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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"
Answer
int 42

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

m Scene Hierarchy 1 Parent Child
m Graph — Tree Structure
[Ent#1]| |Ent#2]

m Nodes = Entities I I
L v v ¥
m Links = Hierarchy [Ent#3] [Ent#4] [Entss] |

m Parent-Child Relationship

‘= Hierarchy
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THE OTHER HIERARCHY

) i A .
m Hierarchy of Objects e o
m Non-Cyclic Graph

|Enemy| | Item |

m Nodes = (Proto) Types | |

Q u ” J O v v v
m Links = “Is a” Relationship [orc | [Broom| [sword]

A
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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
Size of Hierarchy
Hierarchy Depth
Growing Complexity
Monolith Anti-Pattern
Data Duplication
Parallelism & Serialization
Memory Layout

v v v v v

v v v v v v v v
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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 )| L3:L2:L1 cPu ‘f>,' (512KBicore) " °
OxmimL?:;y e | PIR T 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 ~.1ms \
SSD Line 1
Media Line 0 | $0A10218/ -Grg 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

m “Getting the Data is the Problem” EnemyData
m DOD = Focus on the Data ( ;
m Data Locality & Caching
m AoS vs SOA

m Data Use Pattern

m Parallel Processing

ERgmyBata Cache Line [T T TTITTTTITTITT]
IHIB : |8 iB%g Array of | | | | | o
%e = ] | é | é | 2 | g | 8 | f | g'.‘ Structu res 1 1 1 1 1 1 1 ] 1 ]
chet--£.. 3
acn Va8 — VLT Structure of
+ ArrayS T D e e N
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HIERARCHY THROUGH COMPOSITION

__________________________________

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

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

m Blueprints vs Classes étfr’:]‘p C';tj;’p Enemy) .
m Positives: i T A
» Implicit Decoupling ~ fmmemmemsesseeseoosoesocfeoceooooooeoon s .
» Parallelism & Serialization '
» Flat Hierarchy
» Prevents Bloat
» Cache Friendly
m Negatives:
» Unusual Paradigm
» New Anti-Patterns T Eree
» Requires Implementation [ e<Ene () .health += 1
» Potential Overhead )

Comp
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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

= Hierarchy

(i v Audio Listener

Universal Additional Camera Data (Script)

Add Compol
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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
m Limited Editor Support
m — DOTS

= Hierarchy
4
< New Scene
) Main Camera
f) Directional Light
Ff Cube
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ATA-ORIENTED TECHNOLOGY STACK

NBody

Loweris better

m Target — Performance

m Multi-Core & Acceleration -

m Suit of Tools: o
> Entities e
» Collections
» Mathematics .
» Jobs
> Burst ¢ acc Clang 12 MonoJT RyuIT
» 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

1000 [tttk Sl
O - O
Processor-Memory
Performance Gap
10 B T e
DRAM
1 : — t —t
O~ M T ONDVDDO— QAU®MITONDDO
O 00 000 O OV W WV XVPVDNDDDHDDDDDD DO
DO DD DDIDODIIDD OO DO OO
—Frr rrrrrrrrrTrrr e W™

Source: A case for intelligent RAM

duction to Game Development as Polasek, Martin Cadik


https://gameprogrammingpatterns.com/data-locality.html
http://gameprogrammingpatterns.com/component.html
https://www.dataorienteddesign.com/dodmain/
https://www.youtube.com/watch?v=KuGRkC6wzMY




REFERENCES |

[1]
[2]

(3]

(4]

[5]

Logo: Adapted from work by Pablo Carlos Budassi and NASA

EPIC GAMES. UNREAL ENGINE 4 DOCUMENTATION. https://docs.unrealengine.com/.

JASON GREGORY. GAME ENGINE ARCHITECTURE, SECOND EDITION. 3rd. USA: A. K. Peters, Ltd.,
CRC Press, 2018. ISBN: 1351974288.

JUAN LINIETSKY AND ARIEL MANZUR. GODOT DOCS.
https://docs.godotengine.org/en/stable/index.html.

R. NYSTROM. GAME PROGRAMMING PATTERNS. UK: Genever Benning, 2014. ISBN:
0990582906.

UNITY TECHNOLOGIES. UNITY USER MANUAL.
https://docs.unity3d.com/Manual/index.html.


https://commons.wikimedia.org/wiki/User:Unmismoobjetivo
https://commons.wikimedia.org/wiki/File:Milky_Way_Galaxy.jpg
https://docs.unrealengine.com/
https://docs.godotengine.org/en/stable/index.html
https://docs.unity3d.com/Manual/index.html

	The Hierarchy
	Hierarchy in Unity
	Appendix
	References


