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Bonus *

Chapter architecting apps with the myvm pattern

*
* Great apps on the inside and outside

T

YES, FRANK, I UNDERSTAND THAT
YOU DON'T WANT US SEEING OTHER
PEOPLE, BUT EVERYONE KNOWS
THAT OBJECTS WORK BEST WHEN
THEY'RE LOOSELY COUPLED.- .-

Your apps need to be more than just visually stunning.

When you think of design, what comes to mind? An example of great building architecture? A
beautifully-laid-out window? A product that's as aesthetically pleasing as it is well-engineered?
Those same ideas behind great visual and aesthetic design apply to your code—and we’re not
just talking about the way your program looks when it runs, but the way that the code itself is
designed. In this chapter, you'll learn about the Model-View-ViewModel design pattern and
how you can use it to build well-architected, loosely coupled apps. Along the way, you'll learn
about what it means to keep track of your application’s state, and you’ll learn how the MVVM

can help you build code that’s easier to maintain—even if you haven'’t looked at it in a year.

*

Head First C# — https://github.com/head-first-csharp/fourth-edition



ana and jimmy

The Head First Basketball League needs an app

Jimmy and Ana are the captains of the two top teams in the Head First Basketball League,
Objectville’s amateur basketball league. They’ve got some great players, and those players
deserve a great app to keep track of who’s starting and who’s on the bench.

Eath team has starting players
and benth players, and eath
player has a name and a number.

M

B | Head First Basketball League

The Amazins
Starting Players

The Bombers

Starting Players
Jimmy (#42)
Henry (#11)
Bob (#4)
Lucinda (#18)
Kim (#16)

Ana (#31)
Lloyd (#23)
Kathleen (#6)
Mike (#0)
Joe (#42)

Bench Players Bench Players

Bertha (#23)
Ed (#21)

Herb (#32)
Fingers (#8)

f

There are four different ListBox controls in this window
that list the starting and bench players for each team.
They will use their ltemsSource properties to bind to

ObservableCollection objects. Flip back to the downloadable
“Two Decks” project from Chapter 8 if you need a refresher on
how ListBox controls and ObservableCollection objects work.




architecting apps with the pattern

But can they agree on how to build it?

Uh oh—Ana and Jimmy have different ideas about how to build this app, and the
argument’s starting to get a little heated. It sounds like Ana really wants it to be easy
to manage the data that’s displayed in the window, while Jimmy cares a lot about
simplifying the data binding. This may make for a great off-court rivalry, but it’s not
going to make it any easier to build the app!

IT SEEMS PRETTY
OBVIOUS TO ME THAT WE

NEED TO MAKE IT EASY TO
ADD DATA, RIGHT?

Jimmy: Hold on there, cowboy. Sounds a little short-sighted.

Ana: I'm sure you just don’t understand what I'm telling you, so I'll talk
real slow and spell it out for you. We’ll start with a simple Player class that
has properties for the name, number, and whether the player’s a starter.

Jimmy: Yes, I understand what you’re saying. But you’re not listening to me.
You're thinking about how to model the data.

Ana: Clearly. That’s where everything starts.
Jimmy: That makes it convenient to create the data.
Ana: You're getting it—

Jimmy: I'm not done. What about the rest of the app? We’ve got ListBox
and TextBlock controls that need to display the data. If we don’t have
collections for the controls to bind to, they won’t work.

Ana: Um...

Jimmy: Exactly. So we may need to make a couple of, ah, tactical
decisions in our object model.

Ana: You mean, we need to compromise by creating a lousy object model
that’s hard to work with, because we need something to bind to.

Jimmy: Unless you've got a better idea.

How can you create classes that are easy to bind to, but still
have an object model that makes it easy to work with the data?




use the right tool for the job

Do you design for binding or for working with data?

You already know how important it is to build an object model that makes your data easy to work
with. But what if you need to do two different things with those objects? That’s one of the most
common problems that you face as an app designer. Your objects need to have public properties
and ObservableCollections to bind to your XAML controls. But sometimes that makes your data
harder to work with, because it forces you to build an unintuitive object model that’s difficult to

work with.
Player Roster
Name: string TeamName: string
Number: int Players: IEnumerable<Player>
Starter: bool

It’s hard to optimize your classes
to make it easy to slice and dice
your data with LINQ queries...

var startingPlayers = _roster.Players

.Where(player => player.Starter)
.Select(player =>

new PlayerViewModel(player.Name, player.Number));

|£ You model Your /

data like this, it
limits your ability to
build the windows
that you want.

...if you also need to be able

to bind that data to the XAML
controls on your app’s windows.

BINDING

ItemsSource="{Binding}"

~
)

<. .
“St8ox 3%

q’//ecfm“
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O
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[£s easy 4o build the
wrong +ool ‘COY the :)Ob!

[10 \/ou modcl yow
data like this, it's
easier 1o build Your
windows but harder to

ObservableCollection

——
write tode to query
and manage the data.
Player Roster League
Name: string TeamName: string JimmysTeam: Roster
Number: int Starters: AnasTeam: Roster
ObservableCollection
Bench:

[t would be
rcally Lonvcnicw{;
to have private
methods here
to ereate data.
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architecting apps with the pattern

MVVM lets you design for binding and data

Almost all apps that have a large or complex enough object model face the problem
of having to either compromise the class design or compromise the objects

available for binding. Luckily, there’s a design pattern that app developers use to
solve this problem. It’s called Model-View-ViewModel (or MVVM), and it
works by splitting your app into three layers: the model to hold the data and state
of the app, the view that contains the windows and controls that the user interacts
with, and the viewmodel that converts the data in the model into objects that can
be bound and listens for events in the view that the model needs to know about.

Any object that the user directly
interacts with goes in the view.

That includes windows, buttons, text, grids,
StackPanels, ListBoxes, and any other
controls that can be laid out using XAML.
The controls are bound to objects in the
viewmodel, and the controls’ event handlers
call methods in the viewmodel objects.

The viewmodel has the properties
that can bind to the controls in
the view.

The properties in the view get their data from
the objects in the model, convert that data into
a form that the view’s controls can understand,
and notify the view when the data changes.

All of the objects that hold the
state of the app live in the model.

This is where your app keeps its data. The
viewmodel calls the properties and methods
in the model. If there are objects that change
throughout the app’s lifetime, or if data
needs to be saved or loaded from files, those
things go here.

Y MVVM is a Pa{:{:crn

that uses the cxis{:ing
tools you alveady have,
Jjust like the callback
and Observer patterns
in the last chapter.

The
viewmodel

is like the
plumbing
that connects
the o]ojects in
the view to
the o]ojects
in the moJel,
using tools
you alreaJy
know how to
work with.



apply the mvvm pattern

Use the MVVM pattern to start building
the basketball roster app

Create a new WPF application and make sure it’s called BasketballRoster
(because we’ll be using the namespace BasketballRoster in the code, and this will

make sure your code matches what’s on the next few pages). I( DQ JdﬂS

Q Create the Model, View, and ViewModel folders in the project.
Right-click on the project in the Solution Explorer and choose New Folder from the Add menu:

Solution Explorer A X

" When you use the Solution Explorer to add a new folder to

@ @ aE kF your project, the IDE creates a new namespace based on
Search Solution Explorer (Ctrl+) B the folder name. This causes the Add(IClass... menu option
' to create classes with that namespace. So if you add a
a1 Solution 'BasketballRoster" (1 of 1 project) class to the Model folder, the IDE will add BasketballRoster.

4 BasketballRoster Model to the namespace line at the top of the class file.

> & Dependencies

> L) Appxaml
C* Assemb Add * 3 New ltem.. Ctrl+Shift+A
> L) MainWj @ Manage NuGet Packages... O Existing Item... Shift+Alt+A
Manage User Secrets * New Folder

Solution Explorer | Team Explorer

Add a Model folder.

Then do it two more times to add the View and ViewModel folders, so your project looks like this:

Solution Explorer + B X
@8 o-5aB s
Search Solution Explorer (Ctrl+;) P~

131 Solution 'BasketballRoster' (1 of 1 project)
4 BasketballRoster
D & Dependencies

These folders will hold
the classes, tontrols, and
windows co\r Your app-

b LT Appxam

C* Assemblylnfo.cs
> ) MainWindow.xaml

Solution Explorer | Team Explorer

6 Head First C# — https://github.com/head-first-csharp/fourth-edition




Q Start building the model by adding the Player class.
Right-click on the Model folder and add a class called Player. When you add
a class into a folder, the IDE updates the namespace to add the folder name to the

When You add a elass file into

end. Here’s the Player class:

architecting apps with the pattern

Player
namespace BasketballRoster.Model { &— a folder, the [DE adds the Name: string
class Player { folder name to the namespace. Number: int
public string Name { get; private set; } Starter: bool

@ Finish the model by adding the Roster class

public int Number { get; private set;

public bool Starter { get; private set; }

public Player(string name, int number,
Name = name;
Number = number;
Starter = starter;

Different tlasses tonterned

}

bool starter) {

1

with different things? YR

This sounds ‘(:amihar...

concerned with displaying the data, just managing it.

These classes are small because they’re only
concerned with keeping track of which players are
in each roster. None of the classes in the model are

Next, add the Roster class to the Model folder. Here’s the code for it.

namespace BasketballRoster.Model {
class Roster {

The _ tells you
that this field

is private.

}

public string TeamName { get; private

private readonly List<Player> _players
public IEnumerable<Player> Players {

get => new List<Player>(_players);
}

public Roster(string teamName, IEnumer
TeamName = teamName;
_players.AddRange(players);

Your Model folder should now look like this: se——

We added an underscore to the beginning
of the name of the _players field. Adding
an underscore to the beginning of private
fields is a very common naming convention.
We’'re going to use it throughout this

chapter so you can get used to seeing it.

Roster

TeamName: string

Players: IEnumerable<string>
set; } 4 g

= new List<Player>();

able<Player> players) {

4 @ Model
b c* Player.cs
[+ C# Roster.cs

We'll add the view on the next page >



take control of your controls

e Add a new main window to the View folder.

Right-click on the View folder and add a new Window called LeagueWindow.

