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who is this for?



who is this for?

Fairly new to C#

- Familiar with Java*

* or any other object-oriented & strongly typed language

-Wanting to make games using C#

* see Unity, Godot, MonoGame, FNA, etc etc etc



on the Java note






MICROSOFT’S JAVA



things you can keep If you already know java

Java Virtual Machine -> Common Language Runtime
Most of the syntax

Lots of the same OO language features

Garbage collection (we’ll be talking about this!)

>> this session will assume you are semi-comfortable with Java
principles!



on the games note



this is written with Unity in mind



this is written with Unity in mind

but nearly all of this is transferable



this is written with Unity in mind

but nearly all of this is transferable
and for gamedev folks, you’ll be using Unity as part of your degree
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C# Fundamental O:
What IDE do | use?



C# Fundamental O:

Which of the three different Visual Studios
should | use?



VI I S | v U " R v - Debug ~ AnyCPU ~ P AttachtoUnity -~ I |&]
IS u a tu d I O NewBehaviourScriptcs ® X

, . Assembly-CSharp ~ %3 NewBehaviourScript
Wlndo WS 1 Fusing System.Collections;
2 using System.Collections.Generic;

using UnityEngine;

& Unity Script (1 asset reference) | 0 references
FEpublic class NewBehaviourScript : MonoBehaviour

i
+ Free below a revenue cap 7 || public Flost speed;

X0Qq|oo] Ja10|dX3 J9MDS

Th OG C IDE 10 // Start is called before the first frame update
+ e ©® Unity Message | 0 references

11 = void Start()

12 o
+ Great Unity integration OOB SO L
15 [
16 : // Update is called once per frame Starting
+ LOtS and IOtS Of features © Unity Message | 0 references
) 17 of void Update()
18 : {
19 .
20 E : // Shortly, 1 define in below a variable
21 E 5 float hor = Input.GetAxis("Horizontal");

. 23 é i //Console.WritelLine()
- WlndOWS Only 24 l ' // To chech
2 : 1

Debug.Log(hor);

— QUite heavy 27 // If you don't use + then it goes there immediatly

100% ~ @ No issues found | S~

Output

- Lots, and lots of features Show output from: : s
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Visual Studio for Mac
macQOS R

Solution AN £ ¢ FloatingPlayer.razor CategoriesPage.razor.css CategoriesPage.razor PlayerService.
173 7 OnPlaybackRateChanged(playbackRate - step)
v [&] Podcast.Web 174 : Task.CompletedTask;
> [T] Podcast.Client 175
¥ (=) Podcast Components i[5 private Task OnPlaybackRateChanged(double value) =>
O 177 OnPlaybackRateChange.InvokeAsync(playbackRate = value);
Ba Connected Services 178
+ Free be|OW a reven ue Cap > B Dependencies - 2 updates 179 private async Task ChangeVolume(ChangeEventArgs e)
) . Emm :V'\','f,l.g. st f;‘,"'- gfr 2 :w‘i,'-.."Z 4 dicrosoft ¢ dge
> @ Events
. . > Il Extensions & Solution x FloatingPlayer.razor
+ Good Unitv intearation OOB > B ListenTogether ) 2 OnPlaybackRateChanged(playbas
) . Wo's vV im podcuS‘ Web 174U - . .COnplotedTask;
> [ Podcast.Client 17,
v I Player private k OnPlaybackRateChanged

] Podcast.Components

> . FloatingPlayer.razor OnPlaybackRateChange. InvokeAsy:

+ Quick to get started with e e S

3 Dependencies
> I wwwroot {
> B Enums

if (e.Value != null && int.Try!
Bl Events 182 {

B _Imports.razor

m Mdio‘ntefop.cs » B Extensions Volume = VOIU"TC‘;

[§) Clipboardinterop.cs . 184 await OnVolumeChange.Invok
. > B ListenTogether 10

[B) 1Audiointerop.cs

] Models if (Volume == 0 && !IsMuted

[B) ListenTogetherHubClient.cs , o~ {

v BB Player ‘

. m LocalStorageinterop.cs il ] await OnMutedChange.In

- Already deprecated by Microsoft @ Themeinaropcs )
y p y ] Podcast.Pa . > Bl Shared else if (Volume >= 0 && Is

v cast.Pages < g
B3 Connected Services " ‘. o 192 await OnMutedChange.In:

_Imports.razor 3 }

> B3 Dependencies

- Buggy and clunky T D oot %)

