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WHAT IS A GAME ENGINE?

m Reusable Software — Platform
m Goal: Simplify Game Development
m There is OneThere are Many

m Build Your Own?
m “Choosing the Right Tool for the Job”
» Licensing & Royalties

» Internal tools 4 GODOT

» Ecosystem Integration UNREAL
» Target Platform D et

» Game Genre, Style, Gameplay

>

Community
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GAME ENGINE SOFTWARE

m “Fun Activity” vs “Soft Real-Time Simulation”
m Game Engine = Runtime + Tools

m Gamut of Reusability K
m Generality x Optimality ;I

The Engine The Game

Single Similar Single Any
Game Games Genre Genre
t J J t Unity
Tetris Doom Engine id Tech 3 Unreal Engine 4

Source: Game Engine Architecture [1]
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ENGINE ARCHITECTURE




GAME ENGINE OVERVIEW

| Game-Specific Systems & Logic I12{ AN

m Complex Software Architecture
m Layers & Dependencies [Front End{10{ |Gameplay, Scripting, Flow {13"
m System Overview

Scene 14 JAnimation: 19

Debug Physics

. S
L Tools g _.)I Resource Management|

- | Core Systems |

Platform Independence
Low-Level SDK

Operating | Drivers

System
Hardware

'Jason Gregory — Game Engine Architecture [1]
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HARDWARE & OS

m Architecture, Optimization Operating System| S—
m Varied — Uniform | Security | Resources
m Operating System = Software Layer | Scheduling | Processes
m Drivers = Hardware Interface S
CPU | GPU | Memory
Acceleration | Storage

2
Source: Xbox 2001, Xbox Series S 2020
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LOW-LEVEL LIBRARIES

m APIs, SDKs, Standard Library, ...

Vukan Vo

DpenGL
" " d boost

Microsoft'

DirectXa fanod
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HOW STANDARDS PROLIFERAT

(scE: A/C CHARGERS, CHARACTER ENCODINGS, INSTANT Msssmwc 25

M?! RiDICULoLS)

WE NEED To DEVELOP

|| oNg UNERSAL STANDARD
SITUATION: || Tuimr coveRs EVERYONES
THERE. ARE ua-: CASES YEHH,

|4t COMPETING

STANDPRDS. E/%

Source: XKCD - Standards
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PLATFORM INDEPENDENCE LAYER

m Platform Independence

Platform Independence

m Unified Interface [ Fs [ Detection
m Multiplatform Development Threads | Wrappers
Network | Unification

HE Microsoft ';‘ 9
2rrs.  RRNewe: XBOX g! .o OI'

F‘Dwered by EA

@XBOXONE  @Arcade o P8 |OS GOG.COM e
| N >
272ra amonn ™™ , Nintendo
magic h
@ STEAMVR  <SINVIDIA. ﬁ ‘ leq ' es Op ‘E‘
f', ARCore 04 VisualStudio ¢ & == ‘l —

Source: Unreal, Unreal Engine 5
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CORE SYSTEMS

m Library of Utilities =
. . ore Systems

m Base DebUggmg & Logging Debug| Log | |Memory
m Memory Management Profile| Test Math
m Data Types Parse | Types AT
m Serialization, RTTI, Parsing RTTI |Handles
m Mathematics — Transform, Geometric, Solvers
|

Player player = new Player(); {

player.level = 1; CUEnEE g

player.health = 100.0f; sl 1ERGy

"name": "Thomas"

player.name = "Thomas";
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RESOURCE MANAGEMENT

m Unified Data Access

Tools
m Resources & Assets Caet
. . . Toolchain | |Structured
m Toolchain — Pipeline — Assets — _
Pipeline Graphics

m “Mark of Style” Sound

Resource Management

| Manager |
Load Resources
Cache Assets

Source: Unity Manual - Asset Workflow
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DEBUGGING & PROFILING

m Complexity — Bugs

m What is Wrong? Debug [pse Server
. . Statistics
m Instrumentation & Logging m Playback
m Playtime Statistics, Core Dumps Logging | Cheats
m Remote Debugging & Profiling Instrumentation| Console

thom 157

-
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HUMAN INTERFACE DEVICES

m Input & Output
m Raw /0 — API
m Wide Range

m Device Sensors
m User Feedback

Motion

Orientation

Digital
:

Analog
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RENDERING ENGINE

m Visualization of the Game
m “From Zero to Mirrors”

m Scene Graph

m Materials, Effects, Lighting
m Interface Rendering

b

Source: Vulkan Samples EIXDES Source: Cybgrptink 2077
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Rendering Engine

