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Khda hoc nay bao gom 3 huéng dan co ban cla package Entities, C# Job System va cac phan co
ban khac cta Unity’s Data-Oriented Technology Stack (DOTS). Tao diéu kién thuan lgi dé viét code
C# hiéu nang cao.

Hoan thanh khdéa hoc nay ban cé thé:

e Viét code da ludong v3i C# Job System.

e Tao entites trong Runtime.

Load entities tir scenes va s dung baking.
Viét hé thong dé truy cap va st dung entities.

Lam guen véi DOTS

Bat dau vdi Job System



https://learn.unity.com/project/basics-dots-jobs-entities

Lam quen vai DOTS

" A
Muc tieu
Két thic huéng dan nay ban cé thé:

e Hi€u cac phan cua Data-Oriented Technology Stack (DOTS) trong Unity.
e Xac dinh truong hop cé lgi khi s&r dung DOTS.

Téng quan

Hiéu nang CPU va b6 nhé la nhiing thanh phan quan trong can can nhac dé dem téi trai nghiém tot
khi phat trién ing dung. Data-Oriented Technology Stack la kién trdc phan mém cho phép lap trinh
vién tadn dung tét nhat phan cling cda ho.

DOTS la tap hop cong nghé dem téi mot cadch khac d€ lam viéc véi Unity. N6 la cach ti€p can khac
khi nghi vé code, d{t liéu s dung data-oriented design DOD thay vi object-oriented design (OOP).
DOTS cho phép ban tan dung CPU da 16i dé x( ly dit liéu song song. VGi DOTS, ban c6 thé tao ra
ng dung vdi hiéu nang tot hon va s dung phan ciing tét hon.

Hudng dan nay danh cho ca nguoi biét va khong biét vé ky thuat, la ngudi mai véi DOTS. Cung cap
hi€u biét co ban vé DOTS va gidi dap cac cau héi thuong gap khi tim hiéu vé DOTS.

Cac package va tinh n?ng.

DOTS la tap hop cac géi va tinh nang cho phép viét code hiéu suat cao:

e C# Job System mang tGi cach don gian va an toan dé€ viét code da luéng tan dung CPU
da I6i ngay nay.

e Burst Compiler |a compiler tdi uu héa cho C# tao ra code nhanh han Mono hodc ngay ca
ILCPP.

e Unity.Mathematics mang tgi thu vién todn dugc t6i vu dac biét khi s&r dung véi code sur
dung Burst-Compiler.

» Unity.Collections cung cap cac collection phé bién nhu Lists va hashmaps. Khéng giéng
nhu C# collections, collections nay khéng dugc quan ly nén cé thé sir dung trong code
Burst-Compiled. Collections nay ciing hoé trg ki€m tra an toan gilp ban chac chan rang
ching dugc sir dung dung trong jobs.

o Unity.Entities cung cap mét dang kién trdc Entity Component System (ECS). Ngan gon
thi entities la moét thay thé nhe hon, cé hiéu qua hon cho GameObject, va ching dugc x&
ly bd cdc don vi code goi la systems.



o Unity.Entities.Graphics renders entities s dung URP (The Universal Rendering Pipeline)
hoac HPRP (The High-Definition Rendering Pipeline).

Mot s6 package khac dugc xay dung dua trén Entities va 16i DOTS:

e Unity.Physics dem tGi hé théng vat ly. (nguyén van: The Unity.Physics package provides
a deterministic rigid body dynamics system and spatial query system.)

e Unity.Netcode (dugc biét dén la Netcode for Entities) cung cap hé thong multiplayer
gua mang v4éi mot may chd c6 thdm quyén va moét client cé thé du doan.

Hién tai, Unity chua c6 gidi phap cho animation, audio, hay Ul dua trén Entities vay nén cac du an
dua trén entities phai tré lai véi GameObject hoac cac cach thay thé khac cho nhiing tinh nang nay.
Vi du, nén ban tao mét game dua trén entities vGi nhan vat dugc tao anim thi ban cé thé x{& ly nhan
vat dudi dang entities trong logic nhung hién thi né nhu mét GameObjects. Diéu nay doi héi dong
b6 trang thai gilra tirng entity nhan vat va GameObject cla nd, diéu nay (dugc Unity cho rang) la cé
thé chap nhan dugc véi cac duy an ¢ quy mo vira va nho.

Cac khai niém chinh cua DOTS.