. = {}| Clipboardinterop.cs
ListenLaterService.cs

lAudiolnterop.cs 197 private void OnlInputCurrentTime(
[B) PlayerService.cs . el {
e - {} ListenTogetherHubClient.cs ) )
. . "y SubscriptionsService.cs = ] if (e.value != null && int.Try
{}| LocalStorageinterop.cs
- Lacking in a lot of features compared to it’s 8 Evens JE T 2 C o
X einterop.cs 20] seekingTime = time;
[} DurationChangeEventArgs.cs : }

Windows counterpart 5 o s

B3 Connected Services
[} PlaybackRateChangeEventArgs.cs , i .
P2 Dependencies -1 ' 20. private async OnChangeCurrent

= , {
= Data if (e.value != null & int.Try

- Not really Visual Studio - it’s just an old IDE : . e seccummenermetson

)| PlayerService.cs )

called Xamarin Studio, which itself was an older 2

] Events

IDE called MonoDevelop

)| PlaybackRateChangeEventArgs.cs
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Visual Studio Code R .

@ RUN AND DEBUG | [> .NET Core Launch (cons~  §8% <« C* HelperTests.cs M X Hi[2 & o af 2D SR Y=
| [ | .
\ VARIABLES MathTests > € HelperTests.cs > ¥ HelperTests > & TestWriteMessage
Windows, macOS, Linux k-
’ ’ this: {MathTests.HelperTests} ?; [TestMethod] :_j:
o msg [string]: "This is a test!" 0 references | B
us > writer [StringWriter]: {This is a test!} N 21 public void TestWriteMessage() {
N > reader: {System.IO.StringReader} 22 String msg = "This is a test!*; . EED
&4 consoleOutput [string]: null ) using StringWriter writer = new(); =
24 using StringReader reader = new(msg); =
Bgl 25 Console.SetOut(writer);
26 Console.SetIn(reader);
27 Helpers.WriteMessage(msg);
. . &9 D 28 . | Dstring consoleOutput = writer.ToString  ;
29 Assert.AreEqual(msg, consoleOutput.TrimEnd());
+ Base editor is free and open source T
v WATCH 31
32 [TestMethod]
0 references
D 33 public void TestGetOptionInput() {

+ The only supported option on Linux (and

int result = Helpers.GetOption("“Select the operation to perform: ");
\/ CALL STACK

5/
38 Assert.AreEqual(int.Parse(msg), result);
- = = > NET ThreadPool Worker PAUSED 39"

> Main Thread PAUSED 40 }
> .NET ThreadPool 10 PAUSED 41
> NET Timer PAUSED
’ PROBLEMS {5 OUTPUT DEBUG CONSOLE TERMINAL TEST RESULTS +v o A X
> .NET Long Running Task PAUSED

+ Extension support - can keep your one -
IDE & workflows for C#, Python, JS... C# Dev Kit

Microsoft # microsoftcom | & 559,976 installs | Y % ¥ (72) |

- Unity support is still in preview, and is still Official C# extension from Microsoft
a little rough around the edges B 1o stngre

- Requires installation of extensions for C#

- Extension is not open source, still subject
to same VS license, for less features than
the other VS IDEs...
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Visual Studio

Windows

Visual Studio for Mac
U ON)

Visual Studio Code

Windows, macQOS, Linux



Visual Studio

Windows

Visual Studio for Mac
U ON)

Visual Studio Code

Windows, macQOS, Linux



CHALLENGER APPROACHING



JetBrains Rider

Windows, macQOS, Linux

+ Free while you’re a student, or if
you use the Nightly build

< 'S Sprout v 7 master v

(3 Solution v
-o-

v [ Sprout
v (c#) Scrobby
0 > & Dependencies
o0 v [0 Generated
v [ Scrobby
N > [3 Eventinvoking

> [ EventinvokingData

v (3 EventListening
Cc# EventListenerBool.cs
c# EventListenerDouble.cs
C# EventListenerFloat.cs
c# EventListenerGodotCollectionsArray.c:
c# EventListenerGodotCollectionsArraybc
c# EventListenerGodotCollectionsArraydc
c# EventListenerGodotCollectionsArrayflc
c# EventListenerGodotCollectionsArrayGe
c# EventListenerGodotCollectionsArrayGe
c# EventListenerGodotCollectionsArrayGe
c# EventListenerGodotCollectionsArrayGe

i Cuantl iatanavrMNadarNaAllaatrinanmalveauiMN,

Bookmarks

= Sprout
K Pinned in Debugger

@ Unity

Using Rider to write C# makes me happy. | have never seen
code refactoring tools that actually work - always without

Modulo.cs ScrobbyResource.
13 usages & Val Knight
10 public partial class EventListenerBool : Ge
{
[Signall]
2 Val Knight
public delegate void OnReceiveEventHand
[Signall]
2 Val Knight
public delegate void OnReceiveNewDataEv
[Signall]
2 Val Knight
public delegate void OnReceivePreviousD
1+4 usages & Val Knight
o protected override void EventListener(C
{
A EmitSignal(SignalName.OnReceive, ob

EmitSignal(SignalName.OnReceivePrev
EmitSignal(SignalName.OnReceiveNewD

exception. [t’s amazing when you can rely on it.

