

¥ File content

SimpleWorld, json Json

StaticMeshComponenks. json izon

TransformComponents, json jzon

¥ baseobj Folder

capsule, obj ohj
cone. obj obj
convexmesh. obj obj
cube, obj obj
cylinder, obj obj
sphere.obj obj
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Course Survey

Ofr =30
: =)

Please scan here to let
us know what you think
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Q&A
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Course Wechat

Please follow us for
further information



