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« L » | Introduction to
= % Unreal Engine 4

= Game engines are no
, ‘ longer used (just) for
= games...




Recap of my life

(as developer, of course...)

(@)

(@)

1985

1996:
1998:
2000:
2001:
2007:
2008:
2016:
2016:
2016:

2019:

: New Coke, Back to the Future, Windows 1.0
MSX Basic -> started developing

First PC -> AMD K6 200MHz + S3 Virge DX
Visual Basic. Backup + Installers

ITIS -> Turbo Pascal, Assembler, C

CNR Pisa Trainee (OpenGL, Qt, C++)
Hypersoft -> TSim-X (C++/C#)

DigiCamere -> Web ( >_<)

Astron -> Astrophotography + Dev (C#)
Zuru -> C++ / UE4

Scuderia Ferrari -> C++

Who am L...?

Software developer, graphics aficionado,
photographer.

My current themes: cyberpunk, sci-fi, retro-futurism
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- What are game engines?

Also: what they’re used for and why you
should care




Game engines: software frameworks (also IDEs !)

MOVES BY ELOATING

CAN STILEL STEPR'IN

BEAR TRAPS
Hardware and OS Domain engines Game logic Runtime objects
abstraction layer
We want our game to Graphics, Physics, Audio Event-driven architecture Everything that is
run on any platform and Network are the 4 that allows the various spawned during the

main sub-engines that subsystems and actors execution of the game

Our engine should be compose any game to interact as result of
HW and OS independent engine user input
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Multiplatform & customizability
= = @ €

Easy to port on Tools for devs Can be used for The engine itself
other platforms and designers different games can be sold...
PC, Mac, Linux, Xbox, Terrain editing, bug RPG that is also an Profits are profits!
PlayStation, Switch, reporting, scripts, FPS that also makes Good engines are sold
VR... asset importing gamers use vehicles to other companies...

||||

Gopor () DECIMA
Nafie¥ Gomeengine Ib’

Game indust ' ,

_ Qs
Game engines are... well, used for games! mujrans- UNREAL RY=NGIN='3

ENGINE




Gl Traditional film production workflow

It is like playing an
instrument you don't
know and hearing the
music only weeks after
you hit the first note

Film industry

Tight schedules and lower budget drive interest
for RT rendering, while improving workflow

Want an example?

- =

Digital elements  Set lights don't Go back to
created in post  work with them  previous stages

Placed in scenes  Artists are finally able to  Waste of time and
already filmed visualize and choose money



Making film industry more Agile

Encourages a more iterative, non-linear and collaborative process
Filmmakers collaboratively iterate on visual details on the fly
Iteration begins much earlier in the production schedule

High quality imagery can be produced from the outset

Assets are cross-compatible and usable from pre-vis through final

output

Live production and VFX can occur in parallel

Digital Domain’s Virtual Human

Every hour of pre-production is worth two hours of production

Zach Alexander, founder and COO of Lux Machina



Constantly reaching for higher fidelity

Drawings and

watercolour Offline rendering
90s: CAD software Realtime rendering... ?
Saved architects, Customers wanted Rendering time for
engineers and designers  higher quality due to animations and stills

time and money films and CG drive interest for RT

ArchViz

Architecture found in RT rendering a solution to
the visualization problem




BMW brings mixed
reality to automotive
design

Ferrari and
Mackevision created a
realistic real-time
digital showroom

Porsche, together with Nvidia
and Epic, revealed a real-time
cinematic experience
introducing ray-tracing in a
game engine

Automotive

Car manufacturers use real-time workflows for

marketing, design and showrooms PORSCHE



Let’s start talking about UE4

One of the most popular and versatile game
engine




"

##tinclude "GameFramework/Actor.h”

ide "MyActor.generated.h"

SS()
AMyActor : publ AActor

AMyActor();

DeltaSeconds ) o

Unreal Engine 4

C++ development intro

Full access to the
engine’s source

Can be customized
and you can get
inspired

Everything can

be done in C++

Even UI, thanks to
Slate (but please,
don't...)