Céc video dudi day gidi thiéu nhanh vé cac khai niém co ban trong DOTS:

e The C# Job system (11 minutes).

e ECS Entities and components (10 minutes).

e ECS Systems (7 minutes).

Co nén su dung DOTS?

Bat ky du an nao bi nghén cé chai CPU trong code déu nén dugc xem xét tri€n khai lai véi slow
code nhu Burst-Compiled jobs. Burst-Compiled code khong chi nhanh han Mono-Compiled nhiéu lan
hay tham chi tuong duong IL2CPP-compiled, jobs con cho phép ban chia nhé céng viéc cho tat ca
cac 16i cha CPU.

Tin t6t la Burst-Compiled jobs con thé dugc tich hgp vao mét du én cé san. Ngay ca khi du an dé
khong st dung DOTS. Ban c6 thé sé can copy dit liéu vao va ra khai Unity.Collections nhung mat
khac thém Burst-Compiler jobs thuong khéng yéu cau téi cau trdc code mot cach nghiém ngat.

Diéu nay it ding hon véi package Entities. Mac du doi khi cé thé tich hgp cé chon loc cac entities
dé thuc hién cac tinh nang cu thé, kién tric ECS ap dat cdc cau tric code riéng cla né va do dé

thuong tao nén nén tadng chung cho dy an cua ban.

Dudi day la 4 ly do dé€ sir dung Entities cho du &n cla ban:


https://youtu.be/jdW66hA-Qu8
https://youtu.be/jzCEzNoztzM
https://youtu.be/k07I-DpCcvE

e Dy &n cla ban cé nhiéu thanh phan tinh, chdng han nhu render méi trudng réng va chi
ti€t. Trong du &n mau Megacity thé hién mét moi trudng phic tap duoc tao thanh tir cac
entity.

e Dy an c6 nhiéu thanh phan dong, c6 thé bao gdm cac hanh vi tinh todn nang, vi du nhiing
game RTS thuong can tinh todn dudng di cho hang tram tham chi hang ngan don vi.

e Ban thich cau trdc dir liéu va code cta ECS han. Cach nay duoc cho la dé hi€u va dé bao
tri hon OOP.

e Ban dang tao game multiplayer cé tinh canh tranh véi nhimng hanh déng nhanh nhu ban
siing, do d6 ban yéu cau mot may chd cé tham quyén va kha nang du doan phia may
khach dé tao ra trai nghiém tét cho ngudi chai. (Nhiing tinh ndng nay dugc ho trg bai
Netcode for Entities con Netcode for GameObjects thi khong).

Hudéng dan cua khoa hoc nay.

Ba huéng dan cua khoa hoc nay bao gom céac huéng dan cac sir dung co ban cua Entities va job
system.

Hudng dan dau tién, “Bat dau vdi job system cla Unity”, trinh bay cach sir dung C# job system,
Burst, Unity.Collections va Unity.Mathematics dé€ tao mot giai phap hiéu nang cao cho mét van dé
lién quan dén tinh todn nang trén CPU.

Huéng dan thir 2, “Hoc entities véi HelloCube”, di qua cac vi du v6 cling co ban dé tao va sir dung
entities.

Hudng dan th& 3, “Entities hanh dong: Tanks”, gidi thiéu mot mo phdng rat don gian vé viéc di
chuyén va ban dan cla khau phéo.

Tai liéu bo sung.

P& tim hiéu nhiéu hon vé DOTS, tham khao website.


https://youtu.be/KgcU2HBOXAw
https://unity.com/dots

Bat dau véi Job System

Muc tiéu

Hudng dan nay gidi thiéu nhirng nguyén tac co ban vé cach sir dung jobs dé tan dung Igi thé cla
CPU da nhan.

Két thic khda hoc nay ban sé cé thé:
e Tao, lap lich va két thuc jobs “don luong” (single-threaded).
e Tao, lap lich va két thuc jobs song song.

e Lén lich cho céac jobs phu thubc cac jobs khac.
e SU dung NativeArrays.

Téng quan

Hudng dan nay gidi thiéu nhirng nguyén tac co ban vé cach sir dung jobs dé tan dung Igi thé cla

CPU da nhan. Ching ta sé di tng budc qua mau Jobs tutorial trong Entity Component Samples

repository trén GitHub.
Trong mau nay, ban sé bat dau véi Seekers (cuc xanh) va Targets (cuc dé) méi cuc di chuyén cham
theo huéng ngau nhién trén mat phang 2D. Céng viéc cla ban la vé dudng debug mau trang tir

Seeker téi Target gan nhat theo thoi gian thuc.

