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Bonus Chapter cvents and delegates *

What your code does when
you’re not Iookmg

I'D BETTER
SUBSCRIBE TO THAT
TeeePoprslUpOurOFNowHeRE
EVENT, OR I’LL HAVE TO
CALL MY ONBeokenles
METHOD.

......

Your objects are starting to think for themselves. *
You can'’t always control what your objects are doing. Sometimes things...happen. When they

do, you want your objects to be smart enough to respond to anything that pops up, and

that's what events are all about. One object publishes an event, other objects subscribe, and

everyone works together to keep things moving... which is great, until you want your object to

take control over who can listen. That's when callbacks will come in handy. What makes all

of that work? Delegates—Ilike Func and Action—that let you create references to methods.

https://github.com/head-first-csharp/fourth-edition




publisher, meet

Ever wish your objects could think for themselves?

Suppose you’re writing a baseball simulator. You’re going to model a game, sell the

software to the Yankees (they’ve got deep pockets, right?), and make a million bucks. You We named this method
create your Ball, Pitcher, Umpire, and Fan objects, and a whole lot more. You even write ohBalHnPla\/ because it
code so that the Pitcher object can catch a ball. happens ON the ottasion
Now you just need to connect everything together. You add an OnBallInPlay method that the ball is in play.

to Ball, and now you want your Pitcher object to respond with its event handler method.
Once the methods are written, you just need to tie the separate methods together:

The ball was hit it
e ball SC{_’S it with a 70 degree
N uBallePay angle from home plate, and it going
5&,’5 e to travel 82 feet.

- We want the piteher
L e 4o cateh this ball. The .
ol piteher tries 4o tateh the
\ ball based on the angle

and distante it was hit.

P
% %
Jec er obye®
Pitcher.CatchBall()

But how does an object KNOW to respond?

Here’s the problem. You want your Ball object to only worry about getting hit, and
your Pitcher object to only worry about catching balls that come its way. In other
words, you don’t want the Ball telling the Pitcher, “I’'m coming to you.”

You want an

The Ball doesn’t know which Ol).ect to worr
&—— ﬁcldcr will piek it up...maybe the L] . l_[ y
-Jcc:hc: or maybe the Cateher about itselt, not
or maybe the ThirdBaseman wh'o .
<<P>// decided 4o call his Stootln method. Otller Ol)]ectSo

> You're separating

This doesn't mean that ob\')cc{S can't
in’c:\razjc: [t iusic means that a Ball t_lie concerns O{

shouldn't determine who Fields it. .
That's not the Ball’s \')ob‘ eaCII OL]ect.



When an EVENT occurs...objects listen

What you need to do when the ball is hit is to use an event. An event is simply
something that’s happened in your program. Then, other objects can respond
to that event—Tlike our Pitcher object.

Even better, more than one object can listen to the same event. The Pitcher
could listen for a ball-being-hit event, as well as a Catcher, a ThirdBaseman,
an Umpire, even a Fan. Each object can respond to the event differently.

So what we want is a Ball object that can raise an event. Then, we want to
have other objects to subscribe to that particular type of event—that
just means to listen for it and get notified when that event occurs.

v

BallInPlay event raised

Ah)’o jeet
Jcc e
the B
When 3 Ball acks e
Wit, it vaises 3

BalllnPlay Q&\

@
2
%Bject
< 2 5
Events look like |'|5h+,hin5 % % K

e post o

bolts in the [DE too.

YouI“ see an iton like

this next to events in The pitcher and ojd\c{; e umpive ,“‘hcaks every ball
[ntelliSense and the players want to try to see '1? it's fair o foul,
properties window. field the ball and monitors what happens.

Want to 70 SOMETHING with an
event? You need an event handler

—
Once your object “hears” about an event, you can set up some code to run.

That code is called an event handler. An event handler gets information
about the event and runs every time that event occurs.

Remember, all this happens without your intervention at runtime. So you
write code to raise an event, and then you write code to handle those events
and fire up your application. Then, whenever an event is raised, your handler
kicks into action...without you doing anything. Best of all, your objects have
separate concerns. They’re worrying about themselves, not other objects.

bjeet doesn’
. ject doesn’t
ochc{s are substribed.