>

UE's Assisted
C++

Alternative to STL and
Boost. Epic affirms it's
easier to work with

>

Constantly
updated

A new engine version
every 4-5 months with
new features and fixes
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Two ways of programming in Unreal

1 Blueprints

O O
« Fast to learn (if unexperienced with c++) » Full access to UE4's source code
« Rapid prototyping « UE4's assisted C++
« Mandatory for UI « Fast execution
o CONS  Flexibility
. Slower execution « Source control support (merge, rebase...)
- Binary files (hard to work with in teams) o CONS
« Easy to make a mess - Hard to decode » Hard to learn

* No support for merge/diff (although...)
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Hello, world! - Creating the project

u Unreal Project Browser

Projects New Project

Launching UE4 brings up this

Choose a template to use as a starting point for your new project. Any of these features can be added later by clicking Add Feature or Content Pack in Content Browser.
¥ Blueprint gz C++

Template selector, like VS's File >
New -> Project

- Many templates, both Blueprint-
i) ¢ Creating project... 60% b a Sed a nd C+ +

AN EMPTY project with some basic aame framework code classes created.

Choose some settings for your project. Don't worry, you can change these later in the Target Hardware section of Project Settings. You c 50 add the Starter Content to your project later using

Can include starter logic and
actors to jump start the

[ 1. 3@; - ﬁ . development

m
Desktop / Console Maximum Quality No Starter Content

Select a location for your project to be stored. Sta rte r CO nte nt a ISO ava i Ia b I e
(materials, textures...)

Folder Name

Create Project
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Hello, world! - It lives!

w File Edit View Project Build Debug Test Analyze Tools Extensions Window Help earch al St yol HelloWorld
e - =g & e MqM_n - _ 9 Application Insights ~ _
Process: [22688] UE4Editor-Win64-Debug.e ~

Solution Explorer ntied
W ©-sa@E o = File Edit Window Help

e S Einlor R Modes ;. H = Ve :",? = World Outliner.
o s : v [ Ll - ( ' > q - - ‘*r', - - ¢ \h -
3] Solution ‘HelloWorld' (59 of 59 projects) m L i < PR .

== eY N
4 @l Engine q y / ,& Q,” > | SaveCurrent Source Control Content Marketplace = Settings Blueprints Cinematics Build Compile Play Launch s
b [ UE4 | Label

2 Sl Games 3 I S 4'A Untitled (Editor)
%+ Atmospheric Fog
iy Floor
¥ External Dependencies Basic .’y’i“: Il;llgh‘ Sg‘ur::‘e
; 5 A Player Sta
; gz;:(li Lights EmpIyC E @ Sky Sphere
4 5] HelloWorld Cinematic 7 actors © View Options
¢ HelloWorld.Build.cs Empty P
++ HelloWorld.cpp Visual Effects 9 Details
[ HelloWorld.h
*+ HelloWorldGameModeBase.cpp
P [A HelloWorldGameModeBase.h
c* HelloWorld.Target.cs
c* HelloWorldEditor.Target.cs All Classes
[@ HelloWorld.uproject
b #ll Programs Cube
b Ml Visualizers

a

=B References

4 [%] HelloWorld
Recently Placed ‘
Empty A

Geometry Point Lig

Select an object to view details,
Volumes

Player S

Sphere

Cylinder

&= CGontent Browser;

Ik AddNewy X Import [@SaveAll & 5 | & Content » '

= " iters Y !

Drop files here or right click to create content.

0 items © View Options v

Class View @ No issues found




Hello, world! - Creating an actor

Create C++ classes
from within the editor

VS's solution is
updated live

sdd e Gl uticn et.cpp TextWidgeth + X Helle dGameModeBase.cpp
% HelloWorld

u

Name Your New Actor
b Solution 'Hel

Enter a name for your new class. Class names may only contain alphanumeric characters, and may not contain a space
When you click the "Create” button below, a header (h) file and a source (.cpp) file will be made using this name. 4 @l Engine
b [ UE4

4 @l Games

Helloworld (Runtime) ~ ERETHNENETE 4 [% HelloWorld
u-B References

Name Textwidget
Choose Folder p
K% External Dependencies

Path C:/Users/miche/source/Repos/HelloWorld/Source/HellawWorld/
53 Conf
Lal Source

ol Programs
b Ml Visuali




Hello, worlid! - Actually say hello

O TextWidget.h

extRenderComponent;