134
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JetBrains Rider

Windows, macQOS, Linux

+ Free while you’re a student, or if
you use the Nightly build

+ Mature, stable, reliable

< 'S Sprout v 7 master v

(3 Solution v
-o-

v [ Sprout
v (c#) Scrobby
0 > & Dependencies
o0 v [0 Generated
v [ Scrobby
N > [3 Eventinvoking

> [ EventinvokingData

v (3 EventListening
Cc# EventListenerBool.cs
c# EventListenerDouble.cs
C# EventListenerFloat.cs
c# EventListenerGodotCollectionsArray.c:
c# EventListenerGodotCollectionsArraybc
c# EventListenerGodotCollectionsArraydc
c# EventListenerGodotCollectionsArrayflc
c# EventListenerGodotCollectionsArrayGe
c# EventListenerGodotCollectionsArrayGe
c# EventListenerGodotCollectionsArrayGe
c# EventListenerGodotCollectionsArrayGe

i Cuantl iatanavrMNadarNaAllaatrinanmalveauiMN,

Bookmarks

= Sprout
K Pinned in Debugger

@ Unity

Using Rider to write C# makes me happy. | have never seen
code refactoring tools that actually work - always without

Modulo.cs ScrobbyResource.
13 usages & Val Knight
10 public partial class EventListenerBool : Ge
{
[Signall]
2 Val Knight
public delegate void OnReceiveEventHand
[Signall]
2 Val Knight
public delegate void OnReceiveNewDataEv
[Signall]
2 Val Knight
public delegate void OnReceivePreviousD
1+4 usages & Val Knight
o protected override void EventListener(C
{
A EmitSignal(SignalName.OnReceive, ob

EmitSignal(SignalName.OnReceivePrev
EmitSignal(SignalName.OnReceiveNewD

exception. [t’s amazing when you can rely on it.

134
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JetBrains Rider

Windows, macQOS, Linux

+ Free while you’re a student, or if
you use the Nightly build

+ Mature, stable, reliable

+ Supports cutting edge Unity
features like ECS, Burst

< 'S Sprout v 7 master v

(3 Solution v
-o-

v R Sprout
v (c#) Scrobby
0 > & Dependencies
o0 v [0 Generated
v [ Scrobby
N > [3 Eventinvoking

> [ EventinvokingData

v (3 EventListening
Cc# EventListenerBool.cs
c# EventListenerDouble.cs
C# EventListenerFloat.cs
c# EventListenerGodotCollectionsArray.c:
c# EventListenerGodotCollectionsArraybc
c# EventListenerGodotCollectionsArraydc
c# EventListenerGodotCollectionsArrayflc
c# EventListenerGodotCollectionsArrayGe
c# EventListenerGodotCollectionsArrayGe
c# EventListenerGodotCollectionsArrayGe
c# EventListenerGodotCollectionsArrayGe

i Cuantl iatanavrMNadarNaAllaatrinanmalveauiMN,

Bookmarks

= Sprout
K Pinned in Debugger

@ Unity

Using Rider to write C# makes me happy. | have never seen
code refactoring tools that actually work - always without

Modulo.cs ScrobbyResource.
13 usages & Val Knight
10 public partial class EventListenerBool : Ge
{
[Signall]
2 Val Knight
public delegate void OnReceiveEventHand
[Signall]
2 Val Knight
public delegate void OnReceiveNewDataEv
[Signall]
2 Val Knight
public delegate void OnReceivePreviousD
1+4 usages & Val Knight
o protected override void EventListener(C
{
A EmitSignal(SignalName.OnReceive, ob

EmitSignal(SignalName.OnReceivePrev
EmitSignal(SignalName.OnReceiveNewD

exception. [t’s amazing when you can rely on it.
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< 'S Sprout v 7 master v

] Solution v Modulo.cs ScrobbyResource.
-O-

v R Sprout

- m
I I n I I v (&) Scrobby [z113 usages & Val Knight
| - Dependencies 10 public partial class EventListenerBool : Ge