OK \T\T\T‘ﬁel

0 New ltem... Ctrl+Shift+A Add
’CI Existing Item... Shift+Alt+A Scope to This
4 New Folder & New Solution Explorer View

REST API Client... Exclude From Project

Window (WPF)... & Cut
Page (WPF).k [ Copy

ViewModel

C* Assemblylnfo.cs
) MainWindow.xaml

n Explorer | Team Explorer

Your project’s View folder should now have a XAML file called LeagueWindow.xaml. This is just like the
MainWindow.xaml window that you’ve been working with throughout the book. It’s still a Window object
defined with XAML. The only difference is that it’s called LeagueWindow instead of MainWindow, and
the .xaml and .xaml.cs files live inside the View folder instead of the root folder of the project.

e Delete the main window and replace it with your new window.

Delete the MainWindow.xaml! file from the project by right-clicking on it and choosing Delete. Now try
building and running your project—you’ll get an exception when the program starts:

Exception Unhandled

System.l0.10Exception: 'Cannot locate resource ‘mainwindow.xaml".!

This exception was originally thrown at this call stack:
[External Code]

X

When you delete MainWindow.xaml, the
IDE will also delete MainWindow.xaml.es.

Well, that makes sense, since you deleted MainWindow.xaml. When a WPF application starts up, it shows
the window specified in the StartupUri property in the <Application> tag in App.xaml.

- <Application x:Class="BasketballRoster.App"

xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation”

xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"
xmlns:local="clr-namespace:BasketballRoster"

StartupUri="MainWindow.xaml|">
E <Application.Resources>

l </Application.Resources>
</Application>

Open App.xaml and edit StartupUri so your program pops up the window you just added:

<Application x:Class="BasketballRoster.App"

xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation”

xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"
xmlns:local="clr-namespace:BasketballRoster"

StartupUri="View/LeagueWindow.xaml">

Once you make that change, rebuild and rerun your app. Now it should start and show an empty window.

8 Head First C# — https://github.com/head-first-csharp/fourth-edition




architecting apps with the pattern

User controls let you create your own controls

Take a look at the basketball roster program that you’re building. Each team gets an

identical set of controls: a TextBlock, another TextBlock, a ListBox, another TextBlock,

and another ListBox, all wrapped up by a StackPanel inside a Border. Do we really need to

add two identical sets of controls to the window? What if we want to add a third and fourth UserCOHtrol
team—that’s going to mean a whole lot of duplication. And that’s where user controls

come in. A user control is a class that you can use to create your own controls. You use is a l)ase class

XAML and code-behind to build a user control, just like you do when you build a window.

Let’s get started and add a user control to your BasketballRoster project. tllat lets you
€ Add a new user control to your View folder. define your

Right-click on the View folder and add a new item. Choose User Control own con‘trols
‘.’:l User Control (WPF).. ‘ from the dialog and call it RosterControl. xaml.

© Look at the code-behind for the new user control. to use in your
Open up RosterControl.xaml.cs. Your new control extends the UserControl base X AML aPPs.
class. Any code-behind that defines the user control’s behavior goes here. .
- namespace BasketballRoster.View You (IeSIgn

{
= /// <summary>

/// Interaction logic for RosterControl.xaml yOl[l" CO(Ie

/// </summary>

= public partial class RosterControl : UserControl * 1‘ XAM
{ wit

- public RosterControl()
{ and code-

InitializeComponent();
} . .
| } l;eluml, ]ust

© Look at the XAML for the new user control. lll(e a Win(IOW.

The IDE added a user control with an empty <Grid>. It looks just like the XAML for a window, but
instead of defining the layout of a window, it defines the layout of a control. The control that
you’re designing works just like any other control you’ve used. Once you’re done with it, you’ll be
able to use 1t just like you use a TextBlock, Button, or Listbox.

<UserControl x:Class="BasketballRoster.View.UserControll"
xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation”
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"
xmlns:mc="http://schemas.openxmlformats.org/markup-compatibility/2006"
xmlns:d="http://schemas.microsoft.com/expression/blend/2008"
xmlns:local="clr-namespace:BasketballRoster.View"

mc:Ignorable="d"

d:DesignHeight="450" d:DesignWidth="800"> A UserControl has DesignHeight and
<Grid> : DesignWidth tags where a Window
}‘/OV Il be veplating would normally have Title, Height, and
</Grid> this Grid with XAML Width. These properties determine how
</UserControl> tode to display your the control is displayed in the designer.
basketball voster. The control’s actual width and height at
runtime are set by its layout properties.

9



model view viewmodel

O Finish the RosterControl XAML.

Here’s the code for the RosterControl user control that you added to the View folder. Your
RosterControl will a new Border control that you haven’t seen yet. This line of XAML code creates a
container with a 2-pixel blue border with curved corners and a black background:

<Border BorderThickness="2" BorderBrush="Blue" CornerRadius="6" Background="Black">

The Border control can contain one other control—in this case, a vertical StackPanel that contains
TextBLock and ListBox controls. Here's the XAML for the UserControl:

<UserControl x:Class="BasketballRoster.View.RosterControl"
xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation”
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"
xmlns:mc="http://schemas.openxmlformats.org/markup-compatibility/2006"
xmlns:d="http://schemas.microsoft.com/expression/blend/2008"
xmlns:local="clr-namespace:BasketballRoster.View"
mc:Ignorable="d"
d:DesignHeight="450" d:DesignWidth="300">

<Border BorderThickness="2" BorderBrush="Blue" CornerRadius="6" Background="Black">
<StackPanel Margin="20">
<TextBlock Foreground="White" FontFamily="Segoe" FontSize="20px"
FontWeight="Bold" Text="{Binding TeamName}" />
<TextBlock Foreground="White" FontFamily="Segoe" FontSize="16px"
Text="Starting Players" Margin="0,5,0,0"/>
<ListBox Background="Black" Foreground="White" Margin="0,5,0,0"
ItemsSource="{Binding Starters}" />
<TextBlock Foreground="White" FontFamily="Segoe" FontSize="16px"
Text="Bench Players" Margin="0,5,0,0"/>
<ListBox Background="Black" Foreground="Wwhite"
ItemsSource="{Binding Bench}" Margin="0,5,0,0"/>

This user tontrol uses
Lamiliav )(AML tontrols
and data binding to
display a list of playevs.
The ListBox tontrols
work \')us{: like the ones
in Your “Two Decks” app

in Chaytev 8.
</StackPanel>

</Border>
</UserControl>

Did you notice how we gave you properties for binding, but no data context? That should make sense. The two
controls in the window show different data, so the window will set different data contexts for each of them:

<view:RosterControl Width="200" DataContext="{Binding JimmysTeam}" Margin="0,0,20,0" />
<view:RosterControl Width="200" DataContext="{Binding AnasTeam}" />

BINDING BINDING

ItemsSource="{Binding}" ItemsSource="{Binding}"

Cé//ec'\"\o“

n AL 9
<yh90x>60§P ébéPVtkie

’k Each user tontrol has its own instante of the
viewmodel ob\)cc{:, which it keeps as a statie vesource.

10 Head First C# — https://github.com/head-first-csharp/fourth-edition




architecting apps with the mvvm pattern

Exercise

G Add the Roster controls to LeagueWindow.xaml.
Set the window’s title to Head First Basketball League, its height to 350, and its width to
450. Next, create an empty class called LeagueViewModel in the ViewModel folder.

Then add an xmlns:viewmodel propery to League Window.xam! to use the viewmodel objects:

Build the viewmodel for the BasketballRoster app by looking at the data in the
model and the bindings in the view, and figuring out what “plumbing” the app
needs to connect them together.

xmlns:local="clr-namespace:BasketballRoster.View"

xmlns:viewmodel="clr-namespace:BasketballRoster.ViewModel"

}' The xmlns: properties are like using
directives for your XAML code. When you

Run your app to make sure it still works (and to rebuild it). created the user control, it automatically
Then add an instance of LeagueViewModel as a static resource: added xmlns:local to access the

<Window.Resources>

objects in the namespace it lives in.

<viewmodel:LeagueViewModel x:Key="LeagueViewModel"/> You'll add xmins:viewmodel to access

</Window.Resources>

Now you can replace the grid with a StackPanel that contains two RosterControl controls:

<StackPanel Orientation="Horizontal" Margin="5"

VerticalAlignment="Center" HorizontalAlignment="Center"

DataContext="{StaticResource ResourceKey=LeagueViewModel}" >
<local:RosterControl Width="200" DataContext="{Binding JimmysTeam}" Margin="9,0,20,0" />
<local:RosterControl Width="200" DataContext="{Binding AnasTeam}" />

</StackPanel>

Create these three classes in the ViewModel folder.

e Create the viewmodel classes. /

the objects in the ViewModel folder.

Make sure You treated the tlasses and windows
in the vight folders. Otherwise, the namespaces
won't mateh the tode in the solution.

PlayerViewModel RosterViewModel LeagueViewModel
Name: string TeamName: string JimmysTeam: RosterViewModel
Number: int Starters: ObservableCollection AnasTeam: RosterViewModel

<PlayerViewModel>

Bench: ObservableCollection
<PlayerViewModel>

private GetBomberPlayers(): Model.Roster
private GetAmazinPlayers(): Model.Roster

constructor:
RosterViewModel(Model.Roster)

private UpdateRosters()

(j

G Make the viewmodel classes work.

* The PlayerViewModel class is a simple data object with two properties. tlass in Step .

* The LeagueViewModel class has two private methods to create data for the window. It creates
You learned Model.Roster objects for each team that get passed to the RosterViewModel constructor.

all about %  The RosterViewModel class has a constructor that takes a Model.Roster object. It sets the

LIN® in —=  TeamName property, and then it calls its private UpdateRosters () method, which uses LINQ

Chapter 9. queries to extract the starting and bench players and update the Starters and Bench properties.
Add using Model; to the top of the classes so you can use objects in the Model namespace.

You alveady eveated
the LcagucVicwModd

If the IDE gives you an error message in the XAML designer that LeagueViewModel does not

exist in the ViewModel namespace, but you’re 100% certain you added it correctly, right-click on
the BasketballRoster project and choose Unload Project, and then right-click again and choose 11
Reload Project to reload it. But make sure you don’t have any errors in any of the C# code files.




exercise solution

The viewmodel for the BasketballRoster app has three classes: LeagueViewModel,
PlayerViewModel, and RosterViewModel. They all live in the ViewModel folder.