TextWidget.cpp

TextWidget: :ATextWidget()

PrimaryActorTick.bCanEverTick =

W_TEHtHEHdE’CEWp CreateDefaults
m_T enderC 5

extRenderComponent® m_TextRenderComp; m_TextRenderComp-

okorldGameModeBase: : StartPlay()

actor = GetWorld()->SpawnActor<ATex
»SetActorLocationAndRotation( |

Click compile without closing UE... meanwhile, VS is still debugging... ;)

¢ .EQ =.8.85.8.5.p.

ent Source Control Content Marketplace = Settings Blueprints Cinematics Build Compile Play Laun h

e O o & c;+ plllng C++ Code

"TextRenderCo

mpanent™
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Hello, world! - Tadaaan!

1'1' gjejel e
File Edit Window Help
iz Modes »' . ‘ o * (= " = World Gutliner
- ~ .M. 5.
q A v‘]' 2| | saveCurrent Sou nt  Marketplace = Settings Blueprints Cinenr e Stop
= Atmospheric Fog

Recently Placed Empty A . . %, CameraActor
: = %! DefaultPawn
Floor
Lights il EmptyC : GameNetworkManager

‘ Basic

Cinematic 19 actors © View Options ~

Emp
Visual Effects 3. Details @ world Settings
Geometry Point Lig
Select an obiject to view details
Volumes

Player S
All Classes

Cube
Sphere

Cylinder

== ContentBrowser
E AddNew~ % Impor Save All & = | C++ Classes » HelloWorld »
arch Folders REZICER M Search Helloworld

i Content

4 = C++ Classes
(]

HelloWorldGame
ModeBase

2 items (1 selected) © View Options v




Hello, <whatever>

Improving the sample with Unreal-esgue interactions

elli”, meta=(DisplayName="Target to

ATextWidget();
BeginPlay()

PostEditChangeProperty(FP

_UpdateText|

ropertyChangedEv

+ 3
Ly

== 3+
Salute ,

TextWidget.h

AllowPrivateAccess=

Create a new UPROPERTY
that will hold the
customizable text

Define some attributes:
- EditAnywhere
- Category
- meta

Optionally, override the
PostEditChangeProperty
method.

Beware! It's declared only in
Editor mode!

18



Hello, <whatever>

TextWidget.cpp 1) Define a default value that m_Text will hold

t>("TextRenderComponent™);

SetRootComponent(m_TextRenderComp);

2) To understand exactly what happens, let’s give the
tidget: :BeginPlay() text render component a placeholder text

Super: :BeginPlay();
_UpdateText(m Text);

3) Move the default text assignment from the CTOR to
the BeginPlay method

Super: :PostEditChangeProperty(e);

.Property !=

4) Define the PostEditChangeProperty. It acts very
much like PropertyChanged (C#/XAML)

_UpdateText(*valuePtr);

5) Introduce a utility method to update the text
render component

19




Hello, Placeholder ... my old friend

1'(' {rtitied

File Edit Window Help
Ry Modes

U
Recently Placed

Basic

Lights

Cinematic

Visual Effects

Geometry

Volumes

All Classes

Blueprints

Cinematics

Were you expecting Hello,
World! to show up...?

You are right. I made a
mistake...

ATextWidget it's alright. The
problem is somewhere else...

What are we really missing
here...? What piece of code is
apparently not getting
executed...?
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Hello, bugs

StartPlay signals the game has started playing

It sets an internal flag in the current world to true:
bBegunPlay

_ If that flag is false, BeginPlay events on objects won't
B .. 8.9. 5. get called

e Current  Source Control Content Marketplace = Settings Blueprints Cinematics

To fix the bug, it's sufficient to forward the method call
on the parent’s

Alternatively...

elloWorldGameModeBase: :HandleStartingNewPlayer Implementation(APlayerController®

actor = GetWorld()->SpawnActor<
or->SetActorLocationAndRotation (]

21



Hello, blueprints

earch HelloWorld

from

on TextWidget

Here's where our
m_Text property
appears...

