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— HPC# & Burst compiler & C# JobSystem
— %A FUnity 2018
— F|Unity 20231k, %t 76N AhRAER
— THIEER, TDREE
— fEUnity packages#Asset Store 4K E(FF
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- Entities & EFEntitiesAYpackages
— 2022.3%%0 1.0k
— Entities Component System
— BT —LERpackage(Entities graphicsZ)
— LI TIER (Baker, Content Management)
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- EA{ERENtities
— C# Job System + Burst Compiler
— Entities + C# Job System + Burst Compiler
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- C# Job System + Burst CompilerZ{i
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~ UnityIEfERI AP F GRS YRR O

- EAEPRIZHFC# Job System
— NavMeshQuery

— MeshDataArray
— TransformAccess
— RaycastCommand

— BatchRendererGroup
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— C# Job SystemZ\&;
— FRRIMBHERERSR, VIR, SKRE
— REBREREY, SEMRREAERD
— EEEIAFENS RIRRIAR

— FEERE—RIFSEE
— Why?
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S RES—REBIE
— BREEWE (Native Collections)
— HPC# (C+, Low Level Language)
— CPUZE#3 (cache line, Z#%)
— FHTRIE
— SIMD

- BEREENE?
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- Entities [BurstCompile]

2 & “
e Eﬁé&}@éﬁfﬁ*@%ﬂ partial struct RotateAndScaleJob : IJobEntity
— RHERwmEE ¢

public float deltaTime; =

I B%ﬁ?ﬁ*gmqﬁ public float elapsedTime; =
— REREHT/H KRR , . . .

void Execute(ref LocalTransform transform, ref PostTransformMatrix postTransform, in RotationSpeed speed)

- EntitiestR¥ME? { ansforn - transfo
. transform = transform.RotateY(speed.RadiansPerSecond * deltaTime);
postTransform.Value = float4x4.Scale(x:1, y:math.sin(elapsedTime), z:1);
}
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- Entities{EFHMEE
— Entities R EFIEMEXISEARE
— FUTEIEERNCRUDERE
— MWEASTEIEREFIICRUD

foreach (var (transform:RefRW<LocalTransform>, speed :RefRO<RotationSpeed>) in

SystemAPI.Query<RefRW<LocalTransform>, RefRO<RotationSpeed>>())
{
transform.ValueRW = transform.ValueR0.RotateY(
speed.ValueR0.RadiansPerSecond * deltaTime); // LocalTransform
h
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- Entities{EFHMEE
— Entities R EFIEMEXISEARE
— FUTEIEERNCRUDERE
— MWEASTEIEREFIICRUD

B

LocalTransform

C

PostTransformMatrix

D

RotationSpeed
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= N AKFKTEEntitiestRYE?

— #HXIRBEREMEFK
® APIEFISHIRZSHIECEITH]
® R/DER{ESLHE
® EHHBRIOSAES (ELRAKE)

— TOEHAHERSKR
® W/RiEFahybridiER RIS 2y
® 7#HttMono BehaviourEEEigE—LtEF

— HPCHERER EBEZ IR
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- RZE

— RTE
® HPC# + Burst + C# Job System

® AR MEEER
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public partial struct CharacterFireSystem : ISystem
{

- EREE .

public void OnUpdate(ref SystemState state)

{
foreach (var (transformRo, bulletDataRW) in SystemAPI.Query<RefR0O<LocalTransform>, RefRW<CharacterBulletData>>())
{
var bulletData = bulletDataRW.ValueRW;
var transform = transformRo.ValueRO;
bulletData.BulletTime += SystemAPI.Time.DeltaTime;
if (bulletData.BulletTime = bulletData.FireFrequency)
{
var newBullet:Entity = state.EntityManager.Instantiate(bulletData.BulletPrefab);
var forward:float3 = transform.Forward();
var localTransform = SystemAPI.GetComponentRW<LocalTransform>(newBullet).ValueRW;
localTransform.Position = transform.Position + forward;
bulletData.BulletTime = 0;
Iy
}