%:Rc‘% namespace BasketballRoster.ViewModel { If you left out the using Model; line
oLution using Model; then you’d have to use Model.Roster

using System.Collections.ObjectModel; instead of Roster everywhere.

class LeagueViewModel {
public RosterViewModel AnasTeam { get; set; }
LcagucvqewﬂﬂodclcxPosci//’% public RosterViewModel JimmysTeam { get; set; }

RosterViewModel ob)céﬁs

public LeagueViewModel() {
that a.Rcsfchontroldan var anasRoster = new Roster("The Bombers", GetBomberPlayers());
use as its data tontext. AnasTeam = new RosterViewModel(anasRoster);
[t eveates the Roster

. var jimmysRoster = new Roster("The Amazins", GetAmazinPlayers());
modclochcf for the \\\\"‘___;’JimmysTeam = new RosterViewModel(jimmysRoster);
RosterViewModel to use. }

private IEnumerable<Player> GetBomberPlayers() {

This yﬁvatc method return new LisE<P1ayer>() { )
Player("Ana", 31, true
enevates data for new o 2t ’ .
Zhe Bombers b o e hatitetnt 5, oo Hard-cored data—or data
c\rca{:ing a new List new Player("Mike", @, true), that’s epr|_0|tly added.m the
of Player obieets new Player("Joe", 42, true), code—typically goes in the
yev opjetts. new Player("Herb",32, false), viewmodel because the state
new Player("Fingers",8, false), of an MVVM application is
} ¥ managed using instances
of the model classes that
private IEnumerable<Player> GetAmazinPlayers() { | are encapsulated inside the
return new List<Player>() { | viewmodel objects.
You use ¢elasses from new Player("Jimmy",42, true),
{hc view to gborc new Player("Henry",11, true),
. new Player("Bob",4, true),
-owr da{"a_‘ which new Player("Lucinda", 18, true),
is why this method new Player("Kim", 16, true),
veturns Player new Player("Bertha", 23, false),
ob)cc{s and not y new Player("Ed",21, false),
PlayerViewModel y
Ob.CC‘tS- } ) .
) } Hcrc s the PlayerViewModel. [£'s just a
. simple data object with properties for
namespace BasketballRoster.ViewModel { the data mebec +o bind to.

class PlayerViewModel {
public string Name { get; set; }
public int Number { get; set; }

public PlayerViewModel(string name, int number) {
Name = name;
Number = number;

}

public override string ToString() => $"{Name} (#{Number})";

}

If the IDE gives you an error message in the XAML designer that LeagueViewModel does not
exist in the ViewModel namespace, but you’re 100% certain you added it correctly, right-click on
the BasketballRoster project and choose Unload Project, and then right-click again and choose

12 | Reload Project to reload it. But make sure you don’t have any errors in any of the C# code files. |




architecting apps with the mvvm pattern

namespace Baske’FballRoster.ViewMOdel { In a typical MVVM app, only classes in the viewmodel
using Model; implement INotifyPropertyChanged because those are

using System.Collections.ObjectModel; .
using Sistem. Ling; J ’ the only objects that XAML controls are bound to.

class RosterViewModel {
public ObservableCollection<PlayerViewModel> Starters { get; set; }
public ObservableCollection<PlayerViewModel> Bench { get; set; }

private Roster _roster; &~__ This is where the app stoves its state—in Roster ob\)cc{:s
encapsulated inside the viewmodel. The vest of the ¢lass translates

the model data into properties that the view ean bind to.

private string _teamName;
public string TeamName

{ Whenev
get { return _teamName; } enever the 7EanJV§mc PYOFCY{Y
set { _teamName = value; } dhangcs, the RosterViewModel fives off
} f, PYOFCY‘(:\/Changcd event so any ob\)ccf
public RosterViewModel(Roster roster) ound o it WJlget uFdafcd.
{
_roster = roster;
Starters = new ObservableCollection<PlayerViewModel>();
Bench = new ObservableCollection<PlayerViewModel>();
TeamName = _roster.TeamName; This LIN® query
UpdateRosters(); £inds all the S‘Ea!r{:mg
) players and ¢reates
- . PlayerViewModel
?rlvate void UpdateRosters() &ﬁ////’//— OQJCC{A 4o add o the
var startingPlayers = _roster.Players Starters eolleetion.
.Where(player => player.Starter)
.Select(player => new PlayerViewModel(player.Name, player.Number));
foreach (var playerViewModel in startingPlayers)
Starters.Add(playerViewModel);
var benchPlayers = _roster.Players ) ‘milav LIN®
.Where(player => !player.Starter) Heve's a SE?| th
.Select(player => new PlayerViewModel(player.Name, player.Number)); <~ query to ind The
beneh players.
foreach (var playerViewModel in benchPlayers)
Bench.Add(playerViewModel);
¥

In a typical MVVM WPF app, only classes in the viewmodel implement INotifyPropertyChanged.

That's because the viewmodel contains the only objects that XAML controls are bound to. In this project,
however, we didn’t need to implement INotifyPropertyChanged because the bound properties are
updated in the constructor. If you wanted to modify the project to let Ana and Jimmy change their team
names, you'd need to fire a PropertyChanged event in the TeamName set accessor.

you are here » 13



user controls help separate your app’s concerns

TISN/T A USER CONTROL BASICALLY JUST A WAY
TO SPLIT YOUR XAML ACROSS A FEW FILES?

User controls are fully functional
controls that you build.

And like every other control, a user control is an
object—in this case, an object that extends the
UserControl base class, which gives you familiar
properties like Height and Visibility, and routed events
like Tapped and PointerEntered. You can also add
your own properties, and you can use the other XAML
controls to make very intricate, even visually stunning
user interfaces. But most importantly, a user control
lets you encapsulate those other controls into a single
XAML control that you can reuse.

WAIT A MINUTE...THIS STUFF ABOUT
ENCAPSULATION AND SEPARATING OBJIECTS INTO
LAYERS SOUNDS REALLY FAMILIAR. DOES THIS HAVE
SOMETHING TO DO WITH SEPARATION OF CONCERNS ?

That’s right! The model, view, and viewmodel
divide up the concerns of the program.

One of the most challenging parts of designing a large, robust
app 1s choosing which objects do what. There’s an almost infinite
number of ways to design your app. That’s great, because it
means that C# gives you flexible tools to work with. But it’s also
a challenge, because today’s decisions can make tomorrow’s
changes very difficult to manage. MVVM helps you separate the
concerns about the data in your app from the concerns about its
UL This makes it easier to design your app by helping you figure
out exactly where data goes and where Ul elements go, and by
giving you patterns to help connect them together.

When a thange {0 one ¢tlass vequires thanges /\

o two more, whith then vequive more thanges

o additional classes, there's a name (’};)r {:ha{:; Separation of tonterns is a great way bo prevent
P\rog\rammcrs call it \Ksho‘{‘,gun su\rgcr\/,, and it’s K Problc"\s like {ha&, and MVVM is a very usc‘&]
very (:rus’cvaﬁng—-csyccially when You've in 3 hurey- Lpol to help you separa Le some important Ehings

that almost every app is toncerned with.
14  Head First C# — https://github.com/head-first-csharp/fourth-edition




Dum

Q,: So what'’s stopping me from
putting controls in the viewmodel or

ObservableCollections in the model?

A: Nothing at all—except that once you do,
you're no longer really separating concerns.
When you mix up objects that have to do
with the way your app displays its Ul to

the user with parts that manage its state,
you're no longer separating those different
concerns, and that defeats the purpose of the
MVVM design pattern. Classes like windows,
buttons, user controls, and observable
collections are concerned with creating the
user interface that's displayed to the user. If
you put them in the view, that makes it easier
for you to manage your codebase as your
app grows larger. When you trust the MVVM
pattern today, your life is better tomorrow
because your code is easier to manage.

Q: I still don’t get what state means.

A: When people talk about state they
mean the objects in memory that determine
what your app “knows”: the text being edited
by a text editor, the location of the enemies
and player and the score in a video game,
the values of the cells in a spreadsheet, the
amount of honey in the vault and the bees
in the hive in the Beehive Management
System that you built in Chapter 6. It's okay
if the concept of state seems weird—it may
take some time to wrap your brain around it,
because it's sometimes difficult to say “this
object is part of the state” and “that object
isn’'t.” One of the goals of the next project

in this chapter is to help you get a practical,
realistic handle on what state really means.

architecting apps with the

theregre no

Questions

Q:Why do I need using Model; at
the top of my viewmodel classes?

-~ When you created classes in the Model
folder, the IDE automatically created them
in the BasketballRoster.Model
namespace. The dot in the middle of that
namespace means that Model is underneath
BasketballRoster. Any other class in a
namespace under BasketballRoster can
access classes in Model by either adding
Model. to the beginning or adding a using
line. Outside the BasketballRoster
namespace, classes will need to add using
BasketballRoster.Model; instead.

Q:I keep seeing a triangle with an
exclamation point in my window. What'’s
that about?

A: The IDE’s XAML designer is a pretty
sophisticated piece of machinery. It works so
well that we sometimes forget just how much
work it has to do to display a window and
update it as we modify the XAML. Now that
the BasketballRoster program is finished, the
designer shows you the data for both teams.
But wait a minute—isn’t that data created

in private methods in the viewmodel? That
means the designer must be running those
methods every time it updates the window.
So for it to be able to run properly, those
methods have to be compiled. If you modify
the controls that are on the window, then the
latest C# code hasn’t been compiled yet, so
the designer is telling you that the window
that it's displaying may be out of date.
Rebuild the code and the exclamation points
usually disappear.

pattern

Q: The BasketballRoster app | just built
only has data that’s created when it starts
up. What if | want to add a feature to
modify the data in the model—how would
that work?

