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Kdo jsme?

Pracujeme v Bohemia Interactive jako gameplay
programatori.

Nas projekt je Ylands -- sandboxova hra a platforma
pro vytvareni vasich vlastnich her.

V soucasné dobé na Steamu v Early Accessu.
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1. Rozlozeni paméti struktur

CPU cache

Datové orientovany design
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Unity DOTS (Entity Component System)
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Rozlozeni paméti struktur

public struct NPCData

{
public Vector3 Position;
public byte IsPositionCurrent;
public Quaternion BodyOrientation;
public byte IsOrientationCurrent;
public int Health;
public byte HasEverTakenDamage;
public int Damage;
public byte HasEverShot;
public Quaternion HeadOrientation;
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Rozlozeni paméti struktur

unsafe

{

Debug.Log(sizeof (NPCData));
}
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Rozlozeni paméti struktur

public struct NPCData

{
public
public
public
public
public
public
public
public
public
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Quaternion BodyOrientation;
Quaternion HeadOrientation;
Vector3 Position;

int Health;

int Damage;

byte IsPositionCurrent;
byte IsOrientationCurrent;
byte HasEverTakeDamage;
byte HasEverShot;
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Rozlozeni paméti struktur

unsafe

{

Debug.Log(sizeof (NPCData));
}
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Rozlozeni paméti struktur

12 bytd méné - pro¢?
Odpovéd je rozlozeni paméti

C# (stejné jako C/C++) jde shora doll a sklada prvky struktur do paméti vtomto
poradi

Kazdy datovy typ ma pfrirozené zarovnani, které musi byt dodrzeno, aby CPU mohl
Cist a zapisovat pamét efektivné.

Pokud neni pamét zarovnana, namisto jednoduchého &teni/zapisu musi CPU
precist vice blokl pameéti, aplikovat masku, bit shift a OR operaci.

' i / ) Bohemia / LS 2019 05/ Rozlozeni paméti struktur

Interactive




Rozlozeni paméti struktur

public struct WrongLayout

{

public
public
public
public
public
public
public
public
public

Vector3 Position;

byte IsPositionCurrent;
Quaternion BodyOrientation;
byte IsOrientationCurrent;
int Health;

byte HasEverTakenDamage;
int Damage;

byte HasEverShot;
Quaternion HeadOrientation;
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Rozlozeni paméti struktur

public struct WrongLayout
{
— public Vector3 Position;
public byte IsPositionCurrent;
public Quaternion BodyOrientation;
public byte IsOrientationCurrent;
public int Health;
public byte HasEverTakenDamage;
public int Damage;
public byte HasEverShot;
public Quaternion HeadOrientation;
}
Vector 3
(3 floats)
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Rozlozeni paméti struktur

public struct WrongLayout
{
public Vector3 Position;
— public byte IsPositionCurrent;
public Quaternion BodyOrientation;
public byte IsOrientationCurrent;
public int Health;
public byte HasEverTakenDamage;
public int Damage;
public byte HasEverShot;
public Quaternion HeadOrientation;
}
Vector 3
(3floats) ~ Pvie
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Rozlozeni paméti struktur

public struct WrongLayout
{
public Vector3 Position;
public byte IsPositionCurrent;
— public Quaternion BodyOrientation;
public byte IsOrientationCurrent;
public int Health;
public byte HasEverTakenDamage;
public int Damage;
public byte HasEverShot;
public Quaternion HeadOrientation;
}
Vector 3
(3floats)  PYte
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Rozlozeni paméti struktur

public struct WrongLayout

{
public Vector3 Position;
public byte IsPositionCurrent;
— public Quaternion BodyOrientation;
public byte IsOrientationCurrent;
public int Health;
public byte HasEverTakenDamage;
public int Damage;
public byte HasEverShot;
public Quaternion HeadOrientation;

}

Vector 3 bvte Quaternion (4 floats)
(3 floats) y + 3 bytes padding
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Rozlozeni paméti struktur

public struct WrongLayout

{
public Vector3 Position;
public byte IsPositionCurrent;
public Quaternion BodyOrientation;
— public byte IsOrientationCurrent;
public int Health;
public byte HasEverTakenDamage;
public int Damage;
public byte HasEverShot;
public Quaternion HeadOrientation;