... and it’s editable!

Create a new Blueprint class based on TextWidget.

You can add more
components here

Add events,
functions, variables
to this Actor

Let’'s change it to
Goofy!

Y e
- EEFX

File  Edit Debug indow Help Text Widget

s WM Ot § P B D) . pmmrmmmn

+Add Component - T
Browse  Find GEeeeAey  Simulation  Play Debug Filter
(J TextWidget BP (self)

n_TextRenderComp (Inherited)

[ Ho-

4 Actor Tick

= Viewport f Construction Scrip ma EventGraph

- ] Pepective @ L1t

Start with Tick Enabled

O m m E) ‘ Tick Interval

Allow Tick Before Begin [l

4 Mischitelli

Target to salute

Actor Hidden In Game

Editor Billboard scate NS

4 Replication

=Y BTUEpTITE
+ Add New ~ [0 o © -

4Graphs +
4% EventGraph

© Event BeginPlay

© Event ActorBeginOverlap

© Event Tick

4Functions

elevant to Owner [l

£ ConstructionScript

Replay Rewindable

Macros

Replicates

Variables Net Dorm

Event Dispatchers Net Cul

Net Update Frequency
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Hello, UClass™

AHellokorldGameModeBase: :StartPlay () We’re Spawning d Simple
C++ class...

Super::StartPlay();

actor = Gethorld() g-SpawnActor<ATextWidgets();

actn::-'-":=-Sr-_-t.-'-"-.ct-::-'_u::catin::r'u Ll (i iy "'._": "_ at(@, @, 1, 8)); HOW do we Spawn the b|UeprInt aSSOC|ated
to this? How does the SpawnActor method
works...?

Its gettlng the wrm* - FActerSpawnParametersd = FActorSpawnParameters() )
StaticClass from T S I B

CastChecked<T:(SpawnActor(T::StaticClass(), , , ) ;ECastCheckedType: :NullAllowed);

This really gets complex and involves
talking about UE4's reflection
system... NOPE

It should be enough knowing that Unreal classes are described by this. SpawnActor needs to know which
UClass to spawn... so either determines it by itself like above, or we pass it to an overload...
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Hello, moar blueprints

Back to the ATextWidget BP. It acts like a specialization of our C++ class...

O HelloWorldGameModeBase.h \ .cpp

-jE_d f"_ ._' elli®, meta = (DisplayName="TextlWidget Class", AllowPrivateAccess = 1) Create a hew UPROPERTY |n our
B HelloWorldGameModeBase

Modify the spawn method adding
the newly created property

dgetClass is null! Can't spawn the actor...™)); Create a BP based on
HelloWorldGameModeBase

We can finally specify which class
to use to spawn ATextWidget

O HelloWorldGameModeBase BP

.
M C#++ Class Actions
i A ] ™ Create C++ class derived from HelloWorldGameModeBase

4 Mischitelli

TextWidget Class
— 3 Create Blueprint class based on HelloWorldGameModeBase

Z Edit._.

4 Classes

Game Session Class

24



|search Details

Project - Maps & Modes Update project settings with the
new HelloWorldGameModeBase BP

4 Default Modes
ORI « © + Again, we need to tell UE4 which flavour of
o this class we'd like to use. In this case it's
different because it's a special case...

5. Details ® World Settings
L) TextWidget BP ™

o Edit Blueprint ~

4 Transform

Location w

All €& 5 | &= Content » q Rotation w

Jo] il earch C Scale v

iters v |8 Content

HelloworldGame
ModeBase_BP

We can even modify the string without recompiling thanks
to the PostEditChangeProperty we overrode previously
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Diving Deeper

Gameplay class hierarchy and how it all works




Gameplay Classes

o Reflection of properties and methods

e Serialization of properties

» Garbage collection

» Networking support for properties and methods

e Inherits from UObject, core to gameplay experience
* Objects that can be placed

e Composed of UActorComponents

* Network replication

e Define their own behaviour
e Functionality that is shared across actors
e Actors are given high-level goals - components perform tasks that support those