A: Let’s say you wanted to modify your
BasketballRoster program to let Jimmy and
Ana trade players. You already know that

the ListBox controls in the view are bound

to ObservableCollection objects, so the
viewmodel communicates with the view using
PropertyChanged and CollectionChanged
events. And you can have the model
communicate with the viewmodel in exactly
the same way. You could add an event,
RosterUpdated, to the Roster object. The
RosterViewModel would listen to that event,
and its event handler would refresh the
Starters and Bench collections, which would
then fire off CollectionChanged events, which
would update the ListBox controls.

Events are a good way for the model to
communicate to the rest of the app because
the model doesn’t need to know if any

other classes are listening to the event. It
can go about its business managing the
state, and let some other class worry about
getting input and updating the user interface
because it's decoupled from the classes in
the viewmodel and the view.

When you trust the MVVM Pattern t0c[ay, your project will be

better tomorrow, hecause your app’s code will be easier to manage.

15



model versus viewmodel

Fireside Chats

Model:

I'm not quite sure why we’re even having this discussion.

Where would you be without me? I've got the data; I've
got the important logic that determines how the app
works. Without me, you’d have nothing to do.

Well, as far as you’re concerned, I may as well be.

You wouldn’t dare.

Now you know why I only speak to you through events.
You’re just so annoying!

Of course I do! If T didn’t encapsulate my data, who
knows what damage you might cause?

Absolutely! I don’t trust anything except my own private
methods to manage my data; otherwise, the whole state
of our app could go haywire. But I’'m not the only one
who plays this game! Why don’t you ever let me talk to
the view? He seems like a good guy.

How dare you! Raise PropertyChanged events? No

self-respecting Model has ever raised a PropertyChanged

event! I'm insulted you’d even suggest I'm concerned

with anything but data. What kind of layer do you think

I am?

Tonight’s talk: A model and a viewmodel have a heated debate
over the critical issue of the day, “Who’s needed more?”

Viewmodel:

There you go again, thinking that you’re the center of the
universe.

Ha! What would happen if I decided to stay home?

Try me! Without me, you’d be useless. The view would
have no idea how to talk to you. The controls would be
empty, and the user would be left in the dark.

You know what? Let’s talk about that for a minute. Why is
it that you can’t even let me see your internals? You only
expose methods and properties to me, and you’ll only ever
send me messages through event arguments.

It sounds like someone has trust issues.

You barely even speak the same language as the view!
I’'ve never seen you fire a PropertyChanged event—in
fact, I don’t think any of your objects even implement
INotifyPropertyChanged.

16 Head First C# — https://github.com/head-first-csharp/fourth-edition




architecting apps with the pattern

The ref needs a stopwatch

Jimmy and Ana had to call off their last game because the
referee forgot his stopwatch. Can we use the MVVM pattern to

build a stopwatch app for them?

How's the vef
9oing to enforce
the three—setond
vule without it?

In this project, we’ll take a deep dive into MVVM: what it means to store
state, how the viewmodel bridges the gap between the model and the
view, and how the MVVM pattern can help you build more maintainable
code. We’ll do this by first creating a .NET Core Console app that follows
the pattern, and then adding a WPF app that uses the same viewmodel.

17



what does really mean?

MVVM weans thinking about the state of the app

MVVM apps use the model and view to separate the state from the user interface. So when you
start building an MVVM app, the first thing you usually do is think about exactly what it means to
manage the state of the app. Once you’ve got the state under control in your brain, you can start
building the model, which will use fields and properties to keep track of the state—or everything
the app needs to keep track of to do its job. Most apps need to modify the state as well, so the
model exposes public methods that change the state. The rest of the app needs to be able to see the
current state, so the model provides public properties.

So what does it mean to manage the state of a stopwatch?

The stopwatch knows
whether or not it’s running.

You can see at a glance whether or
not the hands are moving, so the

stopwatch Model needs to have a The elapsed time is
way to tell whether or not it’s running, always available. Tlle MOC[@[ l(eePS
__ Whether it’s the hands on an
analog stopwatch or numbers traCk O{ tlle state
on a digital one, you can
always see the elapsed time. 0{ tlle aPP: Wllat
the app knows
The lap time can rlgl‘t now. It
be set and viewed. ProviJes actions
Most stopwatches have a .
lap time function that lets tllat m0c[1fy tlle
you save the current time 9 c[
without stopping the clock. aPP s state an
Analog stopwatches use an .
extra set of hands to show Proper ties to
the lap time, while digital le 1 tlle rest o {

stopwatches usually have a
separate lap time readout.

the app see the
current state.
The stopwatch can stop, start, and reset.

The app will need to provide a way to start the stopwatch,
stop it, and reset the time, which means the model will
need to give the rest of the app a way to do this.

18



architecting apps with the pattern

J/our stepwatch app’s state up close

What does it really mean to store the state of a stopwatch?

The state of the stopwatch is all of the information it “knows” at any particular moment in time. Let’s take a closer look at
how you'll keep track of the state in your stopwatch app.

Part 1: The stopwatch knows if it’s running and when it was started

When you pick up a stopwatch it shows zero until you start it. When you do, it starts counting up. You'll break this
project down into three parts, and in the first part your stopwatch will either display 00:00:0.0 or it the elapsed time What
information does the stopwatch model need to keep track of so it can give the viewmodel and view to do that?

In your stopwatch model, all you need to keep track of is whether the stopwatch is running, and if it is, when it started.
Then you'll use that information to calculate the elapsed time:

I STARTED AT 2:30:15,
AND IT/S NOW 2:20:32,

SO 17 SECONDS HAVE
ELAPSED.-

T HAVEN'T BEEN
STARTED YET-

\\/

00:00:00 —p starl T — O00:00: 17

/AN The user interface will peviodically
,L vefresh itself and check the state
Part 2: The stopwatch also knows when it’s paused to display how much time has elapsed.

In the second part of the project, you'll let your user pause the stopwatch. To do this, the model will need to keep track of
whether or not it's paused. When the user pauses the stopwatch, the model will keep track of when it was paused. When
the user unpauses, the model will figure out the total timespan that it was paused and subtract it from the elapsed time.

I WAS STARTED AGAIN AT
2:22:58, SO I WAS PAUSED FOR
16 SECONDS. IT/S NOW 2:33:03,

BUT I NEED TO SUBTRACT THOSE
16 SECONDS TO CALCULATE THE
ELAPSED TIME.-

I WAS PAUSED AT
2:32:42.

W\ /
00:00: 17 —» starl T — O00:00:23
-7 v\

Part 3: The stopwatch keeps track of the lap time

In the third part of the project, you'll let the user tell the stopwatch to save the current lap time. The model will save the
elapsed time at the moment the user asks for it, so that becomes part of the state, too.
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useful classes

You'll use a few new tools for this project

You learned about structs in Chapter 11. In this project, we’ll use two really
useful .NET structs: TimeSpan and DateTime. TimeSpan keeps track of
alength of time, and DateTime keeps track of a specific date and time.

You've been creating .NET Core console apps throughout
the book, using the Console class to write text to the
console and read user input. You used its Write and
WriteLine methods to make your apps write output, and
its ReadLine and ReadKey methods to get input from
your user. Now you’ll take your console apps to the next
level, using methods and properties on the Console class
to set the cursor position and make the cursor
invisible. You’ll also make combine the ReadLine
method with the KeyAvailable property, which returns
true if the user has pressed a key that’s now available.
That will help make your console app respond to user
presses in real time, without pausing for input.

TimeSpan and DateTime struets

CursorlLeft properties move the cursor so you can

You’ve been using the Console class to read
and write characters throughout the book. Now
you’ll take control of your console so you can
make your stopwatch Qaﬂc_!!.’ The static Clear
method clears the console, and its CursorTop and

write to a specific row and column (the numbers
start at 0). You’ll use the static CursorVisible

property to turn off the cursor while it’s running

so it doesn’t get blinky. Your stopwatch will need
to read characters from the console without
pausing. You'll use the KeyAvailable property,
which returns true if the user hit a key and it's

waiting to be read by Console.ReadKey.

There are two very useful struets for managing time in an a ’ in thi i

: PP, and you Il use them both in this proiect.
Da{:.cTnv.nc stoves a d.a{:c and time. TimeSpan vepresents an interval of time. The interval is s{:ov-‘c’do?n tieks
(a tiek is one ten—millionth of a setond, or 10,000 ticks per millisecond), The TimeSpan has properties to
break down the span of time that it's holding into its hours, minutes, seconds, or millisetonds.

The TimeSpan and DateTime struets have some useful members that you'll use in your project:
% DateTime has a static MinValue property that vepresents the earliest date that it can hold.
% The static DateTime.Now returns property the turrent date and time.

% Use + and - operators to add and subtract DateTime and TimeSpan values. Subtracting one DateTime
from another and veturns a TimeSpan. Subtracting a TimeSpan from a DateTime veturns a DateTime.

% TimeSpan has an int property Hours that veturns the number of howrs in the span. [t also has similar
Minutes, Seconds, and Milliseconds properties.

% The static TimeSpan.Zero property veturns a zevo—length fime span.

% TchSy&n and DateTime both have a Compare method that fakes two values, veturning —| if the
fivst value is less than the setond, | if the first value is greater, and O if {:hc\/'rc equal-

This project uses the System.Threading.Timer—it’s a different kind of timer than the ones used
earlier in the book. The class uses a callback delegate. If you haven’t learned about delegates
yet, download the free PDF of the Events and Delegates chapter from our GitHub page.
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architecting apps with the mvvm pattern

Create the Stopwatch project and add the model

We’ll build this project in parts. In this first part, we’ll just create a simple stopwatch that starts, resets, and shows the
elapsed time. Create a new Console App project called Stopwatch. Then create the View, ViewModel, and
Model folders, just like you did with the basketball roster app.

Add this StopwatchModel class to the Model folder:

namespace Stopwatch.Model {X When Yyou treate the class in the
{ - Model {older, the IDE adds it to

class StopwatchModel the Stopwateh.Model namespace.

private DateTime _startedTime;

/// <summary>

The model knows the stopwatch is reset
when its time is equal DateTime.MinValue,
{ a special value with the smallest valid time.
If _startedTime is equal to that time, then
the stopwatch isn’t running. If not, that’s

when the stopwatch was started. It can

/// The constructor resets the stopwatch
/// </summary>

public StopwatchModel() => Reset();
/// <summary>

/// Returns true if the
/// </summary>

public bool Running

stopwatch is running

calculate the elapsed time by subtracting
_startedTime from the current date and time.

