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User defined types

e The family of values
e Why they matter

e Comparing characteristics



The humble struct

Colour

. Reel { get; set; }

t Green { get; set; }
Blue { get; set; }

il Colour has value equality()

orange = new Colour { Red = 0xXFF, Green = 0xA0, Blue = 0 };
text 7 Colour { Red 0xFF, Green 0xA0, Blue ;

Il
(@)
~

AsserttThat(eorange MistHqualiici(texE)NN;




Reference semantics

Colour
Red { get; S
Green { get; HE
Blue { ; S

Colour has value equality()

orange = 2w Colour { Red = 0xFF, Green = 0xAO0, Blue = 0 };
text Colour { Red 0xFF, Green 0xA0, Blue ;

Il
(@)
~

AsserttThat(eorange MistHqualiici(texE)NN;




Equals method

Object

virt

=> other

Equals (cbject? other)

S,

- orange = new Colour { Red = OxFF, Green = 0xAO, Blue = 0 };
apple = "I am an apple";

Assert.That (orange.Equals (apple), Is.False);




Classes as values

obj)
obj is Colour other &&
Getliype()IN==NcEtherliGetType (HNEE
Red == other.Red && Green == other.Green && Blue == other.Blue;

o > int GetHashCode ()
HashCode.Combine (Red, Green, Blue):;

void Colour has value equality ()

Colour { Red = 0xFF, Green = 0xAO, Blue = 0 };
w Colour { Red = 0xXFF, Green = 0xA0, Blue = 0 };

AsserttThat(orange s tEqualfol(Eex)NN;



Values and equality

Colour : IEquatable<Colour>

Colour (: T, g, vantib)
= (Reel, Cezen, Blue) = (&, @, @7
Red { get; }
Green ({ L
Blue { =2

Equals (Colour? other)

=> (obje ?)other == i |
othcrEl not &&
Red == other.Red && Green == other.Green && Blue == other.Blue;
: : Equals ( 2 ©loi))
=> Equals (obj as Colour) ;

2 ¢ GetHashCode ()
=> HashCode.Combine (Red, Green, Blue);



Convenient equality

lic static bool operator==(Colour? left, Colour? right)
=> left?.Equals (right) ?2? right is null;

lic static bool operator!=(Colour? left, Colour? right)
=> lleft?.Equals(right) ?2? right is not null;

ew Colour (0xFF, 0xA0, 0);
v Colour (0OxXFF, O0xA0, 0);

var orange
r text

Assert.That (orange == text, Is.True):;




Records

public sealed record Colour
i
public Colour(int r, int g, int b)
=> ((Reel, Ersch, Bllue) = (8, @, 9)7

public int Red { get; }
public int Green { get; }
public int Blue { get; }

var orange = new Colour (OxXFF, O0xA0, 0);
var text = new Colour (OxFF, 0xAO0, 0);

Assert.That (orange =— text, Is.True);




Positional records

public sealed record Colour (int Red, int Green, int Blue);
r orange = new Colour (Red: OxXFF, Green: 0xA0, Blue: 0);
var text = new Colour (Red: O0xFF, Green: 0xA0, Blue: 0);

Assert.That (orange == text, Is.True):;

Named properties

Assert.That (crange -Red,
Asserttiihati(orangenGreeny
Assert.That (orange.Blue,

Is.EqualTo (text.Red)) ;
L3 - EeuELINe (EEHE » EeEn) )] &
Is.EqualTo (text.Blue)) ;

Non-destructive mutation

var green = orange with { Red = 0, Green = OxFF };

Assert.That (orange, Is.EqualTo(text)):;
Assent - That(ReferenceEqualis (orange, Ngreeniy;

Is.False);




Value type record structs

v record Colour ( Red, Green, Blue) ;

Object initialization

: orange = Colour (OxXFF, 0xAOQ0, O0);

EESHIE = Colour { Red = O0xXFF, Green = 0xA0, Blue = 0 };



The Anemic Domain Model

"The basic symptom of an Anemic Domain Model is that at
first blush it looks like the real thing. There are objects, many

named after the nouns in the domain space,
and these objects are connected with the
rich relationships and structure

that true domain models have. The catch comes

when you L1 realize that there is hardly any
behavior on these objects, making them

little more than bags of getters and setters."

Martin Fowler



Values are in the design

Data Transfer Objects are not Domain Objects or Values

...Oor vice versa



Acceptlng the defaults

rrrrr : Temperature ( Amount) ;

What kind of Temperature?

eat = w Temperature(98.6) ;



Defining units

record struct Temperature (double InCelsius)

> InFahrenheit => InCelsius * 1.8 + 32;

ic Temperature FromCelsius (double c)
=> new Temperature (c) ;
lic sta Temperature FromFahrenheit (double f)
=> new Temperature((f - 32) / 1.8);

Explicit units for Temperature

r heatWave = Temperature.FromFahrenheit (98.6) ;

-~ bodyTemp = Temperature.FromCelsius (37);

r hot = bodyTemp.InFahrenheit;

Out of range

extraCold = Temperature.FromCelsius (-1000000) ;



Validating values

record Y iemperaEEe
i
Temperature ( val)
=> InCelsius = val
{
< =273.5 =2 i ArgumentOutOfRangeException (
_ =2 walll
}i
InCelsius { ;
' Temperature FromCelsius (dou e)
=> n Temperature(c);

Range validation

< A @ie > B0 = ArgumentOutOfRangeException ( e )



Floating point comparisons

heatWave = Temperature.FromFahrenheit (98.6);
bodyTemp = Temperature.FromCelsius (37);

Assert.That (heatWave, Is.EqualTo (bodyTemp)) ;

Expectccd:=manid
Buthwa sk 3611999999 999999993d



Compiler-generated Equals

Temperature : IEquatable<Temperature>

Equals (Temperature other)
=> EqualityComparer< >_Default.Equals (InCelsius, other.InCelsius):;

GetHashCode ()
=> EqualityComparer< >.Default.GetHashCode (InCelsius) ;

InCelsius { e



Custom Equals

record Temperature

Equals (Temperature other)
=> Math.Round (Math.Abs (InCelsius - other.InCelsius), 7) == 0;

ylic c : GetHashCode ()
=> InCelsius.GetHashCode () ;

InCelsius { get; }



Sorting

public readonly record struct Temperature : IComparable<Temperature>

{

double InCelsius { get; }

int CompareTo (Temperature other)
InCelsius.CompareTo (other.InCelsius) ;

static bool operator< (Temperature left, Temperature right)
left.CompareTo(right) < 0;

static bool operator> (Temperature left, Temperature right)
left.CompareTo(right) > O0;



Default initialization

freezing = Temperature () ; Perha pS
sealed record Temperature

would be better



Defaults work for some types

P S Just remember:default-initialized
' ' ' reference properties are null



Records are great when...

e there are no floating-point fields

e ...or references which may be null

e don't need to be sorted

Positional records are very compact if the defaults are fine
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