1 FHEntities 1] 5 Hg

- B

~IRYE: https://coffeebraingames.wordpress.com/2019/09/15/replicating-polymorphism-in-ecs/

Q Unity°
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- S/ HB/EFEHEEEREN
— Entity
® — I EH—Entity
® [FJF: structural change

— Dynamic Buffer
— SharedStatic C#->HPCHE(S
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~ [alfEl/delegate/InITE R

— FunctionPointer<T> (BFRHl)
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~ [alfEl/delegate/InITE R
— REFRBEENHINE
— FunctionPointer<T>8]L\—Ef2E &L
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- T{Em
— Hybrid T{E#
— RiTEUE
— SystemidF
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— Hybrid T{EfR
— MonoBehaviourfISystemtf & T{E
— Input, Ul, zhEZE
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— Hybrid T{EfR

public class WarriorGOPrefab : IComponentData

{
public GameObject Prefab; =

ZMFIK5 . EntitiesSamples/Assets/Miscellaneous/AnimateGameObject

@ Unitye



1 FHEntities#] 5 r&

— Hybrid T{EfR

var query = SystemAPI.QueryBuilder().WithAll<WarriorGOPrefab>().Build();

var entities :NativeArray<Entity> = query.ToEntityArray( (AllocatorHandle) Allocator.Temp);

foreach (var entity in entities)

{

var warriorGQOPrefab = state.EntityManager.GetComponentData<WarriorGOPrefab>(entity);

var 1instance:GameObject = GameUbject.lInstantiate(warriorGOPrefab.Prefab);
instance.hideFlags k= HideFlags.HideAndDontSave;
state.EntityManager.AddComponentObject(entity, instance.GetComponent<Transform>());
state.EntityManager.AddComponentObject(entity, instance.GetComponent<Animator>());

state.EntityManager.AddComponentData(entity, componentData: new WarriorG0Instance { Instance = instance });

state.EntityManager.RemoveComponent<WarriorGOPrefab>(entity);
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- Hybrid T{E#R
— BindingRegistry

? & 3
public class BoundAuthoring : MonoBehaviour

{
[RegisterBinding(runtimeComponent: typeof(Example), runtimeField: nameof(Example.Float)) ]
public float BoundFloat = 10.0f; =

[RegisterBinding (runtimeComponent: typeof(Example), runtimeField: nameof(Example.Int))]

public int BoundInt = 5; =

[RegisterBinding( runtimeComponent: typeof(Example), runtimeField: nameof (Example.Bool))]

public bool BoundBool = true; =

public float UnboundFloat; =

ZI>kJR . EntitiesSamples/Assets/Streaming/BindingRegistry/BoundAuthoring.cs

@ Unitye
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- 1RITHEE
— RRREREIENTE, SRR EIE
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The purpose of all programs, and all parts of those programs,
is to transform data from one form to another.

Culling ,o L O
Scene Data .
(Meshes) ” N Draw Call LT
(Shaders) Recordin > 5
(Textures) 9 =
(Lighting) \ LOD ’ m—"

‘p  EEEE
I



1 FHEntities#] 5 r&

- WAL AR IR?

Quantity Read Frequency Write Frequency Why do you need this data?

g
-]
(-]

Data Transformations
When and how frequently does = What other data do you

this occur? need?
I

Data Input

(o]
c
1
s
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THEUEARIR?

Direction

PaddleTag

Type Quantity Read Frequency Write Frequency Vhy do you need this data?