Dau tién ban sé dugc xem cach xi ly van dé ma khéng s dung jobs. Sau dé ban sé hoc cach giai
quyét vdi jobs, va ching ta sé nhin vao profiles dé€ xem hiéu nang dugc cai thién.

Trudc khi bat dau

Hudng dan nay gia dinh rang ban c6 hi€u biét co ban vé C# va GameObject, va ban da hoan thanh
huéng dan truéc dé cta khda hoc nay dé lam quen véi DOTS va entities.

Set up Project:

1. Tao project s&r dung mau 3D (URP) Template.
2. Cai package Collections thong qua Package Manager.

Thém package Collections dong thai tu déng thém Burst va Mathematics nhu mét rang budc


https://github.com/Unity-Technologies/EntityComponentSystemSamples/tree/master/EntitiesSamples/Assets/Tutorials/Jobs
https://github.com/Unity-Technologies/EntityComponentSystemSamples/
https://github.com/Unity-Technologies/EntityComponentSystemSamples/

Tao Seekers va Targets di lang thang
trén mat phang 2D

Dau tién, can dinh nghia cdc MonoBahaviour don gian di chuyén theo huéng ngau nhién. Tham
khdo code dudi day.

1. Tao script oj.cs va thém code

private Vector3 Direction;
public float Speed = 100f;
public float TimeCounter = Of;

private void Start()

{
Direction = new Vect or 3( Random Range(-1f, 1f), 0, Random Range(-1f, 1f)).nornmali zed;
}
public void Update()
{
Ti neCounter += Tine. del taTi ne
if (TimeCounter > 3)
{
Direction = new Vect or 3( Random Range(-1f, 1f), 0, Random Range(-1f, 1f)).normali zed,
Ti meCounter = O;
}
transformlocal Position += Direction * Tine.deltaTime * Speed;
}

2. Tao script Seeker.cs va Target.cs k& thlra oj . cs
3. Tao 2 prefab Seeker va Target chfa component Seeker va Target

usi ng Uni t yEngi ne;
public class Spawner : MnoBehavi our

{
public static Transforni] Target Tr ansf or s;
public static Transforn{] Seeker Transforns;
publi ¢ GaneCbj ect Seeker Pref ab;
publi c GanmeCbj ect Tar get Pref ab;
public int NunfSeekers;
public int Nunilargets;
public Vector2 Bounds;
public void Start ()
{
Random | ni t St at e(123);
Mat eri al PropertyBl ock seekerPropertyBl ock = new();
seeker PropertyBl ock. Set Col or ("_BaseCol or", Col or. bl ue);
Mat eri al PropertyBl ock targetPropertyBl ock = new();
tar get PropertyBl ock. Set Col or ("_BaseCol or", Col or.red);
Seeker Transfornms = new Transf or nf NunSeeker s] ;
for (int i =0; i < NunBSeekers; i++)
{
GanmeCbj ect go = Instanti ate(SeekerPrefab);
Seeker Transforns[i] = go.transform
go.transform | ocal Position = new Vect or 3( Random Range(0, Bounds.x), 0, Random Range(O0,
Bounds. y));

Renderer renderer = go. Get Conponent <Renderer>();



render er. Get PropertyBl ock(seeker PropertyBl ock) ;
render er. Set Propert yBl ock(seeker PropertyBl ock) ;

}
Target Transforns = new Transfor n{ Nunirar get s] ;
for (int i = 0; i < Nunfargets; i++)
{
Gane(hj ect go = Instantiate(TargetPrefab);
Target Transforns[i] = go.transform
go.transform | ocal Position = new Vector 3( Random Range(0, Bounds.x), 0, Random Range(O0,
Bounds.y));
Renderer renderer = go. Get Conponent <Renderer>();
render er. Set PropertyBl ock(target PropertyBl ock);
}

4. Tao GameObject Spawner. Thém component Spawner va dién cac théng soé can thiét.

Nhan play va ban sé thay cac khoi xanh dé di lang thang nhung chua thdy duong debug mau trang
ndi Seeker va Target.