¢ No need to inherit from a particular class

e Just mark it with USTRUCT ()

» Not Garbage Collected

¢ PODs + reflection + networking + blueprint

Z° Components
# Add Component ~

., FirstPersonCharacter (self)

4 § CapsuleComponent (Inherited)
A ArrowComponent (Inherited)
¥ Mesh (Inherited)
4%y FirstPersonCameraComponent (Inherited)
¥ Mesh1P (Inherited)

®, CharacterMovement (Inherited)
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Unreal Reflection System intro

"MyObject.generated.h”

UCLASS
Tells UE4 to generate UCLASS (Blueprintable)
reflection data for a class. UMyObject : UObject

{ GENERATED_BODY

Blu;ﬁgg?gi?;gg . GENERATED_BODY () This is replaced by
hundreds of lines of

. boilerplate code
UMyObject();
UPROPERTY UPROPERTY (@BlueprintReadOnly, EditAnywhere)

ExampleProperty;

Allows replication, BP

interaction, serialization,
GC (reference count). UFUNCTION(@BlueprintCallable) UFUNCTION

ExampleFunction(); BP interaction, RPC in

EditAnywhere > editable )
networked scenarios

in property window on

archetypes and instances BlueprintCallable > can be
called from BP

28



Memory Management and Garbage Collection

ject = Newdbject<UNatiwve

dObject = NewObject<UNative

Root set - list of objects that the GC will not garbage collect

Objects are not GC/ed as long as there is a path of reference from an
object in the root set to the object in question

If no such path exists, objects are said to be unreachable and will be
GC/ed the next time the GC runs

What counts as reference? Pointers stored in UPROPERTY

Actors are automatically part of the root set and have to be manually
destroyed: actor->Destroy()

After calling Destroy(), actors are marked as Pending Kill and will be
actually removed from memory during the next GC clean-up

When UObject are GC/ed UPROPERTY are set to nullptr

It is possible to manage UObjects inside non-UObjects by inheriting from
FGCObject
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Numeric types and strings

Signed/Unsigned integers
o int8 / uint8

o intl6 / uintl6

o int32 / uint32

o inté64 / uint6e4

Floating point
o float

o double

TNumericLimits<T>::Min()
TNumericLimits<T>: :Max()
TNumericLimits<T>::Lowest() //on fp -Max()

FString

o Mutable string (like std::string)
o FString str = TEXT(“Hello, world!”);

FText

o Like above, but for localized text
o FText txt = NSLOCTEXT(“ns”, “key”, “default”);

FName

o Commonly recurring string, stored as identifier to save
memory. Also faster during comparisons

o nameA.Index == nameB.Index

TCHAR - do not confuse with TChar<T>, FChar...

o Used to store chars independent of the character set used
o UE4 strings use TCHAR arrays (wchar_t / char)
o Raw data can be accessed using the dereference operator

Michele Mischitelli 30



Containers
TArray<V, Allocator>

©)

O

O

Much like std: :vector with more functionality
Elements are GC/ed if TArray is marked as UPROPERTY
Custom allocator (FHeapAllocator)

TArrayView<V>

O

©)

Templated, fixed-sized view of another array

Stores internally a pointer to the array’s first element,
as well as the array’s size

Abstraction that tells the developer you're not
supposed to add/remove elements to the array

Original array can still be altered through Algo::Sort,
Reverse

TSet<V, KeyFuncs, Allocator>

O

O

O

O

Addition, removal, finding are O(1)
Uses a sparse array for elements
Links elements into a hash through the use of buckets

KeyFuncs specify how elements are compared and
searched

TMap<K, V, Allocator, KeyFuncs>

@)

@)

@)

Implemented using TSet with custom KeyFuncs
Much like std: :map

Key-value pairs: TPair<K, V>

Any type for key as long as it has a GetTypeHash

Custom allocator (TSetAllocator) that includes:

« Sparse array allocator: TArray (elems) + TBitArray
(allocated)

« Hash allocator (FHeapAllocator)
« How many hash buckets the map should use
TMultiMap: supports storing multiple identical keys

Michele Mischitelli
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Y twitter.com/michelemischitl N
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