Renderer

|Camera Viewport

| Graphics APl |Shaders

Scene Graph

Occlusion

LOD |

Spatial Hierarchy

Effects

Particles| Lighting

Materials|Shadows| Shading

Interface
Ul |Font

|HUD|Menu| video
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PHYSICS

| CO[[I?IOI’I I?etectpn — Resolution Physics | Havok] PhysX

m Physical Simulation [ Coliision

u Simpliﬁed Models |Simu|ation|Constraint|

m Static & Dynamic Objects Rigid| Soft [Cloth Ragdoll
Dynamics | Statics

Phys

by NVIDIA
e PHYSWCS LIBRARY

»

) -

.—"’7
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ANIMATION

m Making Things Move

m Animation vs Physics Animation
m Kinematics & Dynamics Texture| Rigid [Skeleton
m Rigging, Skinning Sprite | Vertex | Morph
e BT B 0 [ e
< - \ l / o~ | & y gging
‘a8 -
\ ,./J! » ‘\\ %1
\ ‘.\\ )

Source: Unreal, Unity
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NETWORK

m Network Stack Network

m Frontend x Backend Latency | [VolP

m Latency, Replication, Authority Frontend| |Authority| |Chat
Backend| [Replication
MatchMaking |Infrastructure

Source: Unity
© 2023, Tomas Polasek, Martin Cadik 14 [ 32
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AuDIO

m Often Neglected
m Fidelity & Procedural
m Realistic Modeling

Audio | Processing | Mixing

|Effects| | Model |
|Playback| |Procedural |
| Filters | |Spatial|

: REAL-TIME PHYSICS

Source: AMD TrueAudio Next
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SCENE

m Graph Data Structure —
m World Hierarchy Level

m Entity-Component-System Transition
m Composition & Linking

' Hierarchy
v € SampleScene”

& Main Camera
£ Directional Light
& Parent
@ Child 1
@ Chila 2
@Chid3

Composition

Linking

Components

Source: Unity
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FRONT END

m Ul & UX F

ront End
m Aural Feedback Ul Tux] Text Data
m Widgets, Layouts Widget|[Format| | Binding

m Data Binding

Source: Unity Ul Builder
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GAMEPLAY FOUNDATION

m Framework for Building the Game G :

L. . ameplay Foundation
m Scripting Utilities [Fsm
m Low-Level — Gameplay Framework" Event | |F|0W
m Game Object Hierarchy |Scripting|[Message]| world
m Game Loop [2] X|Binding| | Board [[Hierarcny

mmmmmmmmm ontne bos Tecases L searcn

| PROCESS
180 PUT

Source: Robert Nystrom — Game Programming Patterns Source: Godot Visual Scripting
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https://gameprogrammingpatterns.com/game-loop.html

GAME-SPECIFIC SYSTEMS

m This is The Game -
. Game-Specific Systems
m Gameplay Implementation Logic [Control Loy

Style | Feel The
Game

Genre [Camera
Mechanics| Al

19 [ 32
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UNITY ENGINE




WHAT IS UNITY?

m Game Engine
m Development Platform
m Documentation & Community

m Why Unity? QunityAssetStore  Asses+  Tookse  Senices~  ByUny<  ncustfes el

sssssssssssssss

4 Over 11,000 fve-star assets @ Rated by 85,000+ customers

© Supporied by 100,000+ forum members

;; GaiaPro2021- Terrain & Scene

Generator

@ prococur s etk 527 | w )

| $289

Updsted price ond taxes/VAT calcuoted ot checkout
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WHICH TO CHOOSE?

m AAA & Realistic — Unreal Engine
m Agile & Indie — Unity Engine

m Non-Programmer — Game Maker
m Open & Free — Godot Engine
m Learn Engine-ering — Roll Your Own

m Learn GameDev — Unity Engine
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ADDITIONAL RESOURCES

m [Thesis] James Lear: The Video Game Asset Pipeline
m [Online] Robert Nystrom: Game Loop
m [Online] Unity: Order of Execution for event functions

Source: Statista — The Most Important Gaming Platforms
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https://www.statista.com/chart/4527/game-developers-platform-preferences/
https://uwe-repository.worktribe.com/OutputFile/7203977
https://gameprogrammingpatterns.com/game-loop.html
https://docs.unity3d.com/Manual/ExecutionOrder.html
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