0
o0 v [ Generated {
. . v [ Scrobby .
W d m OS L N > [3 Eventinvoking [Signal]
In O WS, a C y In UX > (3 EventinvokingData 2 Val Knight
v [O EventListening public delegate void OnReceiveEventHand
C# EventListenerBool.cs
c# EventListenerDouble.cs [Signal]
C# EventListenerFloat.cs
c# EventListenerGodotCollectionsArray.c: S
. y . c# EventListenerGodotCollectionsArraybc public delegate void OnReceiveNewDataEv
+ F ree W h I I e yO u re a St u d e nt O r If c# EventListenerGodotCollectionsArraydc
) c# EventListenerGodotCollectionsArrayflc [Signal]

-th N . Iq -tI - I c# EventListenerGodotCollectionsArrayG¢ Val Kniaht
2 Val Kni
yO u u Se e I g y u I c# EventListenerGodotCollectionsArrayG¢ _ J _ _ .
c# EventListenerGodotCollectionsArrayG¢ public delegate vold OnRecelvePreviousD

c# EventListenerGodotCollectionsArrayGe

i Cuantl iatanavrMNadarNaAllaatrinanmalveauiMN,

1+4 usages &2 Val Knight

+ Matu re, Stable, reliable Bookmarks 5 protected override void EventListener(C

= Sprout {
K Pinned in Debugger A EmitSignal(SignalName.OnReceive, ob
EmitSignal(SignalName.OnReceivePrev

_|_ SuppOrtS Cuttlng edge Unlty EmitSignal(SignalName.OnReceiveNewD
features like ECS, Burst )
@ Unity

T Shader Support T Performance Using Rider to write C# makes me happy. | have never seen

Warnings aS part of IntelliSense code refactoring tools that actually work - always without
Warnings exception. I[t’'s amazing when you can rely on it.
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< 'S Sprout v 7 master v

] Solution v Modulo.cs ScrobbyResource.
-O-

v R Sprout

- u
et I a I n S I el - Scr0bby #7113 usages & Val Knight
8o P 10 public partial class EventListenerBool : Ge

v [ Generated

. . v [ Scrobby { .
W d m OS L N > [3 Eventinvoking [Signal]
In O WS, a C y In UX > (3 EventinvokingData 2 Val Knight
v [O EventListening public delegate void OnReceiveEventHand
C# EventListenerBool.cs
c# EventListenerDouble.cs .
) [Signall]
C# EventListenerFloat.cs
c# EventListenerGodotCollectionsArray.c: S
. ] . c# EventListenerGodotCollectionsArraybc public delegate void OnReceiveNewDataEv
+ F ree W h I | e yO u re a St u d e nt y O r If yo u c# EventListenerGodotCollectionsArraydc
c# EventListenerGodotCollectionsArrayflc [Signal]

u Se 'th e N ig h't Iy b u i |d c# EventListenerGodotCollectionsArrayGe o Val Knight

c# EventListenerGodotCollectionsArrayGe . _ _ )
c# EventListenerGodotCollectionsArrayGe public delegate vold OnRecelvePreviousD

c# EventListenerGodotCollectionsArrayGe
N Cuantl iatanmarMDadAarNAllantriamall veavMN, ,|+4 Usages .O‘ Val Knlght

+ Matu re, Stable, reliable Bookmarks protected override void EventListener(C

= Sprout {
K Pinned in Debugger A EmitSignal(SignalName.OnReceive, ob

_l_ SuppOrtS CUtting edge Unity EmitSignal(SignalName.0OnReceivePrev

EmitSignal(SignalName.OnReceiveNewD

features like ECS, Burst }

+ Shader support + Performance @ Unity

Warnings dS part of IntelliSense Using Rider to write C# makes me happy. | have never seen
Warnings code refactoring tools that actually work - always without

exception. [t’s amazing when you can rely on it.