. 2
e ob-se,c" '5 %jeck

events and

event, noun.
a thing that happens,
especially something
of importance. The
solar eclipse was an
amazing event o behold,

an substribe o Lhis event.. and

hCCd ‘{',O khow Whlch

IF WE
SUBScCRrIBE
TO THE BaLLINPLay
EVENT, WE/LL ALWAYS
GET NOTIFIED WHEN THE
BALL’S IN PLAY-

Qo

™

The Fan ochC£
subsevibes in ease 3 ball

90es into the seats.

Inat event:



objects listen

One object raises its event, others listen for it...

An event has a publisher and can have multiple subscribers. Let’s
take a look at how events, event handlers, and subscriptions work in C#:

@ First, other objects subscribe to the event.
Before the Ball can raise its BalllnPlay event, other objects need to subscribe
to it. That’s their way of saying that any time a BalllnPlay event occurs, we o kney
3 N
want to know about it. o\)‘)cd'fs are Sa.\f 9

Ever\/ objeet add aise
) adds |+,s {’.
JZ:,ME ha{r:\dlc\r +o l.s{xhol&t ( 33\\\,\\7\;;\, even
e event—just like You
add bu‘H;onf __Cliek {:o your ) .
Programs to listen ‘Fov- Cliek BaIIInPIay event cne U
events. 'hp:re
Fan o‘oS?’

@ Something triggers an event.
The ball gets hit. It’s time for the Ball object to raise a new event.

Sometimes we’ll talk

about raising an event,

thing or firing it, or invoking
S~ The Ball ob\)ccjc skarts cu::\l event it—they’re all the same
ob is to vaise thing. People just use

£s ) .
Y:\\\C‘:‘b&\ 5&),5 Wit and 90¢s ko 7127 different names for it.
W

%Jec’(

@ The ball raises an event.
A new event gets raised (we’ll talk about exactly how that works in just a minute). That
event also has some arguments, like the velocity of the ball, as well as its angle. Those
arguments are attached to the event as an instance of an EventArgs object, and then the
event is sent off, available to anyone listening for it.

@ BalllnPlay

7% event
b 7
) jec
o
/Qem A

BalllnPlay ;
nrcdh OEZ bsy a“a","c"'t that gets BaIHnPla\/ veferentes a new ob; jeet, Ba“Evcn{:A\rgs, which
is just a ¢lass that defines 1c|c|ds for Distanee and Angle.



events and delegates

..then, the other objects handle the event

Once an event is raised, all the objects subscribed to that event get
a notification it happened, which lets them do something:

@ Subscribers get notified.
Since the Pitcher, Umpire, and Fan object subscribed to the Ball object’s
BallInPlay event, they all get notified—all of their event handler methods

get called one after another.

® . BallinPlay event Dl A, .
% ( ) "hers

Oh ; I
ject % i
o pire
//€Ven1‘ ng 7/7% Fan ob\e’d\
As soon as the ball raises its
event, it creates 3 Ba”Evcn{:Args

An event handler is a method in obieet with ;
the subscriber object that gets d';){:a w _ﬂ"‘ ball’s 3'\9'6 and
run when the event is raised. ance so it ean pass it to the Events ave handled on a
subseribers’ event handlers. fiest—come, first—served
basis—the ob‘)cd‘, that
subsevibes fivst gets
Each object handles the event. notified first.
Now, Pitcher, Umpire, and Fan can all handle the BalllnPlay event in their own way.
But they don’t all run at the same time—their event handlers get called one after
another, with a reference to a BallEventArgs object as its parameter.
BalllnPlay event
y The Fan object ¢heeks
The Pikeher dojett .Lhccks ball —g Ba”Evc".JCAkas to see if
% i\&vcw\:ﬁ\",’)& and N ﬂ‘\c o//<°y 1N‘Q'6 the ball is tlose Cnough
3 . en
is tlose & fields fhe bal l to eateh.
% . - I
’)c. C . e
Shep e z. ?
€r ob\e’ 2, ’ %6
Obs f? //.,e Ob)zd( Jec'\'