The Running property tompaves _startTime to
DateTime.MinValue to see if the stopwateh is eurvently

{ : i im
get => _startedTime != DateTime.MinValue; vunning.. [t sets _startedTime Joo ’c,h,c curvent +." ¢ {',z
set start the stopwateh — but only if it's not vunning yet.
{
if (value && !Running) _startedTime = DateTime.Now;
} The Ela\?scd F\ropcr{:\/ veturns the
} C|ancd £ime b\/ sub'{:rad:ing the time the

/// <summary>
/// Returns the elapsed time, or zero if the stopwatch is not running
/// </summary>

public TimeSpan Elapsed => Running ? DateTime.Now - _startedTime : TimeSpan.Zero;
/// <summary>

/// Resets the stopwatch by setting its started time to DateTime.MinValue

/// </summary>

public void Reset() => _startedTime = DateTime.MinValue;

} To veset the stopwateh and stop it vunning, we
set its stavted time to DateTime.MinValue.

The stopwatcln model keeps track of the time it started.
Iis Elapsec[ property calculates the elapsec[ time by

sul)tracting the time it started from the current time.

you are here »

stopwateh started from the current Lime
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add the

Add skeletons for view and viewwodel to your stopwatch

Next, you’ll create the view. It uses methods and properties from the viewmodel, which you’ll build next in an
exercise. So start by adding this skeleton of the StopwatchViewModel class in the ViewMaodel folder:

class StopwatchViewModel
{

}

ublic void StartSto => throw new NotImplementedException(); é\’_
P PO P P 03 For now the StartStop
public void Reset() => throw new NotImplementedException(); method will 3“5{3 s{;o? the

stopwateh. [n the next
part we'll make it pause and
public string Minutes => throw new NotImplementedException(); unpause the stopwateh too.

public string Hours => throw new NotImplementedException();

public string Seconds => throw new NotImplementedException();

public object Tenths => throw new NotImplementedException();

Now add this partially completed StopwatchView class in the View folder:

using System.Threading;
using ViewModel;

class StopwatchView

22

private StopwatchViewModel _viewModel = new StopwatchViewModel();
private bool _quit = false;

/// <summary>

/// Clears the console and displays the stopwatch The view uses a System.Threading.Timer.
/1] </summary> It’s a different kind of timer than the one
public Stopwatchview() you used in Chapter 1. That timer raised an
event every time it ticked. The timer you’ll
use now is different—it uses a callback.

ClearScreenAndAddHelpMessage();

TimerCallback timerCallback = UpdateTimeCallback; Its constructor takes a TimerCallback
var _timer = new Timer(timerCallback, null, @, 10); delegate with a reference to the method
while (!_quit) ' that it will call each time it ticks. After the
Thread.Sleep(100); constructor starts the timer, it uses a loop
Console.CursorVisible = true; to wait until the user quits. Thread.Sleep
} keeps the app from using CPU cycles while

it’s waiting for the next timer tick.

/// <summary>
/// Clears the screen, adds the help message to fourth row, and makes the cursor invisible
/// </summary>

private static void ClearScreenAndAddHelpMessage()

{
Console.Clear();
Console.CursorTop = 3; // This moves the cursor to the fourth row (rows start at 0)
Console.WritelLine("Space to start, R to reset, any other key to quit");
Console.CursorVisible = false;

}

/// <summary>

/// Callback to update the time dispay that the time calls each time it ticks

/// </summary>

private void UpdateTimeCallback(object? state) => throw new NotImplementedException();



architecting apps with the pattern

You've started building the first part of the MVVM Stopwatch project by adding the model, a skeleton
= of the viewmodel, and a partially completed view. Now it’s time to get this first part up and running by
EZQRGSQ finishing the viewmodel and view. Update your Main method to instantiate StopwatchView. Then:

Implement the StopwatchViewModel class.

We gave you a skeleton for the StopwatchViewModel class—all of its methods and properties throw an exception. Your
job is to replace these stub members with fully implemented methods and properties:

+ You'll need to create an instance of Model and store it in a private readonly field called _model.
+ The Start method starts the stopwatch, but only if it's not already running.
+ The Reset method resets the stopwatch.

+ Here’s the Hours property: public string Hours => _model.Elapsed.Hours.ToString("D2");
It gets the elapsed time from the model as a TimeSpan, and uses its Hours property to get the number of hours. It
calls the ToString method with a D2 format specifier to pad it to two digits (so 1 is displayed as @1).

+ Fill in the rest of the properties so they return the current minutes, seconds, and milliseconds from the model.

Add the StopwatchView.WriteCurrentTime method.

Your console stopwatch will be Qaﬂqa.' Instead of just printing lines to the console and seeing them scroll off the bottom
of the window, you'll use the Console class to show your running stopwatch on the second row of the screen. Add this
WriteCurrentTime method to your view class:

/// <summary>

/// Writes the current time to the second row and 23rd column of the screen
/// </summary>
private void WriteCurrentTime()

Console.CursorTop = 1; // This moves the cursor to the second row (rows start at @)
Console.CursorLeft = 23; // This moves the cursor to the 23rd column (starting at 0)
var time = new NotImplementedException();

} Consoterite(tine); 1[/‘ You'll need to veplace his with something.

You'll need to replace the third line of the method so it creates a string that has the current elapsed time. You'll do that
by using properties from the StopwatchViewModel. If the stopwatch has been running for one hour, 32 minutes, and 19.7
seconds, the time should look like this: @1:32:19.7 (you can get 10ths of seconds by dividing milliseconds by 100M).

Finish the StopwatchView.UpdateTimeCallback method.

The StopwatchView class uses a System.Threading.Timer to write the current time to the console. That Timer uses a
callback. You learned about callbacks in the Events and Delegates bonus chapter—and if you haven't read it yet, this is
a great time to do that! You can download it from our GitHub page: https://github.com/head-first-csharp/fourth-edition

Here's what your UpdateTimeCallback method does:

+ It uses Console.KeyAvailable to check if a key is available. If it is, it uses Console.ReadKey(true) to read the key.
« If the user pressed the spacebar, it starts the stopwatch. If the user pressed the R key, it rests the stopwatch.

+ If the user pressed anything else, it makes the cursor visible, moves it to the start of the 6th line, and quits the app.
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exercise solution

You've started building the first part of the MVVM Stopwatch project by adding the model, a skeleton

e " eq,. Of the viewmodel, and a partially completed view. Now it’s time to get this first part up and running by
%QRC\% finishing the viewmodel and view.

oLution
Here’s the StopwatchView.UpdateTimeCallback method:

/// <summary>
/// Callback to update the time dispay that the time calls each time it ticks
/// </summary>
private void UpdateTimeCallback(object? state) Checking Consolc.Ke\/Availablc keeps Console.

{ Rcachy from Pausing Your app betause i
if (Console.KeyAvailable) f//‘ only veads the key ixcsi{zl'suavai‘;;bl:. et

{
switch (Console.ReadKey(true).KeyChar.ToString().ToUpper())
{ T »
case " " K In Chapter 4 we learned that passing “brue
_viewModel.StartStop(); 4o Console.ReadKey intercepts the key, which
break; keeps it from writing a letter 4o the console.
case "R":
_viewModel.Reset();
break;
default:
Console.CursorVisible = true; . . .
Console.CursorLeft = 0; i/‘{/:]a:clr‘?ch:}c\ c:{:w visible again and Positioning
Console.CursorTop = 5; W the \fwa{:z.h vesets the app so the
_quit = true; opevating system’s prompt looks normal.
break;
}
b):lriteCurrentTime() 5 The WriteCurent Time method positions
} fhe tursor, gets the time from the
[ model, and writes it to the console.
Here's the StopwatchView.WriteCurrentTime method:

/// <summary>
/// Writes the current time to the second row and 23rd column of the screen
/// </summary>
private void WriteCurrentTime()
{
Console.CursorTop = 1; // This moves the cursor to the second row (rows start at @)
Console.CursorLeft = 23; // This moves the cursor to the 23rd column (starting at @)
var time = $"{_viewModel.Hours}:{ viewModel.Minutes}:"
+ $"{_viewModel.Seconds}.{_ viewModel.Tenths}";
Console.Write(time);

24
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Here’s the complete StopwatchViewModel class: —
N [
using Model; €\ Make sure you add “using Model,” to the {‘pl? —
: hModel. oW
class StopwatchViewModel of Your file so You £an use S{oywa{',c Mode oK \T‘(“;}cel

private readonly StopwatchModel _model = new StopwatchModel();

The viewmodel uses
Properties that convert
the model’s elapsed time
into a format that's easy

for the view to onsume.

public void StartStop() => _model.Running = true;

public void Reset() => _model.Reset();

public string Hours => _model.Elapsed.Hours.ToString("D2");
public string Minutes => _model.Elapsed.Minutes.ToString("D2");
public string Seconds => _model.Elapsed.Seconds.ToString("D2");

public object Tenths => ((int)(_model.Elapsed.Milliseconds / 100M)).ToString();

} N
,\\/ou tan SC*‘, the tenths of setonds b\/ dividing

Here’s the program’s Main method that shows the view: £he williseconds by 100M. You also v.\ccd to cast
class Program 4o an int so it doesn’t display a detimal value
{

static void Main(string[] args)

{

new View.StopwatchView();

}

}

THE VIEW HAS A TIMER THAT DETERMINES HOW OFTEN THE
STOPWATCH UPDATES- THE MODEL JUST PROVIDES THE ELAPSED
TIME, AND THE VIEWMODEL MAKES IT EASY FOR THE VIEW TO
USE THAT ELAPSED TIME, BUT ONLY THE VIEW ACTUALLY “TICKS.”

That’s right! Only the view is concerned about screen updates.

Try changing the line in StopwatchView that instantiates the timer so it only ticks
every 300 milliseconds:

var _timer = new Timer(timerCallback, null, ©, 300);

Run your app and start the stopwatch again—now it ticks more slowly, only adding
three-tenths of a second each time it ticks. The model and viewmodel don’t need to
know how often the view ticks, they’ll make sure to give it the correct elapsed time no
matter how frequently they’re asked for it.