Tim Target gan nhat khong st dung
jobs

Pé& tim Target gan nhat cho moi Seeker va vé dudng debug trang gilra chiing ta can mot
MonoBehaviour khac. D€ tao MonoBehaviour nay tham khao phan dugi day:

1. Tao script Fi ndNearest. cs

usi ng Uni t yEngi ne;
public class FindNearest : MnoBehavi our

{
public void Update()

{
/1 Find the nearest Target.
/1 \When conparing distances, it's cheaper to conpare
/'l the squares of the distances because doing so
/1 avoi ds computing square roots.
foreach (var seekerTransformin Spawner. Seeker Tr ansf or ns)

{
Vect or 3 seeker Pos = seeker Transform | ocal Position;
Vect or 3 near est Target Pos = default;
float nearestDi st Sq = fl oat. MaxVal ue;
foreach (var targetTransformin Spawner. Target Tr ansf or ns)
{
Vector3 of fset = target Transform | ocal Position - seeker Pos;
float distSq = offset.sqrMagnitude;
if (distSq < nearestDi stSq)
{
near est Di st Sq = di st Sq;
near est Tar get Pos = target Transform | ocal Posi tion;
}
}
Debug. Drawli ne( seeker Pos, near est Tar get Pos) ;
}



2. Tao GameObject FindNearest va thém component FindNearest

Trong Update, véi mo6i Seeker. MonoBehaviour kiém tra khodng cach véi tat ca cac Target dé tim ra
Target gan nhat va vé duong debug.

Note: Dé thay duong debug ban can bat Gizmos trong Scene view hodc Game view

Day la profile cta 1frame chay véi 1000 Seekers va 1000 Targets. T6ng thoi gian cho tim kiém
khodng 126ms cho mdi frame

RO rang day khong phai la mét két qua tot nhung k cé gi ddng ngac nhién khi giadi phap nay su
dung phuong phap N2 chi chay trén main thread.

Tim Target gan nhat st dung jobs
single-threaded

Bang cach dat mot céng viéc khé vao job. Ban cd thé di chuyén cdng viéc tlr main-thread téi cac
worker thread. Va ban c6 thé Burst-compile code. Jobs va Burst-Compiled code khoéng thé truy cap
bat ky object dugc quan ly nao (Bao gdém GameObject va GameObject component), nén trudc tién
ban phai copy tat ca dit liéu can x ly badi job vao collections khéng bi quan ly vi du nhu
NativeArrays.

Note: Nghiém tlc ma ndi thi jobs cé thé truy cap cac object dugc quan ly nhung lam nhu vay yéu
cau su quan tam dac biét va dé thuong khéng phai y tudng hay. Bén canh dé chidng ta muén Burst-

compile job nay dé tang toc va Burst-compile code chac chan khéng thé truy cap object bi quan ly.

Note: Mac du chiing ta van cé thé sir dung Vector3 va Mathf nhung nén thay thé bang float3 va
math tir Mathematics package, da dugc t6i uu dac biét cho Burst.

Dé chuyén sang job, thuc hién cac budc sau:

Tao FindNearestjob.cs



usi ng Unity. Burst;
using Unity. Coll ections;
using Unity. Jobs;
/1 We'll use Unity. Mathematics.float3 instead of Vector3,
/1 and we'll use Unity.Mathenatics. math. di stancesq instead of Vector3.sqrMagnitude.
usi ng Unity. Mat hemati cs;
/1 1nclude the BurstConpile attribute to Burst conpile the job.
[ Bur st Conpi | €]
public struct FindNearestJob : |Job
{
/1 Al of the data which a job will access should
/1 be included inits fields. In this case, the job needs
/'l three arrays of float3.
/1 Array and collection fields that are only read in
/1 the job should be marked with the ReadOnly attribute.
/1 Al'though not strictly necessary in this case, nmarking data
/'l as ReadOnly nmy allow the job scheduler to safely run
/1 more jobs concurrently with each other.
[ ReadOnly] public NativeArray<fl oat3> Target Positions;
[ ReadOnl y] public NativeArray<fl oat 3> Seeker Positions;
/| For SeekerPositions[i], we will assign the nearest
/] target position to NearestTargetPositions[i].
public NativeArray<fl oat 3> Near est Tar get Posi ti ons;
/1 'Execute' is the only method of the I|Job interface.
/1 \When a worker thread executes the job, it calls this nethod.
public void Execute()
{
/1 Conpute the square distance fromeach seeker to every target.
for (int i = 0; i < SeekerPositions.Length; i++)
{
float3 seekerPos = SeekerPositions[i];
float nearestDistSq = float. MaxVal ue;
for (int j = 0; j < TargetPositions.Length; j++)
{
float3 target Pos = TargetPositions[j];
float distSq = nath. di stancesq(seekerPos, targetPos);
if (distSq < nearestDi st Sq)
{
near est Di st Sq = di st Sq;
Near est Tar get Posi tions[i] = targetPos;

Trong method Execute() van s dung logic N2 , nhung bay gi¢ vi n chay trén Burst-compiled job.
Job sé an it thoi gian xtr ly cia CPU hon va c6 thé chay trén worker thread thay vi main thread.