+ Integration with the Unity Editor and
Unity Documentation
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JetBrains Rider

Windows, macQOS, Linux

+ Free while you’re a student, or if you use
the Nightly build

+ Mature, stable, reliable

+ Supports cutting edge Unity features like
ECS, Burst

+ Shader support + Performance warnings
as part of IntelliSense warnings

+ Integration with the Unity Editor and Unity
Documentation

+ Recommended by one of the cofounders
of Unity

< 'S Sprout v 7 master v

(3 Solution v
-o-

v [ Sprout
v (c#) Scrobby
> & Dependencies

0
o0 v [0 Generated

v [ Scrobby
N > [3 Eventinvoking

> [ EventinvokingData

v (3 EventListening
Cc# EventListenerBool.cs
c# EventListenerDouble.cs
C# EventListenerFloat.cs
c# EventListenerGodotCollectionsArray.c:
c# EventListenerGodotCollectionsArraybc
c# EventListenerGodotCollectionsArraydc
c# EventListenerGodotCollectionsArrayflc
c# EventListenerGodotCollectionsArrayGe
c# EventListenerGodotCollectionsArrayGe
c# EventListenerGodotCollectionsArrayGe
c# EventListenerGodotCollectionsArrayGe

i Cuantl iatanavrMNadarNaAllaatrinanmalveauiMN,

Bookmarks

= Sprout
K Pinned in Debugger

@ Unity

Using Rider to write C# makes me happy. | have never seen
code refactoring tools that actually work - always without

Modulo.cs ScrobbyResource.
13 usages & Val Knight
10 public partial class EventListenerBool : Ge
{
[Signall]
2 Val Knight
public delegate void OnReceiveEventHand
[Signall]
2 Val Knight
public delegate void OnReceiveNewDataEv
[Signall]
2 Val Knight
public delegate void OnReceivePreviousD
1+4 usages & Val Knight
o protected override void EventListener(C
{
A EmitSignal(SignalName.OnReceive, ob

EmitSignal(SignalName.OnReceivePrev
EmitSignal(SignalName.OnReceiveNewD

exception. [t’s amazing when you can rely on it.
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< 'S Sprout v 7 master v

] Solution v Modulo.cs ScrobbyResource.
-O-

v [ Sprout

- u
et I a I n S I el - Scr0bby #7113 usages & Val Knight
8o P 10 public partial class EventListenerBool : Ge

v [ Generated

. . v [ Scrobby { .
W d m OS L N > [3 Eventinvoking [Signal]
In O WS, a C y In UX > (3 EventinvokingData 2 Val Knight
v [O EventListening public delegate void OnReceiveEventHand
C# EventListenerBool.cs
c# EventListenerDouble.cs .
) [Signall]
C# EventListenerFloat.cs
c# EventListenerGodotCollectionsArray.c: S
c# EventListenerGodotCollectionsArraybc public delegate void OnReceiveNewDataEv

+ Free while you’re a student, or if you use the o# EventListenerGodotCollectionsAmray
nghtly bUIId c# EventListenerGodotCollectionsArrayflc [Signal]

c# EventListenerGodotCollectionsArrayGe V.
« Val ANl
c# EventListenerGodotCollectionsArrayGe °

c# EventListenerGodotCollectionsArrayGe public delegate void OnReceivePreviousD

+ Mature, stable, reliable ol e i _
] . ] Bookmarks o pr‘otectged ;ver‘r‘igtjje void EventListener(C
+ Supports cutting edge Unity features like ECS, =5 Sprout {
B .t K Pinned in Debugger A EmitSignal(SignalName.OnReceive, ob
urS EmitSignal(SignalName.OnReceivePrev
EmitSignal(SignalName.OnReceiveNewD
+ Shader support + Performance warnings as /

part of IntelliSense warnings -
° @ Unity

+ Integration with the Unity Editor and Unity
Documentation Using Rider to write C# makes me happy. | have never seen

code refactoring tools that actually work - always without

+ Recommended by one of the cofounders of exception. It’s amazing when you can rely on it.
Unity

+ Super familiar if you’ve used Intellid
%
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JetBrains Rider

Windows, macQOS, Linux Rider

Cross-platform .NET IDE

- Pretty memory intensive (but, so B Rider
is VS Code...)

first year £11 9OO

second year £95.00
third year onwards £71.00
Get quote m
Installed Update all
42  Rider Update
RD

@ 2023.2 Nightly
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JetBrains Rider

Windows, macQOS, Linux

- Pretty memory intensive (but, so
s VS Code...)

- Stable release requires signing up
to JetBrains Student Program

Rider

Cross-platform .NET IDE

& Rider

first year

second year

third year onwards
Get quote

Installed

’(R\ D Rider

@ 2023.2 Nightly

28

£119.00

£95.00

£71.00

Update all

Update



JetBrains Rider

Windows, macQOS, Linux

- Pretty memory intensive (but, so
s VS Code...)