1 Ball Ball:Every Frame Ball: Every Frame
Many Blocks Blocks: Every Frame for Physics  |Blocks: Once on init
float2 1 Paddle Paddle: Every Frame Paddle: Every Frame e need to track where the ball is
e

L [ _______________________________|
any Blocks Blocks: Every Frame
float2 Paddle Paddle: Every Frame

Combined with Direction can give
you the entity's velocity, separated
1 Ball Ball: Every Frame components because Direction will
float 1 Paddle Paddle: Input Change Once on init update while Speed doesn't
Combined with Speed can give you
the entity's velocity, separated
1 Ball Ball: Every Frame Ball: On Collision because Direction will update while
float2 1 Paddle Paddle: Input Change Paddle: Input Change Speed doesn't

This could be a component to allow
float4 Many Blocks Rendering Onl Once on init for different colored blocks

We need to keep track of the
current score to display to the
1 Ball Ul Updates when Score Updates On Ball/Block Collision player

We need to know the size of the
game board to constrain the paddle
Read by Ball and Paddle to stay and ball to move within the
float2 (width and height) 1 Board inbounds of the board Once on init boundaries

Read when updating the Paddle's We need a way to differentiate
1 Paddle movement Once on init movement driven by player input
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- AR AR IR?

[l Data Transformations

When and how frequently does =~ What other data do you
Data Input System this occur? need?

Position
Speed Once every frame,
Direction Position always updated,
Direction updated if hits edge of the
irecti board (Dies if hits the bottom

i Direction (Ball) Ball Direction
) iti Destroy Block (If hit nce every frame Score

Paddle Movement Once every frame Input.Axis

Block Prefab
) Block Spawning Once on init Number of Rows

Position
Direction Ball Prefab
[l Speed i Ball Spawning Once on init Any authoring data

Position
Direction i Paddle Prefab
Ml Speed PaddleTag Paddle Spawning Once on init Any authoring data

Some entities (e.g. Ball,
Paddle) don't have a Color
component. Default to

) Draw calls Rendering Once every frame white.



struct CharacterMegaComponent :

{

MegaComponent

IComponentData

public Entity BulletPrefab;
public float BulletTime;
public float FireFrequency;

public float RadiansPerSecond;
public float MetersPerSecond;

Few Components

jstruct CharacterMovementData : IComponentData
{

public float RadiansPerSecond;

public float MetersPerSecond;
1}

jstruct CharacterBulletData : IComponentData
{

public Entity BulletPrefab;

public float BulletTime;

public float FireFrequency;
1}

54

Many Components

jstruct CharacterRotationSpeed : IComponentData

{
public float RadiansPerSecond;
1}
jstruct CharacterMovementSpeed : IComponentData
{
public float MetersPerSecond;
1}
jstruct CharacterBulletPrefab : IComponentData
il
public Entity BulletPrefab;
1}
jstruct CharacterBulletTime : IComponentData
{
public float BulletTime;
1}

jstruct CharacterFireFrequency : IComponentData
{

1}

public float FireFrequency;



50k Character Entities

- MegaComponent: 4.09ms
- Few, larger components: 3.77ms
- Many, small components: 4.10ms

55
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— SystemBd
— WSEXEEIRFEEK
— Safety Checkst/lHIEKIEEARERATHIT
— FHTEEXK



{FENtitiesgYSRES

- SystemBff®
— W55 FHTEM SystemGroup
— SystemGroupER#EFE[UpdateBefore] [UpdateAfter]iH T4 EEE

[UpdateInGroup(typeof(InitializationSystemGroup))]

2DOTS AB '
[UpdateBefore (typeof (TransformSystemGroup)) ]

public partial struct RotatorInitSystem : ISystem @ 2 Brian W

{ public partial struct BallKickingSystem : ISystem
{

[UpdateBefore (typeof (BallMovementSystem))]
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- SystemBdF
— WriteGroup
B=EASystemsLI]

[WriteGroup(typeof(LocalToWorld))]
? & 2

public struct LocalTransform2D :

{

IComponentData

public float2 Position; =

public float Scale; =
public float Rotation; =

Z{IJE: EntitiesSamples/Assets/Miscellaneous/CustomTransforms

@ Unitye
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> FFRRREE
— {§FASystemAPIFBALFZRR A
— FFEBurst
— REMEEESR (2-8/FN)
— MHEEEN
® FFEHISystemBExIs|HAYSYstem
® FiTiK

©® (EBEURINUAE D structural change
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~ Bgh
— HAIIBEERfeaturetEntitiesszHF
— Hybrid T{Es
— SREBRITRHFT
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