The Umpire watehes [£ mi i

. ght even subsevib
other events, like BallFielded or Balll‘TSh\r:wi ”
to further veact 4o what happens. I

you are here » 5



the way events work

[t's a good idea (a|+)\ou3h not rco\ui\rcd)

for Your event a\rgumcn{: ob\')c(.‘[‘,s to

. inhevit from EventArgs. That's an
How events work in a real app emphy elaseit has no public b\/

Now that you’ve got a handle on what’s going on, let’s take a

closer look at how the pieces fit together. Luckily, there are only EventArgs
a few moving parts. Let’s see how they fit together before we start It mears that Jou tan
writing code (but don’t worry, we’ll use events in an app soon!). uycas{-, Jour EVCV\JCAYSS
iett in case you

:\:‘)cd to send it {;}o an

event that doesn t

\\and\c it n Y&Y“E\Cu\a\'-
@ We need an object for the event arguments.

Remember, our BalllnPlay event has a few arguments that it carries

along. So we need a very simple object for those arguments. .NET has

a standard class for it called EventArgs. We’ll extend that class so we
can pass our arguments to the event—in this case, the angle of the
baseball and the distance it was hit.

class BallEventArgs : EventArgs {
public int Angle { get; private set; }
public int Distance { get; private set; }

BallEventArgs
Angle
Distance

The ball will use £hese

Proycrfics to pass
iwco\rma{‘,ion to the
event handlers about
wheve the ball's been hit. T ——————

@ Next, we’ll need to define the event in the class that’ll raise it.
The ball class will have a line with the event keyword—this is how it informs other
objects about the event, so they can subscribe to it. This line can be anywhere in the
class—it’s usually near the property declarations. But as long as it’s in the Ball class,
other objects can subscribe to a ball’s event. You saw the event keyword when you

fired PropertyChanged events. Here’s the BalllnPlay event declaration:

public event EventHandler BallInPlay;

\

After the event keyword comes EventHandler. That's not
a veserved CH keyword—it's a ¢lass that’s part of .NET.

Events are usually public. This
event is defined in the Ball
¢lass, but we'll want Pitther,
Umpive, ete., to be able to
vefecence it. You could make
it ?riva{:c i‘(: You onl\/ wanted
other instantes of the same
tlass to subseribe 1o it.

6 Head First C# —




events and delegates

@ The subscribing classes need event handler methods.
Every object that has to subscribe to the Ball’s BalllnPlay event needs to have an event
handler. You already know how event handlers work—you’ve added methods in WPE
Blazor, and Unity that are called any time buttons are clicked. The Ball’s BalllnPlay
event is no different, and an event handler for it should look pretty familiar:

void BallInPlayEventHandler(object sender, EventArgs e)

There's no C# vule that says your CVCJ:»J\C handlers The BalllnPlay event declaration listed its event
need to be named a cevtain way, but theres a type as EventHandler, whith means that it needs

+ty standard namin tonvention: the name of ° " :
J‘:\:cc oz' :L'l:“\rc(:crc:c: allowcd by an undevstore, to d{"akcgm parameters—an object called sender
d) ) and an Eventhrgs called e—and have no veturn
followed by the name of the event. value.

The ¢lass that has this particular event
handler method has a Ball veferente vaviable
called ball, so its BalllnPlay event handler
stavrts with “ball__", followed b\/ the name of
the event being handled, “BalllnPlay”-

@ Each individual object subscribes to the event.
Once we've got the event handler set up, the various Pitcher, Umpire, ThirdBaseman, and Fan
objects need to hook up their own event handlers. Each one of them will have its own specific
BalllnPlayEventHandler method that responds differently to the event. So if there’s a Ball object
reference variable or field called ball, then the += operator will hook up the event handler:

ball.BallInPlay += new EventHandler(BallInPlayEventHandler);

\/\(\JQ\——/—V\/

[ i ikies which
This tells C# 4o hook This part sycu-(:lcs w
handler i? to the E:mf:;?acvmt The += operator tells event handler method to
event of whatever obieet Jc);\c ball C# o subsevibe an substvibe £o the event.
veferente is pointing go event handler to an

event. The event handler method’s signature

(its pavameters and veturn value) has to
mateh the one defined by Eventhandler
or the program won £ Lom?ilc.