- Stable release requires signing up
to JetBrains Student Program

- Post graduation you (or your
employer) will have to pay*

- Rider Early Access / Nightly is completely free, but can have bugs

Rider

Cross-platform .NET IDE

& Rider

first year

second year

third year onwards
Get quote

Installed

’(R\ D Rider

@ 2023.2 Nightly
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£119.00

£95.00

£71.00

Update all

Update



JetBrains Rider
Windows, macQOS, Linux 4 '
v 4

For graduates

- Pretty memory intensive (but, so
iS VS C()de ) Check out the 40% graduation discount for former Student |

holders! Select the product of your choice, and the discount
pbe applied automatically:

- Stable release requires signing up
to JetBrains Student Program

- Post graduation you (or your
employer) will have to pay*

- Rider Early Access / Nightly is completely free, but can have bugs

- There is also a pretty heavy graduate discount, and you get to

keep the version of Rider you pay for as a perpetual license Installed Update all

N .
a RD Rider Update

@ 2023.2 Nightly
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Visual Studio

Windows

Visual Studio for Mac
U ON)

Visual Studio Code

Windows, macOS, Linux

JetBrains Rider

Windows, macQOS, Linux



JetBrains Rider

Windows, macQOS, Linux

Visual Studio

Windows

Windows devs: choose either macOS / Linux: just use Rider
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C# Fundamental 1: Value vs
Reference lypes




Value Type

® Directly contains it’s data
® (Generally simple primitives (floats, ints, bools, not strings!)
e Cannot be null!

® Passing it to another method creates a copy of the data to work

with unless you specify it’s a reference with the “ref” keyword

e Stored on the stack, meaning fast allocation & deallocation

34



Value Type

® Directly contains it’'s data
® (Generally simple primitives (floats, ints, bools, not strings!)

® Cannot be null!

® Passing it to another method creates a copy of the data to work

with unless you specify it’s a reference with the “ref” keyword
e Stored on the stack, meaning fast allocation & deallocation

e Don’t worry if you don’t know what the stack means right now! Feel free to grab Val g and
she can explain if you’re interested :)

® [ime constraints my beloved
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Reference lype

® All your objects (strings, arrays lists, dictionaries, classes you define...)
® Passing it to another method is just referencing the same underlying data

® Reference to data existing in the “managed heap”

® Again, feel free to ask Val what this means!

e Stored on the heap, with references existing on the stack

® New references to existing data are still fast!
® (reating data is relatively slow :(

e (an lead to garbage, causing really bad performance issues :((((
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a quick game







1int somelnt;
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string someString;

41



REFERENCE

sssssssssssssssss




float somelnt;
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VALUE

float somelnt;
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string[] array0fStrings:
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REFERENCE

string[] array0fStrings;




int[] myIntArray;

47



REFERENCE

intl] myIntArray;

Arrays of value types are
still reference types



CoolCustomClass myObject;

public class CoolCustomClass

{
public 1nt Xx;
public 1int vy;
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REFERENCE

CoolCustomClass myObject;

public class CoolCustomClass

g
public int Xx;
public int y;
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CoolCustomStruct myStruct;

public struct CoolCustomStruct
{

public 1nt x;
public 1int vy;

51



VALUE

CoolCustomStruct myStruct;

public struct CoolCustomStruct
g

public int Xx;
public 1nt vy;
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Struct0fStrings myStruct;

public struct StructOfStrings
{

public string Xx;
public string vy;

53



VALUE

Struct0fStrings myStruct;

public struct StructO0fStrings
g

public string x;
public string y;
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VALUE

(but x and y are still reference types)

Struct0fStrings myStruct;

public struct StructO0fStrings
g

public string x;
public string vy;
1



Structs

- Great for small collections of other fields
- Can support methods, same as a class
- Structs are a value typed collection of fields

- As such, passing a struct to another function will create a copy, not
a reference by default!

- You can pass a struct by reference with the ref keyword - ask Val,
and she can show you demos (time constraints!)
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demo



C# Fundamental 2:

Garbage Collection



What is garbage?

A reference type, with no references to it



What is garbage collection?

Your C# runtime going 39 Looking 39, specifically for objects in the
managed heap with no references on the stack

int(] array | int[] array intll ] |int[] array 3

g |
{ \ |
A Y 13

. | |

:»»List jﬂoat[] array_{ Lstring :string 1

Diagram of the Managed Heap

Copyright Unity Technologies, 2023
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Why is garbage bad?

- It’s expensive to allocate managed objects
- Garbage Collection is a very expensive operation to run, so we
want to avoid generating garbage where possible

61



What do you mean by “expensive”?

- |f your game is targeting 60FPS, you have 16.67ms to get a frame
out to the display

- Garbage Collection takes a lot of time to complete, especially if you
have a lot of garbage

- This could cause frequent stuttering!
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How do | avoid generating garbage?