This might vemind You of how You used delta times
in Mv\i{:\/ +o make Your games wovk the even when the
Lrame vate differs on diffevent tomputers.

you are here » 25



improve your stopwatch

Make your stopwatch pause

| Do this!
In the second part of the stopwatch project, we’ll make the stopwatch pause and

resume when the user presses the spacebar.

Q Add fields to your StopwatchModel to manage the paused state.
The model will set _paused to true when the stopwatch is paused, and _false when it’s not. The
_pausedAt field will work just like _started Time — it will contain DateTime.MinValue when it’s not
set. The model will use _totalPausedTime to keep track of the total amount of time paused.

private bool _paused;
private DateTime _pausedAt;

private TimeSpan _totalPausedTime;

Q Modify the Running property to pause and unpause the stopwatch.
The model already uses the Running property’s get accessor to indicate if the stopwatch is
running, and its set accessor to start it. That means you can update the Running property to pause
and unpause the stopwatch without having to make many other changes to the rest of the app.

/// <summary>

/// Starts and stops the stopwatch, returns true if the stopwatch is running
/// </summary>

public bool Running

{
get => (_startedTime != DateTime.MinValue) && !_paused;
set The act accessor is almost the same as before. The
¢ if 1 onl Sdiﬁcrcmc is that now it also thetks Un.c -
I (vatue) ?a\:,scd field to determine if the s*;o\?wa{:()\ 1S running.
When Runn'm5 is set _paused = false;
+o true, the model
unpauses, sc{:{:ing if (_pausedAt != DateTime.MinValue) |£ the s-[;oywa{:ch was
the __‘:ﬂ:icd, ; _totalPausedTime += DateTime.Now - _pausedAt; yrcviousl\/ ?auscd, the time
ause ) AN . .
—‘:{:a\r{:chimc Lields. if (_startedTime == DateTime.MinValue) :a{:{:‘jb:‘l?: Pa‘:-cr‘.i s added
- _startedTime = DateTime.Now; — dused [ime.
} else {
_paused = true;
_pausedAt = DateTime.Now;
}
} When Running is set o ‘("alse, the
} model sets _paused to true and

_PausedAt to the current Lime.
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Modify the Elapsed property to subtract the time paused.
The _totalPausedTime field will always contain the total span of time the stopwatch was paused, so we just
need to modify the Elapsed field to subtract it.

/// <summary>

/// Returns the elapsed time, or zero if the stopwatch is not running

/// </summary>

public TimeSpan Elapsed => _paused ? _pausedAt - _startedTime - _totalPausedTime
: _startedTime != DateTime.MinValue ? DateTime.Now - _startedTime - _totalPausedTime
: TimeSpan.Zero;

The elapsed time now subtracts the started time and the
total 4ime the stopwateh was paused from the eurrent time.

Reset the paused state when the stopwatch is reset.
Modify the Reset method to reset the three fields that you added to track the paused state.

/// <summary>
/// Resets the stopwatch by setting its started time and unpausing it

< >
{Q{J{)Ii/csirgrgzméeset 0 Here’s a great example of how separation of concerns can help

{ make your code easier to change. Making your stopwatch stop
and start mainly affected the model, so you only need to change

startedTime = DateTime.MinValue;
- ? one line of code in the viewmodel and one line in the view.

_pausedAt = DateTime.MinValue;
_paused = false;
_totalPausedTime = TimeSpan.Zero;

Make ViewModel.StartStop toggle Model.Running.
In Part 1, the ViewModel.StartStop property just st Model. Running to true. Modify it to toggle Model.
Running so it starts the stopwatch if stopped, and stops it if started.

public void StartStop() => _model.Running = !_model.Running;
W\:}\\‘
Modify the view to print a different instruction message. OK ' Cancel

Change the view so it prints Space to start or stop instead of Space to start.
Console.WritelLine("Space to start or stop, R to reset, any other key to quit");

Now run your app. The spacebar should now pause and unpause the stopwatch.

Before you 90 to the next page, — %2&;v

see if You ean ﬁigwc out how 1o
add the lap time \/owscl-c. How

far ean You get on your own? In Part 3 of this project, you'll add a lap time. How
@ do you think you’ll do that? What changes will you
need to make to the view, viewmodel, and model?

you are here » 27



finish the stopwatch console app

Add lap time to your stopwatch

Most stopwatches have a lap time feature that lets you press a button to save the f- DQ JCINS!
current elapsed time and keep it visible as the stopwatch keeps ticking, Let’s add lap

time to your stopwatch app by adding it to the model, then updating the view to

include it, and finally filling in the viewmodel to connect the view and the model.

G Update the model to add lap time to its state.
Your model will keep track of the lap time in a read-only TimeSpan property that gets
set to TimeSpan.Zero when the model is reset. You'll also add a SetLapTime method
and set to the current elapsed time.

public TimeSpan LapTime { get; private set; }
public void SetLapTime() => LapTime = Elapsed;

/// <summary>

/// Resets the stopwatch by setting its started time and unpausing it
/// </summary>

public void Reset()

_startedTime = DateTime.MinValue;
_pausedAt = DateTime.MinValue;
_paused = false;
_totalPausedTime = TimeSpan.Zero;

LapTime = TimeSpan.Zero; —
’ -
_T
e Modify the view to display the lap time. oK ‘T‘&A}L‘el

First, change the line in the view that displays the instruction to the user:
Console.WriteLine("Space to start or stop, R to reset, L for lap time, any other key to quit");

Next, add a case to the switch statement to set the lap time when the user presses the L key:

case "\I;;éwModel LapTime(); The LapTime Mﬂwd fiocsn"l: exist in the viewmodel
Break: . 5 yet, so use the quick £ix menu 4o generate the method.
Your viewmodel doesn’t have a LapTime method yet, so use the quick fix menu to generate it. Iinally,
modify the WriteCurrentTime method to display the lap time, using the quick fix menu to generate any
properties missing from the viewmodel.
/// <summary>
/// Writes the current time to the second row and 24th column of the screen

/// </summary>
private void WriteCurrentTime()

{
Console.CursorTop = 1; // This moves the cursor to the second row (rows start at 0)
Console.CursorLeft = 23; // This moves the cursor to the 24th column
var time = $"{ viewModel.Hours}:{ viewModel.Minutes}:"
+ $"{ viewModel.Seconds}.{ viewModel.Tenths}"; Use the quick fix
var lapTime = $"{_viewModel.LapHours}:{_ viewModel.LapMinutes}:" 4o enevate
+ $"{ viewModel.LapSeconds}.{_viewModel.LapTenths}"; [ ™mecn« to 9enere
Console.Write($"{time} - lap time {lapTime}"); the VYOYCH:‘CS n
¥ the viewmodel used
in this statement.
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Fill in the viewmodel to connect the view to the model.
In the last step, you generated four properties and a method in the viewmodel.

Implement those methods so they connect the view’s behavior to the model’s state. ((‘\ “\““‘
public void LapTime() =>_model.SetLapTime();

public string LapHours => _model.LapTime.Hours.ToString("D2");
public string LapMinutes => _model.LapTime.Minutes.ToString("D2");
public string LapSeconds => _model.LapTime.Seconds.ToString("D2");

public string LapTenths => ((int)(_model.LapTime.Milliseconds / 100M)).ToString();

Now run your app. Pressing L will record the lap time and keep it displayed.

00:00:19.5 - lap time ©0:00:15.4

Space to start or stop, R to reset, L for lap time, any other key to quit

THE MVVM PATTERN MADE IT
EASIER TO UPDATE MY APP BECAUSE

I KNEW EXACTLY WHERE EACH NEW PIECE OF
CODE SHOULD &O-

That’s right. The MVVM pattern helps make
your code easier to maintain.

Ask most developers what it’s like going back to code they
wrote two years ago. Seriously—go to your favorite social
media site, search for "code I wrote two years ago" and
read through some of the results. You’ll see a lot of people
talking about how they can barely understand it.

Design patterns like the MVVM pattern help you write code
that you’ll be able to read and modify in two years. When you
use the MVVM pattern you know that the code that has to do
with your app’s state will be in the model, and the code that
displays output and reads input is in the view. The viewmodel

3 lets you design the code in the view and the model so it’s

g simple, sensible, and easy to understand by keeping the
i code in the view and model focused on their specific concerns.
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loosely coupled

Q: I understand how the stopwatch
and basketball roster apps work, but I'm
still not clear on the idea behind MVVM.
Can you explain it one more time?

A: Model-View-ViewModel, or MVVM,

is a design pattern. That means it's an
approach—you can even think of it as a sort
of template—to help you design your code in
a way that really makes the relationships and
interactions between your classes clear, and
helps you think about the design of your app.
The general idea is that the code that keeps
track of the state of your app goes in the
model, the code that has to do with what's
displayed to the user goes in the view, and
the code that connects the view and model
together goes in the viewmodel.

Q: | used string formatting in the
viewmodel to make the numbers look
right. But wouldn’t that make more sense
in the view, since it has to do with the way
the numbers are displayed?

A: We thought the string formatting made
more sense in the viewmodel. But there

are no hard-and-fast rules that say specific
behavior must be in the view, viewmodel,

or model. If you think the string formatting
makes more sense in the view, then that's
where you should put it!

(Spoiler alert: we also put the string
formatting in the viewmodel because we’ll
reuse it in the next part of the project.)

don’t reference each other much

therejare no
Dumb Questions

Q,: You just said there’s no hard-and-
fast rule about where specific things go,
but earlier you said that hard-coded data
goes in the viewmodel, and in a WPF
project the view contains XAML with
data binding to objects in the viewmodel.
Aren’t those hard-and-fast rules?

- That's right, we did say those things!
The idea behind the MVVM pattern is that
the code for the user interface (the view) is
decoupled from the code for the state (the
model). The way we decouple that code is
by creating a separate set of objects (the
viewmodel) that connects them.