}

Vector 3 '
ector byte Quaternion (4 floats)

(3 floats) + 3 pytes padding DYic
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Rozlozeni paméti struktur

public struct WrongLayout
{
public Vector3 Position;
public byte IsPositionCurrent;
public Quaternion BodyOrientation;
public byte IsOrientationCurrent;
— public int Health;
public byte HasEverTakenDamage;
public int Damage;
public byte HasEverShot;
public Quaternion HeadOrientation;
}

Vector 3 Quaternion (4 floats) int
3 floats) Pyt + 3 bytes padding byte ., 3 bytes
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Rozlozeni paméti struktur

public struct WrongLayout
{
public Vector3 Position;
public byte IsPositionCurrent;
public Quaternion BodyOrientation;
public byte IsOrientationCurrent;
public int Health;
— public byte HasEverTakenDamage;
public int Damage;
public byte HasEverShot;
public Quaternion HeadOrientation;
}

Vector 3 Quaternion (4 floats) int

byte
(3 floats) S + 3 bytes padding Dess3 by’[esy
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Rozlozeni paméti struktur

public struct WrongLayout
{
public Vector3 Position;
public byte IsPositionCurrent;
public Quaternion BodyOrientation;
public byte IsOrientationCurrent;
public int Health;
public byte HasEverTakenDamage;
— public int Damage;
public byte HasEverShot;
public Quaternion HeadOrientation;
}
Vector 3 byt Quaternion (4 floats) bt int pute int
(3 floats) yte + 3 pytes padding Y€ +3bytes” + 3 bytes
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Rozlozeni paméti struktur

public struct WrongLayout

{
public Vector3 Position;
public byte IsPositionCurrent;
public Quaternion BodyOrientation;
public byte IsOrientationCurrent;
public int Health;
public byte HasEverTakenDamage;
public int Damage;
— public byte HasEverShot;
public Quaternion HeadOrientation;

}

Vector 3 Quaternion (4 floats) int pyte int

byte
3 floats) Pyt + 3 bytes padding byt 3bytes” + 3 bytes )
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Rozlozeni paméti struktur

public struct WrongLayout
{
public Vector3 Position;
public byte IsPositionCurrent;
public Quaternion BodyOrientation;
public byte IsOrientationCurrent;
public int Health;
public byte HasEverTakenDamage;
public int Damage;
public byte HasEverShot;
— public Quaternion HeadOrientation;
}

Vector 3 Quaternion (4 floats) int int byte Quaternion (4 floats)

byte
(3 floats) S + 3 bytes padding Sl e bytesy + 3 bytes + 3 bytes padding
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L3 (1+D)

L2 (1 +D) L2 (I+D) L2 (I +D) L2 (1+D)

https://codeburst.io/understanding-hardware-to-push-performance-to-the-max-and-then-some-part-1-c048021114e3
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CPU CACHE

Instrukéni cache (LIi, L2, L3..))

Datové cache (L1d, L2, L3...)

L1 a L2 vétSinou samostatna pro kazdé jadro procesoru
L3 sdilena mezi jadry

L1, L2, L3 typicky SRAM

L4 ve specializovanych procesorech, DRAM, mimo CPU kostku
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NACITANI DAT DO CPU

Procesor dostane instrukci “precti data z adresy XYZ"
Data uz jsou v cache -> cache hit
Data nejsou v cache -> cache miss

Cache miss: Musime naalokovat misto v cache, precist data z RAM, pak teprve
precist do registra.

Vypocetné velmi naro¢né (zvlast u write-back systému)

Cache line - data jsou nacitana po blocich fixni velikosti

/ LS 2019
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CASOVA NAROCNOST TYPICKYCH OPERACI

Operace Cas
Cteni z L1 cache 0,5 ns
Provedeni instrukce 1ns
Branch misprediction 5ns
Cteni z L2 cache 7 ns

100 ns (200x pomalejsi nez L1

Cteni z RAM cachel)
Precteni 1 MB RAM sekvencné 250 000 ns
Precteni 1 MB SSD sekvencné 1000 000 ns

Precteni 1 MB HDD sekvencné

20 000 000 ns

/ LS 2019
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Interactive

PROBLEMY RYCHLOSTI PAMETI

CPU stall - Pri cekani na cache line nema CPU nic co na praci. Za ¢as, co CPU ceka
na data, by jinak zvladl zpracovat stovky instrukci - bottleneck

Mitigace: out-of-order execution - provadéni nasledujicich operaci, které nejsou
zavislé na ocekavanych datech.