- Keep an eye out for when you’re constantly making new objects

- Could it be done with a value type?
- Could you modify the values of an object you allocate once?

- Watch out for strings and arrays!
- Strings are references types; as such, generating and passing around strings can
lead to suboptimal performance
- This includes string concatenations (IE: “foo” + “bar” will generate garbage)
- Consider alternatives, such as passing an enum instead
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Is garbage the end of the world?

- No!



Is garbage the end of the world?

- No!

- But it’s useful to have an understanding, and get performance gains
where you can



Is garbage the end of the world?

- No!

- But it’s useful to have an understanding, and get performance gains
where you can

- Unity’s “Incremental GC” won’t save you, but, it can help to reduce
GC “spikes”

Incremental garbage collection

Incremental garbage collection@ (GC) spreads out the process of garbage collection over multiple frames. This is the default ¢
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Is garbage the end of the world?

- No!

- But it’s useful to have an understanding, and get performance gains
where you can

- Unity’s “Incremental GC” won’t save you, but, it can help to reduce
GC “spikes”

Incremental garbage collection

- PAL Wi | | I i kely be d Oi ng a han dS_On prOfi I i ng WO rkShO p! Incremental garbage collection@ (GC) spreads out the process of garbage collection over multiple

collection behavior in Unity.

- Keep an eye out 99
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C# Fundamental 3: Properties



Java Land

getters, setters? more like get-out-of-town-ers. gottem

public class Player {
private float playerHealth;

public float GetPlayerHealth() {
return playerHealth;

¥

public void SetPlayerHealth(float f) {
playerHealth = f;

¥
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C# Land

public class Player {
private float playerHealth;

public float GetPlayerHealth() {
return playerHealth;

¥

public void SetPlayerHealth(float f) {
playerHealth = f;

¥
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C# Land

public class Player {
public float playerHealth;
¥

/1



C# Land

public class Player {
public float PlayerHealth;
¥

* naming conventions

72



but what about encapsulation???



C# Land

the cool part

public class Player

1
¥

public float PlayerHealth;

74



C# Land

the cool part

public class Player

{
private float _playerHP;

public float PlayerHealth

{
get

{

return _playerHP;

set

{
L

_playerHP = value;
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C# Land

the cool part

public class Player

{
private float _playerHP;

public float PlayerHealth
{

get What used to be just a value has now been
{ changed into a free getter and setter

return _playerHP;

set

{
L

_playerHP = value;

/6



C# Land

the cool part

public class Player

{
private float _playerHP;
public float PlayerHealth

1
get What used to be just a value has now been
{ changed into a free getter and setter
return layverHP:
! —Ptay ! This means you do not need to write, generate
set or otherwise include getters and setters!
1
_playerHP = value;
+
I3

’r’



C# Land

the cool part

public class Player

{
private float _playerHP;
public float PlayerHealth

{
get What used to be just a value has now been
{ changed into a free getter and setter
return layerHP;
! —Ptay ' This means you do not need to write, generate
set or otherwise include getters and setters!
{
_playerHP = value; This “fake” field is called a “property”!
}
}

/8



demo



C# Fundamental 4: Delegates



What is a callback?

* A callback is some method you provide to another method, to run when
Something happens

e e.g. - downloading files
* you have a function called ProcessText(string text);
* you have a function called DownloadText
 you WANT to tell DownloadText to call ProcessText when it’'s done

 But, you don’t want to hard-code this



Callbacks in Java

e SO! Sometimes, we need callbacks!

 We could do something with an interface
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Interface Based Callbacks in Java

interface ICallback<T> {
public void CallbackMethod(T data);
s

class Foo {
public void DoAction(ICallback<Integer> c) {

// this 1is doing complex maths

int randomNumber = 4:
c.CallbackMethod(randomNumber) ;

¥

public class Bar implements ICallback<Integer> {
public static void main(String[] args) {
Foo f = new Foo();

Bar b = new Bar():
// this will allow Foo to call our callback!

f.DoAction(b);
¥

public void CallbackMethod(Integer data) {
System.out.println(data);

L
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Interface Based Callbacks in C#

interface ICallback<T> {
public void CallbackMethod(T data);
s

class Foo {
public void DoAction(ICallback<int> c) {

// this 1is doing complex maths

int randomNumber = 4:
c.CallbackMethod(randomNumber) ;

¥

public class Bar: ICallback<int> {
public static void main(String[] args) {
Foo f = new Foo();

Bar b = new Bar():
// this will allow Foo to call our callback!