Dé& chay job, khai tao va lap lich cho né.

using Unity. Col | ecti ons;

using Unity. Jobs;

usi ng Unity. Mat hemati cs;

usi ng Uni t yEngi ne;

public class FindNearest : MonoBehavi our

{
/1 The size of our arrays does not need to vary, so rather than create
/'l new arrays every field, we'll create the arrays in Awake() and store them
/1 in these fields.
Nat i veArray<fl oat 3> Tar get Posi ti ons;
Nat i veArray<fl oat 3> Seeker Posi tions;
Nat i veArray<f| oat 3> Near est Tar get Posi ti ons;



public void Start ()

{

Spawner spawner = Cbj ect. Fi ndObj ect OF Type<Spawner >() ;

/1l We use the Persistent allocator because these arrays nust

/1 exist for the run of the program

Target Posi ti ons = new Nati veArray<fl oat 3>(spawner. NuniTargets, Allocator. Persistent);

Seeker Posi tions = new NativeArray<fl oat 3>(spawner. NunSeekers, Allocator. Persistent);

Near est Tar get Posi ti ons = new Nati veArray<fl| oat 3>( spawner. NunSeekers, Al | ocator. Persistent);
}

/1 W are responsible for disposing of our allocations
/1 when we no | onger need them
public void OnDestroy()

{
Tar get Posi ti ons. Di spose();
Seeker Posi tions. Di spose();
Near est Tar get Posi ti ons. Di spose();
}
public void Update()
{
/'l Copy every target transformto a NativeArray.
for (int i = 0; i < TargetPositions.Length; i++)
{
/1 Vector3 is inplicitly converted to float3
Target Positions[i] = Spawner. Target Transforns[i].| ocal Position;
}
/'l Copy every seeker transformto a NativeArray.
for (int i = 0; i < SeekerPositions.Length; i++)
{
/1 Vector3 is inplicitly converted to float3
Seeker Positions[i] = Spawner. Seeker Transforns[i]. | ocal Position;
}
/1 To schedule a job, we first need to create an instance and populate its fields.
Fi ndNear est Job findJob = new Fi ndNear est Job
{
Tar get Posi ti ons = Target Positions,
Seeker Posi tions = Seeker Positions,
Near est Tar get Posi ti ons = Near est Tar get Posi ti ons,
b
/1 Schedul e() puts the job instance on the job queue.
JobHandl e findHandl e = findJob. Schedul e();
/1 The Conplete nethod will not return until the job represented by
/1 the handl e finishes execution. Effectively, the main thread waits
/1 here until the job is done.
fi ndHandl e. Conpl et e();
/1 Draw a debug line fromeach seeker to its nearest target.
for (int i =0; i < SeekerPositions.Length; i++)
{
/Il float3 is inplicitly converted to Vector3
Debug. Drawli ne( Seeker Posi ti ons[i], NearestTargetPositions[i]);
}
}

Nhin lai profile Update chi tén 2.5ms cho ca qua trinh vGi Burst-Compilation bat.



Luu y rang vdi cach nay cac jobs déu chay trén main thread. Diéu nay cé thé xay ra khi goi
Complete() mot job chua dugc rut ra khoi hang doi. Béi vi main thread sé & trang thai khong hoat
dong khi cho job két thic nén main thread c6 thé chay job dé.

Thém moét luu y la thoi gian d€ update cho Seeker va Target MonoBeviour cling rat quan trong, dac
biét khi tang so lugng Seeker va Target. Day chi yéu la chi phi dé cap nhéat riéng Ié cho ting
MonoBehaviour. Giadi phap tot nhat la cap nhat tat ca trong 1 update (Tot hon nira la s dung
Entities d€ thay thé GameObject, mac du diéu nay di qud muc tiéu cta hudng dan nay).