Dale simultanni multithreading (napf. Intel Hyper-Threading) - zatimco aktivni
vlakno v CPU ¢eka na zdroje, po tu dobu mUzZe pracovat jiné vidkno.

/ LS 2019

21/ Problémy paméti



vy

DESIGN

4

S
<
2
-
Z
=
x
O
>
=
g
a




;

100000

10000

1000

Performance

100

10

Moore’s law effect

CPU performance

Gap grows at
50% per year

60%/yr

e T%/yr

Memory performance

Time

/774 Baheml_ahttps//motherboard.vice.com/en_us/article/3dkkx8/memory—is-ho|ding-up—the-moores—law—progression—of—processing-power
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DRUHY PROGRAMOVACICH PRISTUPU

Objektové orientované programovani - C++, C#, Java...
Funkcionalni programovani - Prolog, Lisp...

Proceduralni programovani - C

Datoveé orientované programovani - ?

/ LS 2019
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PRIKLAD DATOVE CACHE

class Character {
float HP; /4
float Stamina; / 4
Vector3 Position; / 3 floats -> 12
Quaternion Rotation; // 4 floats -> 16
bool IsAlive; // 1

If

class NPC: Character

{
Color HairColor; // 4 floats -> 16

/ LS 2019
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PRIKLAD DATOVE CACHE

class Character {
float HP; /4
float Stamina; / 4
Vector3 Position; / 3 floats -> 12
Quaternion Rotation; // 4 floats -> 16
bool IsAlive; // 1

If

class NPC: Character

{
Color HairColor; // 4 floats -> 16

/ LS 2019

class NPC size(56):

o m
0 | +--- (base class Character)
(%} | | HP
4 | | Stamina
8 | | Vector3 Position
20 | | Quaternion Rotation
36 | | IsAlive
| | <alignment member> (size=3)
| +---
40 | Color HaircColor

(generated on https://godbolt.org using
x64 msvc v19.15 with the
/dlreportSingleClassLayoutNPC compiler
option)
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https://godbolt.org

PRIKLAD DATOVE CACHE

for (int i=0; i< NPCCount; i++) {
NPCs[i].Move(deltaTime);

void NPC::Move(float deltaTime) {
Position.x += Al.xDir * deltaTime;
Position.y += Al.yDir * deltaTime;

Position.z += Al.MoveUp ? deltaTime : Of;

V @Bahenua / LS 2019 26/ Datové orientovany design
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|8 byte |8 byte |8 byte |8 byte |8 byte |8 byte |8 byte (8 byte | <- 64 byte cache line

NPCO  Position NPC1 N - -
Position NPC2  Position PRIKLAD DATOVE CACHE
NPC3  Position for (int i=0; i< NPCCount; i++) {
NPC4  Position NPCsli].Move(deltaTime);
NPC5  Position }
NPC6  Position
NPC7  Position void NPC::Move(float deltaTime) {
NPC8  Position NPC9 Position.x += Al.xDir * deltaTime;
Position NPC10 Position Position.y += Al.yDir * deltaTime;
NPC11 Position Position.z += Al.MoveUp ? deltaTime : Of;
NPC12 Position }

NPC13 Position

NPC14 Position

NPC15 Position

NPC16 Position NPC17
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Zapouzdreni (Encapsulation): Polymorfismus (Polymorphism):
Schovavani informaci Schopnost zpracovavat objekty
V podstaté jen read/write rdznymi zpUsoby v zavislosti na

jejich typu nebo tridé.
Dédi¢nost (Inheritance):

Tridy dédi ze svych predku Tridy (Classes):

RozSifovani, pripadné prepisovani Data + chovani v jedné “obalce”
vlastnosti predku

: g ) Bohemia = i :
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DOD

Nejcastéji vyuzivan pfri vyvoji her
Dlraz na usporadani dat v paméti

Neni o strukture kédu, ale o strukture dat: seskupeni dat podle vyuziti, ne podle
logického modelu