f.DoAction(b);
¥

public void CallbackMethod(int data) {
Debug.Log(data);
}
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Callbacks in Java

e Sometimes, we need callbacks!
 We could do something with an interface
* But this isn’t very flexible

* Everything needs to inherit the interface

e \ery rigid, and can’t dynamically decide what’s the callback at runtime
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Callbacks in C#

e Sometimes, we need callbacks!
 We could do something with an interface
* But this isn’t very flexible
* Everything needs to inherit the interface
e \ery rigid, and can’t dynamically decide what’s the callback at runtime

 Maybe C# has a better way...
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Interface Based Callbacks in C#

interface ICallback<T> {
public void CallbackMethod(T data);
s

class Foo {
public void DoAction(ICallback<int> c) {

// this 1is doing complex maths

int randomNumber = 4:
c.CallbackMethod(randomNumber) ;

¥

public class Bar: ICallback<int> {
public static void main(String[] args) {
Foo f = new Foo();

Bar b = new Bar():
// this will allow Foo to call our callback!

f.DoAction(b);
¥

public void CallbackMethod(int data) {
Debug.Log(data);
}
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Delegate Based Callbacks in C#

class Foo {
public delegate void SetTextCallback(int data);

public void DoAction(SetTextCallback cb) {
// this 1s doing complex maths
int randomNumber = 4;
cb(randomNumber) ;

¥

public class Bar {
public static void main(String[] args) {

Foo f = new Fool();

Bar b = new Bar();
// Explicitly send CallbackMethod!

f.DoAction(b.CallbackMethod) ;
s

public void CallbackMethod(int data) {
Debug.Log(data);
I3
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Callbacks in C#

e Sometimes, we need callbacks!
 We could do something with an interface
* But this isn’t very flexible

* Everything needs to inherit the interface
 Maybe C# has a better way...

* As a delegate is a datatype, we can do more complex things (e.g, lists of
delegates for callbacks, delegates in dictionaries, etc etc etc...)
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Example use of delegates

 How would you build an achievement system?
* Do you check all your achievements, every frame?
 No!

* |nstead, lets have other bits of the game simply tell the achievements when
things happen...

 E.g., when the player moves, the achievement system will just have a list of
delegates to run!
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Example use of delegates

 How would you build an achievement system?
* Do you check all your achievements, every frame?
 No!

* |nstead, lets have other bits of the game simply tell the achievements when
things happen...

 E.g., when the player moves, the achievement system will just have a list of
delegates to run!

 We have just come up with the Observer Programming Pattern
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Takeaways



Takeaways

* Pick an IDE - Visual Studio or JetBrains Rider are recommended!
 Keep in mind whether something is a value, or a reference!
 Be aware of garbage, and try to minimise generating garbage in your code!

* Delegates can really help clean up your code!
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Further reading




Further reading

* This QR code should take you to a bunch of
links for further reading

* Qutside of this, also explore learn.microsoft.com, Unity
Learn, and the Unity Documentation!

 Microsoft’s & Unity’s documentation are both really good,
especially compared to what you may be used to

* |t also has a direct link to the page to get the
JetBrains student plan, for free Rider!
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Further reading / Some highlights!

 Unity Learn
* Qreat for beginners, and is usually up to date and trusted

* (love u Unity Learn team <3)

» (Catlike Coding

 (Great resource for when you want to go a bit deeper!

e Acerola

 Amazing channel if you ever want to explore the more shadery / technical art side of gamedev - we’ll likely be
running some shader workshops in future, but, well worth a watch!
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A YouTube Tutorial / ChatGPT Warning A

| . o B Untitled 4 — Edited

hey g ys welcome to my C# tutur ;,al t oday we will be
learning how to make .nET applic



A YouTube Tutorial / ChatGPT Warning A

* Be careful with YouTube tutorials (or, StackOverflow, Unity Forums/Discussions,
etc etc...) and using ChatGPT

* Unity has changed quite a bit in the past few years

* Al tools are primarily trained on hobbyist code - there aren’t many open source

commercial Unity games! - so, common mistakes will get repeated, and it will
happily spout misinformation

* |f you need advice on if a tutorial should be trusted, reach out to us on PAL! We
can take a quick skim over, and give a temperature check for you



Next Sessions



Next Sessions

* Thursday

* Live game making workshop! Come along, and learn lots of practical Unity
tips, remaking a certain cult-classic in the Informatics department

 Other upcoming sessions
* Will be announced on the Englinf Discord!

 PAL can also help out with specific gamedev queries you may have!
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// [ Slide left intentionally empty for Q&A ]
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