Turn the page: there’s a little more.. ——»

you are here » 7



now your objects

@ A Ball object raises its event to notify subscribers that it’s in play.
Now that the events are all set up, the Ball can raise its event in response to something else that happens
in the simulator. Use the null conditional operator ?. to call the BallInPlay.Invoke method:

var e = new BallEventArgs(75, 105);
BallInPlay?.Invoke(this, e);

by crca-(;iha 3 new

The ball SC‘{',S \'\i‘b and Ba”EVCn{;A
the Ball ob")cc{: goes with ‘ _"35 Ochcf
into attion... he vight dats .

Q .and
Yass‘mg
P \ it to the
m <>//<°tzen'rP~f<59 [ event being

BallinPlay?.Invoke(this, €) |§ =—————p vaised-

Now the event is active.
BalllnPlay event <— Who's substribed?

objec’f

The piteher hooked up its event
g/ handler 4o the ball’s BalllnPla\/ event.

P i N
BallinPlayEventHandler()

So the Yib‘,hcr's method gets called .
with the rig\n’c data, and tan do what it
wants with the event.

C‘éer, obS@C‘
Use the 2. null tonditional oycva'{:o\r {0 vaise events

When \/ou'vc declaved an event like BalllnPlay, you ean actually eall it like this: BalllnPlay(this, e)

There’s one problem: if you vaise an event with no handlers, il throw an exception. That means no other ?b\)cc{:s .havc
used += o add their event handlers to the BalllnPlay event, BalllnPlay will be null, so calling BalllnPlay(this, €) will
throw a NullReferenteExeeption.

That's why you use the 2. null conditional operator — here’s how youd use it: BallInPlay. ?Invoke(this, e).
That's the same as doing this: var ballInPlay = BallInPlay:if (ballInPlay I= null) BallInPlay(this, e):

[£'s a shorter, easier—to—vead way to do the same thing. Plus, thevre’s a very vare tase where BalllnPlay is not null when
you cheek it, but it could actually become mull before the next statement is exetuted, which 2. takes eave of for you.




Q- Why do | need to include the word
EventHandler when | declare an event? |
thought the event handler was what the
other objects used to subscribe to the
events.

- That's true—when you need to
subscribe to an event, you write a method
called an event handler. But did you notice
how we used EventHandler in the event
declaration (step #2) and in the line to
subscribe the event handler to it (step #4)?
What EventHandler does is define the
signature of the event—it tells the objects
subscribing to the event exactly how they
need to define their event handler methods.
Specifically, it says that if you want to
subscribe a method to this event, it needs
to take two parameters (an object and an
EventArgs reference) and have a void return
value.

Q: What happens if | try to use a
method that doesn’t match the ones that
are defined by EventHandler?

- Then your program won'’t compile. The
compiler will make sure that you don’t ever
accidentally subscribe an incompatible event
handler method to an event. That's why the
standard event handler, EventHandler, is
so useful—as soon as you see it, you know
exactly what your event handler method
needs to look like.

Q: Wait, “standard” event handler?
There are other kinds of event handlers?

A: Yes! Your events don't have to send an
object and an EventArgs. In fact, they can send
anything at all—or nothing at all! Look at the

therejare no
Dumb Questions

IntelliSense window at the bottom of the facing
page. Notice how the OnDragEnter method
takes a DragEventArgs reference instead

of an EventArgs reference? DragEventArgs
inherits from EventArgs, just like BallEventArgs
does. The page’s DragDrop event doesn't

use EventHandler. It uses something else,
DragEventHandler, and if you want to handle
it, your event handler method needs to take an
object and a DragEventArgs reference.

The parameters of the event are defined
by a delegate—EventHandler and
DragEventHandler are two examples of
delegates. We'll talk more about delegates
later in the chapter.