When we say that hardcoded data goes

in the viewmodel, we're not laying down a
rule. We're just applying common sense.
For example, in the basketball roster app,
the view consisted of a UserControl. The
UserControl created an instance of a
viewmodel object, and used it for data
binding. The app needed to display some
data—the teams and their players—so that
data needed to go somewhere. It doesn’t
make sense to put it in the model, because
the job of the model is to manage the app’s
state, no matter what data it stores. And

it doesn't make sense to put it in the view,
because the view's job is to manage the Ul.
So that just leaves the viewmodel as the only
logical place to put the data.

The viewmodel allows the view and the
model to be looselx couglecl hecause the view
doesn’t c[irectly refer to anytluing in moJel,
and the doesn't refer to the view at all.
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Q,- Can you explain decoupling one
more time?

A: Sure. When we say that one object is
decoupled from another, that means there
are no dependencies between them: they
don’t have any references to each other,

call each others’ methods, use each others’
properties, etc. When you hear developers
complain that their code is difficult to modify,
it's usually because there are a lot of
dependencies between classes, so making a
change in one class requires them to make
changes in lots of others. It can be really
frustrating to start making a tiny change to
one class, only to discover that you need to
change a bunch of others along the way.

When you follow the MVVM pattern, your
view is decoupled from the view because it
has no references to it. The view is loosely
coupled to the model: it only has minimal
dependencies on the model, only then those
references go through the viewmodel. That
loose coupling makes your code easier (and
much less frustrating!) to maintain.

Q: Remind me again why you started
adding an underscore to the beginning of
your private fields?

A: If you go to GitHub and look at the
code for a lot of C# projects, you'll notice
that many people put an underscore in front
of their private fields. They do this to make

it easier to spot those fields when they're
using them. Some people feel that it's easier
to read code when they can tell at a glance
the difference between a local variable and

a private field, the same way that they use
PascalCase versus camelCase for public
fields and properties. We included the
naming convention of underscores for private
fields to give you the opportunity to decide for
yourself whether you think it helps you make
your code more readable.



Next we’'ll build a WPF version of th

The WPF app will use the same model and viewmodel as the consol
different view. Here’s what the WPF will look like—it will have two 1

architecting apps with the pattern

e stopwatch

e app, but we’ll use a
ndependent stopwatches:

Elapsed time: ©3 : 53 : 27 . 5
Lap time: ©3 : 52 : 34 . 9
‘Start/Stop‘ ‘Reset‘

Elapsed time: 00 : 01 : 20 . 7
Lap time: 00 : 00 : 34 . 8
‘Start/Stop‘ ‘Reset‘

The main window of the WPF app contains a StackPanel, which co

ntains two instances of a

stopwatch user control. The UserControl contains a StackPanel with two TextBlock controls

and a StackPanel with three buttons.

b e " Lap time: 00
eres an CXCCY‘P rom
S S
, § starustop

‘U‘\e XAML 'l:haf: YOu)”
build later on in the app.

his is @ hovizontal
LaekPanel with thre
wkton ontrols.

jReset

<TextBlock FontFamily="Consolas" FontSize="36" HorizontalAlignment="Center">

<Run>Elapsed time: </Run>

<Run Text="{Binding Hours, Mode=OneWay}"/>
<Run>:</Run>

<Run Text="{Binding Minutes, Mode=OneWay}"/>
<Run>:</Run>

<Run Text="{Binding Seconds, Mode=OneWay}"/>
<Run>.</Run>

<Run Text="{Binding Tenths, Mode=OneWay}"/>

</TextBlock>
x This <Run> tag is bound 1o the

This is a TextBlock control. It uses data binding
(just like you used in Chapter 6) to get its value
from a static resource—in this case, an instance
of a view object. But we want to use separate
properties in the view to set the hours, minutes,
seconds, and milliseconds. We’ll use <Run> tags
to accomplish that. A run is a block of text that
lives inside the TextBlock. A run can contain
static text, or it can be set using data binding.

Tenths property in the model-
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create a wpf stopwatch

Add a WPF project to your solution

In Chapter 9 you added a unit test project to the solution for your app to manage Jimmy’s comics
and added a project reference so your new project could use the classes in the console app project.
You’ll do the same thing here, except this time you’ll add a WPF project to your solution.

Add a WPF project called WpfStopwatch to your solution.

Go to the Solution Explorer, right-click on the solution, and choose

OK YRRt

R B Solution Explorer v I X
Add >> New Project... from the menu. Add a new WPF project Ik p- }'E]
- - 4
called WpfStopwatch. acd 2
Search Solution Explorer (Ctrl+;) P~
Solution ‘Stopwatch’ (1 of 1 project)
¥ Build Solution F6 4 Stopwatch
Rebuild Solution D 4 Dependencies
. E l . Clean Solution b Model
Use {')’\C SO‘\A‘{ZK’V‘ *Y ore Analyze and Code Cleanup o D
dd a new wPF NPy b ViewModel
b ] l { ac- ul D ¢* Program.cs
PY‘O\')CC{Z to Your solution- Configuration Manager...
‘® Manage NuGet Packages for Solution...
J/ P&] Restore NuGet Packages
& New Solution Explorer View Solution Explorer = Team Explorer
New Project... % Add Properties v I X
Existing Project... ">  Create Git Repository... Stopwatch Solution Properties M
Existing Web Site... S8y S
e Add project reference to your WpfStopwatch project.
Expand to your new project in the Solution Explorer, right-click on Dependencies,
and add a new project reference to the Stopwatch console app project.
Now your new WPF project will be able to use classes in the console app project.
[ WpTStopwatch
> &Y Dependencies
Add Project Reference... > D) Appxaml
Add Shared Project Referenceul.k \ €* AssemblyInfo.cs
Add COM Reference... E Q_MainWindow.xaml
c#
¢» Add Connected Service
‘® Manage NuGet Packages... Ltion Explorer
anager - WpfStopwatch ? X
Scope to This perties
- 4 Project: Search (Ctrl+E
New Solution Explorer View e e
Solution Name Name:
Stopwatch
Once you update the WPF project’s
dq?cndcm‘,lcs t0 add a F\r'ojcc{: Y'Cfcrcncc
'&O 'HIC S‘EOPWa‘tCh Consolc aPP FYOJCC{-'; > Browse
\/zlaur WPF app will be able +o use the
tlasses in the Stopwateh pro;
P F OJCC‘{',‘ Browse... I | OK | | Cancel
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Create the View and ViewModel folders in your WpfStopwatch project.

Your WPF app will have a model, view and viewmodel.
But while you’ll create a new view, you’ll reuse the same
viewmodel from the stopwatch console app.

Since you’ll be reusing the StopwatchViewModel class from
your console app, so you’ll need to make it public (just like
you did for the classes you were testing in Chapter 9). Edit
StopwatchViewModel and add the public keyword:

namespace Stopwatch.ViewModel

{

using Model;

public class StopwatchViewModel

{

Now you’re ready to add your view that uses the viewmodel.

Solution Explorer +xA X
@8 o-5a@ K=
Search Solution Explorer (Ctrl+;) P~

131 Solution ‘Stopwatch' (2 of 2 projects)
4 Stopwatch
4 WpfStopwatch

P &' Dependencies

View
4 ViewModel
> I Appxaml
C# AssemblyInfo.cs
b 1) MainWindow.xaml

Solution Explorer | Team Explorer

Create the StopwatchControl user control and add the viewmodel as a

static resource.

Create a new user control called StopwatchControl. You don’t need to create a View folder, because
everything in this new project is part of the view. Just create it in the root of the WpfStopwatch project.

Next, you’ll add an instance of StopwatchViewModel as a static resource, just like you added a static
resource to your WP project in Chapter 6. Add this <UserControl.Resources> above the <Grid> tag:

<UserControl.Resources>
<viewmodel:StopwatchViewModel x:Ke
</UserControl.Resources>

="viewModel"

The IntelliSense won't hcl? You with
& this line yet, because You haven't
added the xmlns property yet.

Notice how the IDE added a red squiggly underline under the resource? That’s because you can only use
a class in your XAML if the container has an xmlns (or XML namespace) property. Luckily, the IDE
will add it for you automatically. Open the Quick Fix menu and choose Add xmlns Stopwatch. ViewModel:

v

Add xmins Stopwatch.ViewModel ‘:I

When you choose the QuickFix menu option, the IDE will add this line to your <UserControl> tag:

xmlns:viewmodel="clr-namespace:Stopwatch.ViewModel;assembly=Stopwatch"

As soon as the viewmodel namespace is defined as Stopwatch.ViewModel in your XAML, you can use
classes from that namespace, and the red squiggly lines should disappear.

You may still see a compile error:

€3 XDG0008

The name "StopwatchViewModel" does not exist in the namespace
“clr-namespace:Stopwatch.ViewModel;assembly=Stopwatch".

£ you get a compile ervor,
vebuild your solution, and if
that doesn't work, unload
and veload the yro\')cc{:-

If you see that error, choose Rebuild Solution from the Build menu to rebuild the solution. If that
doesn’t work, use the Solution Explorer to unload and reload the WPF project.
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make your stopwatch tick

Make your viewmodel implement INotifyPropertyChanged

You're going to be binding your StopwatchControl to the static StopwatchViewModel instance. We learned in Chapter
6 that when you bind XAML to properties in a class, if you want the class to change its properties and update the user
interface, it needs to implement the INotifyPropertyChanged property and raise its PropertyChanged event when its
properties change.

34

0 Add INotifyPropertyChanged to the StopwatchViewModel class.

Go back to the Stopwatch project and modify your StopwatchViewModel class to make it implement the
INotifyPropertyChanged interface. Then use the Quick Fix menu to add the necessary using directive.

namespace Stopwatch.ViewModel

; The Quick Fix menu will let You

using Model; a"JC°""3‘l3.'('ra|I‘/ add the using directive for
the namespace that includes the interface.
public class StopwatchViewModel : INotifyPropertyChanged

{ o

using System.ComponentModel; E‘

Modify StopwatchViewModel to implement INotifyPropertyChanged.
The INotifyPropertyChanged interface will still have a squiggly underline. Use the Quick Fix menu again,
this time to implement the INotifyPropertyChanged interface. Your code should now look like this:

namespace Stopwatch.ViewModel

{ First you used the Quick Fix Then You used the Quick
using Model; t/ menu £o add this using divective. Fix menu to implement the
using System.ComponentModel; interface, which added this

event detlavation. |£ you
need a vefresher on events,
have a look at the Events
and Delegates bonus chapter.

public event PropertyChangedEventHandler PropertyChanged; 6_/

public class StopwatchViewModel : INotifyPropertyChanged

{
private readonly StopwatchModel _model = new StopwatchModel();

Add an OnPropertyChanged method to raise the PropertyChanged event.
In the Events and Delegates bonus chapter, we learned about the standard pattern for adding methods to raise
events. We’ll follow that pattern by adding a method called OnPropertyChanged to raise the event:

public void OnPropertyChanged(string propertyName) =>
PropertyChanged?.Invoke(this, new PropertyChangedEventArgs(propertyName));

Now your StopwatchViewModel class is ready for the StopwatchControl to use it as a data binding context.