Minimum objekty, vétsinou jen systémy, které manipuluji s daty

Redukce cache missu - mitigace pomalé paméti oproti CPU
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struct Ball {

Point position;
Color color;

double radius;

void draw();

};

vector<Ball> balls;

y ;LL Bohgig / LS 2019
Interactive

Priklad : OOP vs DOD

Array of Structs (AoS):

31/ Datové orientovany design



struct Balls {
vector<Point> position;
vector<Color> color;

vector<double> radius;

void draw();

};

y ;LL Bolianirg / LS 2019
Interactive

Priklad : OOP vs DOD

Struct of Arrays (SoA):
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VYHODY DOD

Efektivni vyuziti cache CPU
Snadna paralelizace

Modularita

: g ) Bohemia =~ / '
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NEVYHODY DOD

Zcela jiny programovaci pfistup nez OOP
Nizké vyuziti vlastnosti jazyka

Netriviadlni propojeni s jiz existujicim OOP/proceduralnim kédem

/ LS 2019
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Unity DOTS (Data Oriented Technology Stack)

V Unity poprvé predstaven ve verzi 2018.1 jako experimentalni balicek.

Obsahuje tfi hlavni aspekty, které by mély vyraznym zpudsobem zlepsit vykon
vysledného produktu:

e Entity-Component-System (ECS): stara se o rozloZzeni paméti.

e C# Job System: multi-threading.

e Burst compiler: vysoce optimalizovany strojovy kdéd.

: Bohemia '
4 : élnteractive / £52072 35/ DOD v praxi
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Unity: Tradicni pristup

ECS je novy architektonicky navrh. Zaklada se na myslence, ze vyvojari zacnou

pouzivat DOD namisto klasického OOP.
Tradi¢ni pristup:

° GameObjects + Components + MonoBehaviour

/ LS 2019

Minion

Transform
Collider
Rigidbody
Animator

ChasePlayer.cs
Stealltems.cs

36/ DOD v praxi
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Entity Component System

RozloZeni objektl na rizné komponenty (pozice, rotace, pocet ZivotQ...)

Komponenty stejného typu (nezavisle na entité, ktera je vlastni) chceme vyrovnat
za sebe linearné do paméti -> idedlni na zpracovani velkého mnozstvi objektt

O zpracovani dat se staraji systémy, které pracuji nad mnozinou komponent

/ LS 2019
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Unity: Entity Component System

V ECS rozdélujeme celou strukturu hry na:

e  Entity: “ID”

° Komponenty: Struktury obsahujici pouze instance dat pro entitu. Neobsahuje
metody.

e  Systémy: Obsahuji funkcionalitu/logiku. Zodpovédné za update viech entit s

odpovidajici mnozinou komponent.

ECS garantuje linearni datovy layout - rychlejsi management dat.
Také separuje data od logiky - snadné&jsi aplikovani instrukci na velké mnozZstvi entit

paralelné.

/ LS 2019
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Unity: Entity Component System
y Position HP ( Al agent _
Player _ Components HP Al behaviour
XP L set filter: Position system
Position HP 4 1
Minion Components HP
Al agent set filter: Health system
g Y,
. a
Enemy || Position HP CaTaTErS o XP system
Boss Al agent set filter:
L )

.. https://softwaresintel.com/en-us/articles/get-started-with-the-unity-entity-component-system-ecs-c-sharp-job-system-and-burst-compiler
L=l eThId / LS 2019 39/ DOD v praxi



.  FPS: 28

Object count: 9000

Tradiéni pristup




ECS (+Burst)

43000

31
Object count

FPS




Code Quality Measurement:

WTFs/Minute
wTF wTF WTF
Q WTF »
\ N 7
o
WTF i
il
) K =
L9 ™~
ﬁh
Good Code Bad Code

http://commadot.com
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DEKUJEME ZA POZORNOST

xeniyavalentova@bistudio.com
filip.vondrasek@bistudio.com

Follow us on:

@ @bohemiainteract

@ facebook.com/Bohemialnteractive/

@ linkedin.com/company/bohemia-interactive/