Q: So | can probably have my event
handlers return something other than
void, too, right?

A: Well, you can, but it's often a bad idea.
If you don’t return void from your handler,
you can't chain event handlers. That means
you can'’t connect more than one handler

to each event. Since chaining is a handy
feature, you'd do best to always return void
from your event handlers.

Qj Chaining? What's that?

A: It's how more than one object can
subscribe to the same event—they chain
their event handlers onto the event, one after
another. We'll talk a lot more about that in a
minute, too.

Q- Is that why we use += when when
when we add event handlers? Like
We’re somehow adding a new handler to
existing handlers?

events and

A: Exactly! Any time you add an event
handler, you want to use +=. That way, your
handler doesn’t replace existing handlers.

It just becomes one in what may be a very
long chain of other event handlers, all of
which are listening to the same event.

QI Why does the ball use “this” when
it raises the BallinPlay event?

- Because that’s the first parameter
of the standard event handler. Have you
noticed how every Click event handler
method has a parameter “object sender"?
That parameter is a reference to the object
that’s raising the event. So if you're
handling a button click, sender points to the
button that was clicked. If you're handling a
BalllnPlay event, sender will point to the Ball
object that’s in play—and the ball sets that
parameter to this when it raises the event.

A S_I_N_ﬂ_E event 1s
always raised Ly a
S_IML_E oloject.

But a SINGLE

event can he

responc[ec[ to l)y
@m_IJ_LE_ ol)jects.



generate

The IPE generates event handlers for you avtomatically

Many programmers follow the same convention for naming their event handlers.

If there’s a Ball object that has a BallInPlay event and the name of the reference
holding the object is called ball, then the event handler would typically be named
BalllnPlayEventHandler. That’s not a hard-and-fast rule, but if you write your code like
that, it’ll be a lot easier for other programmers to read.

Luckily, the IDE makes it easy to name your event handlers this way. It has a feature
that automatically adds event handler methods for you when you’re working
with a class that raises an event. It shouldn’t be too surprising that the IDE can do this
for you—after all, this is exactly what it does when you double-click on a button in the
designer. (This may seem familiar because you’ve done it in earlier chapters.)

/‘ Do this!

o Create a new console app and add the Ball and BallEventArgs classes.
First add this BallEventArgs class:

class BallEventArgs : EventArgs {
public int Angle { get; private set; }

public int Distance { get; private set; } Heve’s the Ba”EVen{:Args
el :
public BallEventArgs(int angle, int distance) { Wassd“: showed you earlier.
this.Angle = angle; ¢ added a construttor 4o
this.Distance = distance; make the code easier to read.
¥
}
Then add this Ball class:
class Ball
{
public event EventHandler BallInPlay;
public void OnBallInPlay(BallEventArgs e) => BallInPlay?.Invoke(this, e);
}

e Start adding the Pitcher’s constructor.
Add a new Pitcher class to your project. Then give it a constructor that takes a Ball reference called
ball as a parameter. There will be one line of code in the constructor to add its event handler to ball.
BalllnPlay. Start typing the statement, but don’t type += yet.

public Pitcher(Ball ball) => ball.BallInPlay

10



events and

Type += and the IDE will finish the statement for you.
As soon as you type += in the statement, the IDE displays a very useful little box: ) .
When the IDE adds the
ball.BallInPlay += event handler, it also
Ball BallinPlay; (Press TAB to insert) pops up the Refactor
Rename window so
you can change its

When you press the Tab key, the IDE will finish the statement for you. It'll look like name. Name your new
this: event handler method

| BallinPlayEventHandler. |
public Pitcher(Ball ball) => ball.BallInPlay += BallInPlayEventHandler; /

Rename: Ball_BallinPlay »
Mew name(BallinPlayEventHandler

[] Include comments

The IDE will add your event handler, too. L indude strings
You’re not done—you still need to add a method to chain onto [] Preview changes
the event. Luckily, the IDE takes care of that for you, too. After
the IDE finishes the statement, it shows you another box:

ball.BallInPlay += Ball BallinPlay;

2o void Pitcher.Bal _BallinPlay{object sender. EventArgs g)

Rename will update 2 references in 1 file.