£ You need a vefresher on how 2.[nvoke works, download the

/ Events and Delegates bonus thapter from our Github page.
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9 Add the code-behind for StopwatchControl.

Here’s the code-behind for your user control. Everything that’s in it is something you’ve seen before earlier in
the book. It has a DispatchTimer that ticks every tenth of a second (or 100 milliseconds), and every time it
ticks it uses the viewmodel’s OnPropertyChanged method to get it to fire a PropertyChanged event.

namespace WpfStopwatch

{ These using divectives let you add the
using Stopwatch.ViewModel; StopwatehViewModel ¢lass frrom your console app
using System.Windows.Threading; ?ro‘)cc{: and the DispatehTimer that you used in your

bechive management system and animal matehing game.
/// <summary>

/// Interaction logic for StopwatchControl.xaml
/// </summary>
public partial class StopwatchControl : UserControl

{ DispatcherTimer _timer = new DispatcherTimer(); This is the same Disya{:&herT‘lmcv that
StopwatchViewModel _stopwatchViewModel; you used in Cha\?-l:crs | and b. Rccognizc
the TimeSpan strutt we use below?
public StopwatchControl() The 4imer uses a statit method from
¢ that struet to set the tick interval.

Vou used the Resourtes  InitializeComponent();

dictionary in Chapter ' . .
b 4o 56‘{: 3 vefeventes _stopwatchViewModel = Resources["viewModel"] as StopwatchViewModel;

etk

?‘hhi‘?ucfh;b\),c t _timer.Interval = TimeSpan.FromMilliseconds(100);
rom the window s _timer.Tick += TimerTick;

statie vesourtes. “timer.Start();

}

When an object calls its
PropertyChange event with
PropertyName set to an empty

. . . . . string, it causes a control using
private void TimerTick(object sender, EventArgs e) it as data context to update all
{ of its bound properties

_stopwatchViewModel.OnPropertyChanged(String.Empty);

}
private void StartStopButton_Click(object sender, RoutedEventArgs e)
{
_stopwatchViewModel.StartStop();
}

private void ResetButton_Click(object sender, RoutedEventArgs e)

)

{ _stopwatchViewModel.Reset(); -Cl:—'hc buttons
} ick event

handlers ¢al]
private void LapButton_Click(object sender, RoutedEventArgs e) the methods in
{ the viewmodel.

_stopwatchViewModel.LapTime();

}
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put it all together

Add the XAML for the user control

Here’s the XAML for the user control. It has two TextBlock controls with the <Run> tags that we showed you
earlier. The timer in the code-behind causes the bound properties to refresh every tenth of a second.

<UserControl x:Class="WpfStopwatch.StopwatchControl”
xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation™
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"
xmlns:mc="http://schemas.openxmlformats.org/markup-compatibility/2006"
We set the xmlns:d="http://schemas.microsoft.com/expression/blend/2008"
DcsignHeigh‘{: to xmlns:local="clr-namespace:WpfStopwatch"
200 betause j\} xmlns:viewmodel="clr-namespace:Stopwatch.ViewModel;assembly=Stopwatch"

. mc:Ignorable="d"
JChit’o"{szlr d:DesignHeight="200" d:DesignWidth="800">
not very . -

<User‘Con‘cr‘oé.Fliesour‘ces>h . oy Thif is just like the data binding that
<viewmodel:StopwatchViewModel x:Key="viewModel"/> ouve used in previ :
</UserControl.Resources> U Previous WPF Projects.

<Grid DataContext="{StaticResource ResourceKey=viewModel}">
<StackPanel Margin="20">
<TextBlock FontFamily="Consolas" FontSize="36" HorizontalAlignment="Center">
Heve's the <Run>Elapsed 'F:i.mg: </Run>
TextBlotk with <Run Text="{Binding Hours, Mode=OneWay}"/>
! <Run>:</Run>
<Run> tags that { <Run Text="{Binding Minutes, Mode=OneWay}"/>

we explained <Run>:</Run>

earlier in the <Run Text="{Binding Seconds, Mode=OneWay}"/>

havt. <Run>.</Run>

Chapter. <Run Text="{Binding Tenths, Mode=OneWay}"/>
</TextBlock>

<TextBlock FontFamily="Consolas" FontSize="36" HorizontalAlignment="Center">
<Run>Lap time: </Run>
<Run Text="{Binding LapHours, Mode=OneWay}"/>
<Run>:</Run>

<Run Text="{Binding LapMinutes, Mode=OneWay}"/> The TextBlotk uses <Run>

<Run>:</Run> £ags to bind specifi

<Run Text="{Binding LapSeconds, Mode=OneWay}"/> 1ca " e wie Paﬁ's

<Run>.</Run> of the text to properties

<Run Text="{Binding LapTenths, Mode=OneWay}"/> in the viewmodel.
</TextBlock>

<StackPanel Orientation="Horizontal" HorizontalAlignment="Center">

<Button Margin="20,20,20,0" FontSize="24" Click="StartStopButton_Click">
Start/Stop

</Button>

<Button Margin="0,20,20,0" FontSize="24" Click="ResetButton_Click">
Reset

</Button>

<Button Margin="0,20,0,0" FontSize="24" Click="LapButton_Click">

Lap
</Button> i We gave the
</StackPanel> buttons a

</StackPanel> .
</Grid> larger font size.

</UserControl>
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Create a window with two StopwatchControl controls

Now that your view is finished, you can use it in the main window. Here's the XAML for it. You’ll replace
the Grid control with a StackPanel that contains two stopwatch controls. Since your StopwatchControl

1s in the same namespace as MainWindow and it has the xm1lns:1local property, you'll add
StopwatchClontrols to your window like this: <local:StopwatchControl/>

You’ll also add a Rectangle control to the StackPanel separate the two stopwatch controls.

<Window x:Class="WpfStopwatch.MainWindow"
xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation”
xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"
xmlns:d="http://schemas.microsoft.com/expression/blend/2008"
xmlns:mc="http://schemas.openxmlformats.org/markup-compatibility/2006"
xmlns:local="clr-namespace:WpfStopwatch"
mc:Ignorable="d"
Title="Two Stopwatches" Height="450" Width="800">

<StackPanel VerticalAlignment="Center">

<local:StopwatchControl/> The Rectangle control draws a

rectangle in the window. You used
itin the Events and Delegates
bonus chapter when you were

experimenting with routed events..

<Rectangle Fill="Black" Width="800" Height="1"/>

<local:StopwatchControl/>

</StackPanel> T Like before, if You vun into an evror
</Window> where your window doesn't retognize

'l:hlc Sd{';o‘?wa‘uhCoh‘{:v‘ol, tey vebuilding or
unloading and veloadi o
Run your app 04ding and veloading the project.

Your app is in a separate project, so you'll need to run it differently. Right-click on the WpfStopwatch
project in the Solution Explorer and choose Debug >> Start New Instance. You can also right-click
on it and choose Set as Startup Project — once you do that, you can use the Start Debugging button in
the toolbar. Your app should have two stopwatches that work independently of each other.

B! Two Stopwatches - a X

Elapsed time: ©3 : 53 : 27 . 5

The app has two //;7 Lap time: ©3 : 52 : 34 . 9
independent

stopwatehes. Eath
S{;o?waﬂ:hCon{'xol

has its own timer Elapsed time: 00 : 01 : 20 . 7
and instance of N\ Lap time: 00 : 00 : 34 . 8
S{;o\?wa{',Ch\/iewModcl-
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nice

%BUI.I.ET POINTS

THANKS FOR GIVING

US EVERYTHING WE NEED
FOR OUR GAME! NOW WE
CAN COMPETE FOR THE
PRESTIGIOUS OBJECTVILLE
TROPHY -

When you use the Model-View-ViewModel (or MVVM)
design pattern, you split your app into three layers: the
view, the viewmodel, and the model.

The objects that hold the state of the app live in the
model. The state of the app is managed by the objects in
memory that determine what your app “knows.”

Objects that the user interacts with go in the view.

The viewmodel has the properties that can bind to the
controls in the view. The viewmodel is like the plumbing
that connects the objects in the view to the objects in the
model, using tools you already know how to work with.

UserControl is a base class that lets you define your
own controls to use in your XAML apps. You design your
code with XAML and code-behind, just like a window.

xmlns: properties are like using directives for your
XAML code. They let you include controls and resources
from different namespaces in your project.

Hard-coded data—or data that's explicitly added in the
code—typically goes in the viewmodel because the state
of an MVVM application is managed using instances

of the model classes that are encapsulated inside the
viewmodel objects.

The classes in the view, viewmodel, and model are
loosely coupled with each other.

In a typical MVVM WPF app, only classes in the
viewmodel implement INotifyPropertyChanged, because
the viewmodel contains the only objects that XAML
controls are bound to.

The TimeSpan struct keeps track of a length of time, and

The DateTime struct keeps track of a specific date and
time. DateTime.MinValue is a special value with the
smallest valid time. Subtracting one DateTime value from
another returns a TimeSpan.

The Timer in the System.Threading namespace uses
a TimeSpan to set its tick interval, and calls a callback
method every time it ticks.

Thread.Sleep lets you pause your app without wasting
CPU cycles.

Many people put an underscore in front of their private
fields to make it easier to spot those fields when they're
used.

<Run> tags represent blocks of text that lives inside the
TextBlock. A run can contain static text, or it can be set
using data binding.






