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THE HIERARCHY




GAME WORLD

m Virtual Universe = Entities + Data + Structure

» Entity — Unique Existence
» Data — Information without Meaning
> Structure — Meaning and Logic

m Attributes, Properties
m Relations & Interactions

The Universe

Name
| Entity #12743 str |"Deep Thought"
LUSE
int 42

Name
|Entity #454367'—) str [ "Arthur Dent"
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THE HIERARCHY

m Scene Hierarchy 1 Parent Child
m Graph — Tree Structure
m Nodes = Entities [Ent#1]  [Entr]

— =
w Links = Hierarchy [Ent#3| [Ent#4| [Ent#s],
m Parent-Child Relationship

= Hierarchy 2k
+v oo &
+ R Scene :
¥ (0 Ent #1
0 Ent #3
D EM#4
v (P Ent#2
D EM#5
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THE OTHER HIERARCHY

. o A .
m Hierarchy of Objects Fg;;igt (GameObject CS|::S
m Non-Cyclic Graph Eremy| [fem |
m Nodes = (Proto) Types | [
M 4 ”n . M * * *
m Links = “Is a” Relationship [orc | [Broom]| [sword] |

class GameObjectclass Enemy : GameObject

{/ ... =/ } { int mHealth; }
class Item : GameObject

{ int mCost; }
class Orc : Enemy

{ Orc() { mHealth = 12; } }
class Sword : Item

{ Sword() { mCost = 17; } }
class Broom : Item

{ Broom() { mCost = 12; } }
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THE GAMEOBJECT

m GameObject = Base for All Game Objects [1, 2, 3, 5]
m Hierarchy — Behavior and Data
m Inheritance x Composition
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HIERARCHY THROUGH INHERITANCE

m Class Hierarchy — OOP
m Behavior & Data
m Positives:
> Simple to Reason About
> General Experience
> Single Package
> Supported by Default
> Object Identity
m Negatives:

Multiple Inheritance class Broom : Item

Size of Hierarchy { Broom() { mCost = 12; I
Hierarchy Depth class Broom : EnemyItem

Growing Complexity { Broom() { mHealth = 3; mCost = 12;

Monolith Anti-Pattern
Data Duplication
Parallelism & Serialization
Memory Layout

vV vV VvV vV VvV VvV VvV vV
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CONSIDER MEMORY

m Hierarchy of Memory A
m Why? — Memory Architecture [2]
m Caching & Locality ~1 KB /R <5ns
(~100B/core)
m Memory Gap 384 KB~1 ns
(64KB/core)
————— CcPU 3 MB ~3
Main w4)|L3:L2: L1 CPU ‘f>,' (512KBicore) ns °
OxmimL?:;y e | PIRT EE ] Registers § /2 MB L3 Cache ~12 n& §-
0xF8000 0-255 ) (&)

/ 128 MB( L4 Cache )~40 ns \

/8-32 GB Main Memory  ~60 ns\

0x007FF | ine
0x00000_0-255

$5-10 / GB
Line 3 - -
HDD Line 2 / $0_11752/'GFESOI|d State Drive ~.1 ms \
S1) Line 1
Media Line 0 | $0A10218/ -GFE Hard Drive ~3 ms

Source: CS 131: Fundamentals of Computer Systems
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https://cs.brown.edu/courses/csci1310/2020/assign/labs/lab4.html

DATA ORIENTED DESIGN

“Getting the Data is the Problem” struct EnemyData

[ ]
m DOD = Focus on the Data
m Data Locality & Caching
m AoS vs SoA

m Data Use Pattern

m Parallel Processing

{ float hp; short id; byte pad[2]; }

struct EnemyDatasAoS

{ EnemyData[] d; }

struct EnemyDataSoA

{ float[] hps; float[] ids; }

Cacheline [T TTTTTTTTTTTTTT]

Array of |||||
Structures

Structure of
Arrays
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HIERARCHY THROUGH COMPOSITION

..................................

m Entity-Component-System {Broom
m Entities = “Instances”

m Components = Just Data
m Systems = Behavior & Logic :{> 5

° ltem Iltem [Enemy
] Blugprmts vs Classes Comp o | B
m Positives:. T R

Implicit Decoupling poseosooe- B ETEEEE EEEFEE PP PEEEEEEES
Parallelism & Serialization Rz e e e

»
»
O [ 1 1,
>
»

Prevents Bloat SHETUEE By
Cache Friendly L dnt dd; }
N t ) struct ItemComponent struct EnemyComponent
u ega Ives: X { int cost; } { int health; }
> Unusual_Paradlgm class RegenerationSystem
> New Anti-Patterns { (Entity e) =>
L Requires Implementation { e<EnemyComponent>().health += 1; }
> Potential Overhead }
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http://gameprogrammingpatterns.com/component.html

HIERARCHY IN UNITY




GAMEOBJECT HIERARCHY

m “The Default”

m Hybrid OOP with Components

» GameObject = Empty Container

» Component as Base

» Behavior can be Enabled

» MonoBehavior adds Functionality
» Not so Empty — Transform

m Editor Integration

duction to G

= Hierarchy
Gl o A
v <) New Scene
Ff1 Main Camera
7 Directional Light

Development

@ Inspector  GitHub B
@ ¥ Main Camera Static
- Tag MainCamera > Layer Default
v A Transform @ 3
Position X 0 i 1 Z -10
Rotation X 0 Y0 Zo
Scale ®2 X1 i 1 Z1
v W v Camera [ B
Render Type Base
Projection a
Projection Perspective
Field of View Axis  Vertical
Field of View L 60
Clipping Planes ~ Near 0.3
Far 1000

Physical Camera

Rendering
Stack
Environment
Output

#

(i ¥ Audio Listener e
v Universal Additional Camera Data (Script) (]

T+

Add Component
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ENTITIES HIERARCHY

m “Experimental”

m Pure Entity-Component-System
» Entity = Identifier
» Component = Pure Data
» System = Logic & Behavior
» World = Entity Groups

m Creation vs Conversion Workflow

O Inspector GitHub = -

q

Local To World
| ’

Rotation
m Limited Editor Support ,
Translation
m — DOTS { 1.2 2118
‘E Hierarchy 2 ! S Entites @& Systems :
+v @l B Default World* Q,
v % New Scene -

! Main Camera
&g ! Directional Light
) Cube

) GameObject Scene: New Scene
() WorldTime
) Cube
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DATA-ORIENTED TECHNOLOGY STACK

m Target — Performance

m Multi-Core & Acceleration
m Suit of Tools:

» Entities

» Collections

» Mathematics

> Jobs

> Burst

» And Others Source: BurstBenchmarks GitHub
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https://github.com/nxrighthere/BurstBenchmarks

ADDITIONAL RESOURCES

m [Article] Robert Nystrom: Data Locality

m [Article] Robert Nystrom: Component

m [Book] Richard Fabian: Data-Oriented Design

m [YouTube] Luna Meier: Options for Entity Interaction
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https://gameprogrammingpatterns.com/data-locality.html
http://gameprogrammingpatterns.com/component.html
https://www.dataorienteddesign.com/dodmain/
https://www.youtube.com/watch?v=KuGRkC6wzMY
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