Apply

Hit the Tab key again to make the IDE add this event handler method to your Pitcher class. The
IDE will always follow the objectName_HandlerName convention—but it also pops up its Rename
window so you can rename your event handler. Press Enter to keep the default name:

void BallInPlayEventHandler(object sender, EventArgs e) {
throw new NotImplementedException(); The [DE always £ills in this

} No{lm\?lcmcntchncy{ion as a placeholder, so
if You vun the tode it'll throw an exteption
that tells you that you still need to implement
something it filled in automatically.

Finish the pitcher’s event handler.

Now that you’ve got the event handler’s skeleton added to your class, fill in the rest of its code. The

pitcher should catch any low balls; otherwise, he covers first base.

private int pitchNumber = 0;

void BallInPlayEventHandler(object sender, EventArgs e) Since Ba”EV“{-’AYSS s 3 subelass of

{ Eventhrgs, we'll downeast it using the
pitchNumber++; is kc\/wo\rd so we £an use its Fro?er{:ics.
if (e is BallEventArgs ballEventArgs)

{

if ((ballEventArgs.Distance < 95) &% (ballEventArgs.Angle < 60))
Console.WriteLine($"Pitch #{pitchNumber}: I caught the ball");
else

Console.WriteLine($"Pitch #{pitchNumber}: I covered first base");

11



put it all

Here’s what you have so far in your app

Your app now has four classes:
%  The Program class with the Main method.
%  The Ball class with a BalllnPlay event.
% The BallEventArgs class that you use to pass arguments to the BalllnPlay event.
% The Pitcher class with an event handler method that takes a BallEventArgs argument.

Here’s how they all work together to make the app work.

0 The Pitcher class listens to the Ball.BalllnPlay event.
The Pitcher class’s constructor takes a Ball reference and uses += to add the event handler to its
BallInPlay event:

public Pitcher(Ball ball) => ball.BallInPlay += BallInPlayEventHandler;

e The Main method calls the Ball.OnBallinPlay method to tell the ball that it’s in play.
Your Ball class provided a convenient OnBalllnPlay method to tell it the play has started, so the
Main method just needs to call it:

BallEventArgs ballEventArgs = new BallEventArgs(angle, distance);
ball.OnBallInPlay(ballEventArgs);

O//<°v £
e The Ball class raises its BalllnPlay event. entA

The ball uses the ?. null conditional operator to raise the event:

BallInPlay?.Invoke(this, e);

£

BallinPlay?.Invoke(this, e)

-_——

BalllnPlay event
A y

) BalllnPlay event
%Jec’f

e The event calls any event handlers that are listening to it.
Since the Pitcher already added its BalllnPlayEventHandler to the P
Ball.BalllinPlay event, when the Ball raises its event the Pitcher’s BalllnPlayEventHandler()
BallInPlayEventHandler method gets called automatically.

12
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ExeRcise

It's time to put what you've learned so far into practice. Your job is to complete the Ball and
Pitcher classes, add a Fan class, and make sure they all work together with a very basic

version of your baseball simulator.

Step 1: Add a Fan class.

Create another class called Fan. Fan should also subscribe to the BallinPlay event in its constructor. The fan’s
event handler should see if the distance is greater than 400 feet and the angle is greater than 30 (a home run),
and grab for a glove to try to catch the ball if it is. If not, the fan should scream and yell. Everything that the fan
screams and yells should be written to the console.

\

Your Fan ¢lass will be very similar to the Piteher ¢lass
that we gave you That's okay for this exereise! You

tould u-\sc inhevitante to reduce du?lica{:cd tode, but
for this exertise keep the two tlasses sepavate because

it will help You learn about events more mq:cd:ivcly-

Look closcl\/ at the ou{:\?u{: Lrom the
tonsole app to see exatly what the Fan
tlass writes 1o the console.

Step 2: Implement the Main method.

74
%J'ecf

Here's the output that your app should produce. Your job is to get your app to match this output
exactly. We put the user put in boldface so you could see exactly how it works.

Enter
Enter
Pitch
Pitch
Enter
Enter
Pitch
Pitch
Enter
Enter
Pitch
Pitch
Enter
Enter
Pitch
Pitch
Enter

a number for the angle (or anything else to
a number for the distance (or anything else
#1: I covered first base

#1: Woo-hoo! Yeah!

a number for the angle (or anything else to
a number for the distance (or anything else
#2: I caught the ball

#2: Woo-hoo! Yeah!

a number for the angle (or anything else to
a number for the distance (or anything else
#3: I covered first base

#3: Home run! I’m going for the ball!

a number for the angle (or anything else to
a number for the distance (or anything else
#4: I covered first base

#4: Woo-hoo! Yeah!

a number for the angle (or anything else to

Thanks for playing!

quit): 75
to quit): 1@5

quit): 48
to quit): 8o

quit): 40
to quit): 435

quit): 125
to quit): 25
quit): bye

13



exercise

Here's the Fan class. It works just like the Pitcher class:

class Fan
¢ hNumb : :
private int pitchNumber = 0; : )
public Fan(Ball ball) => ball.BallInPlay += BallInPlayEventHandler; b Lyt\oﬂ
void BallInPlayEventHandler(object sender, EventArgs e) The fan’s BalllnPlay event
handler looks for any ball
pitchNumber++; ).
if (e is BallEventArgs ballEventArgs) that's hugh and |°"5'

if (ballEventArgs.Distance > 400 && ballEventArgs.Angle > 30)

Console.WriteLine($"Pitch #{pitchNumber}: Home run! I’m going for the ball!");
else

Console.WritelLine($"Pitch #{pitchNumber}: Woo-hoo! Yeah!");

}

Here's the Program class with the Main method. It uses static fields for references to the Ball, Pitcher, and Fan objects,
and calls the Ball object's OnBallinPlay method to raise its BalllnPlay event, which the Pitcher and Fan handle:
class Program

{
static readonly Ball ball = new Ball(); Piteher
static readonly Pitcher pitcher = new Pitcher(ball); Th'c Tn ani t|,+pvs thain
static readonly Fan fan = new Fan(ball); objett constrw
their event handlers onto
static void Main(string[] args) the BalllnPlay event.
{
var running = true;
while (running)
Console.Write("Enter a number for the angle (or anything else to quit): ");
if (int.TryParse(Console.ReadlLine(), out int angle))
{
Console.Write("Enter a number for the distance (or anything else to quit): ");
if (int.TryParse(Console.ReadlLine(), out int distance))
BallEventArgs ballEventArgs = new BallEventArgs(angle, distance);
ball.OnBallInPlay(ballEventArgs);
}
else
ing = false: .
} running alse; The Main r:«c{:hod just has to eall the
else Ball °bg:¢£5 OnBa |InPlay method. The
running = false; event takes care of ﬂgnahng to the
} L o Piteher and Fan that the ball is in play.
, Console.WriteLine("Thanks for playing!"); The Main :nc{:hod doesn’t even need to
} know that’s happening.

14
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Generic EventHandlers let you define your own event types

We've seen EventArgs throughout the book. Go back to Chapter 1 and have a look at your
Timer_Tick method declaration. Here’s the WPF version:

private void Timer_Tick(object sender, EventArgs e)
And here’s the ASPNET Blazor version:
private void Timer_Tick(Object source, ElapsedEventArgs e)

And in Chapter 2, when you modified the text box to only accept numbers, your WPF app
used an event handler method with a TextChangedEventArgs parameter, while your Blazor
app used one with a ChangeEventArgs parameter.

o
Now take a look at the event declaration in your Ball class: /~ DQ ‘t}‘]lS!

public event EventHandler BallInPlay;

That definitely works. But this EventHandler can take any of those types—you could pass it
an ElapsedEventArgs, TextChangeEventArgs, or ChangeEventArgs.

The genevie
We know that the BallEventHandler will always pass it a BallEventArgs when the event is fired. avgw?\cn{: o

Luckily, NET gives us a great tool to communicate that information very easily: a generic / EventHandler has

EventHandler. Change your ball’s BalllnPlay event declaration so it looks like this:

to be a subelass
of EvancArgs.

public event EventHandler<BallEventArgs> BallInPlay;

Run your app again. It should still work.

Modify your event handlers to use specific types

Now that you’re using a generic event handler that only accepts BallEventArgs, your event
handler will always be passed an argument of that type. That means don’t need to use the is
keyword to downcast the EventArgs.

Modify the event handler in your Pitcher class to take a BallEventArgs parameter, and
remove the if statement with the is keyword:

void BallInPlayEventHandler(object sender, BallEventArgs e)

{
pitchNumber++;
if ((e.Distance < 95) && (e.Angle < 60))
Console.WriteLine($"Pitch #{pitchNumber}: I caught the ball");
else
Console.WriteLine($"Pitch #{pitchNumber}: I covered first base");
}

Run your app again. It should still work.

15



one event

Add multiple event handlers to the same event

Here’s a really useful thing that you can do with events: you can chain them so that one event or delegate

calls many methods, one after another. Let’s see how this works.

Create a new Console app — we’ll use it to test chained event handlers. /-5 DO t})cl’s y

16

0 Add a TalkEventArgs class to send to your event.

We’ll use this to pass messages to our events. It has a string property with a message to send, and
a constructor that sets the property:

class TalkEventArgs : EventArgs
{

public string Message { get; private set; }

public TalkEventArgs(string message) => Message = message;

Add a Talker class with the event to raise.

It has an event called TalkToMe and a method that uses ?. to raise that event:

class Talker

{
public event EventHandler<TalkEventArgs> TalkToMe;
public void OnTalkToMe(string message) =>
TalkToMe?.Invoke(this, new TalkEventArgs(message));
}

Add static methods to the Program class.
These are the methods we’ll chain onto the event:

static int count;

static void SaySomething(object sender, TalkEventArgs e) {
Console.WriteLine($"Call #{count++}: I said something: {e.Message}");

}

static void SaySomethingElse(object sender, TalkEventArgs e) {
Console.WriteLine($"Call #{count++}: I said something else: {e.Message}");

}

When you use += to chain multiple event handlers to the
same event, tlley’re called in the order tlley were added.



events and

e Update the Main method.

The Main method prompts the user to chain additional methods or raise the event.

static void Main(string[] args)

var myEvent = new Talker();
while (true)
{

Console.Write("1 to chain SaySomething, 2 to chain SaySomethingElse, or a message:

var line = Console.ReadlLine();
switch (line)

case "1":
Console.WritelLine("Adding SaySomething");
myEvent.TalkToMe += SaySomething;
break;
case "2":
Console.WritelLine("Adding SaySomethingElse");
myEvent.TalkToMe += SaySomethingElse;
break;
case "":
return;
default:
count = 1;
Console.WriteLine("Raising the TalkToMe event");
myEvent.OnTalkToMe(line);
break;

}
}

Now run your app. Try adding SaySometing then sending a message. It will call the event:

1 to chain SaySomething, 2 to chain SaySomethingElse, or a message: 1
Adding SaySomething

1 to chain SaySomething, 2 to chain SaySomethingElse, or a message: Hello
Raising the TalkToMe event

Call #1: I said something: Hello

Keep your program running. Chain SaySomethingElse—now it calls that after it calls SaySomething:

1 to chain SaySomething, 2 to chain SaySomethingElse, or a message: 2
Adding SaySomethingElse

1 to chain SaySomething, 2 to chain SaySomethingElse, or a message: Talking
Raising the TalkToMe event

Call #1: I said something: Talking

Call #2: I said something else: Talking

Chain the same methods several times. It will call them in the order that you added them:

1 to chain SaySomething, 2 to chain SaySomethingElse, or a message: 2
Adding SaySomethingElse

1 to chain SaySomething, 2 to chain SaySomethingElse, or a message: 1
Adding SaySomething

1 to chain SaySomething, 2 to chain SaySomethingElse, or a message: 1
Adding SaySomething

1 to chain SaySomething, 2 to chain SaySomethingElse, or a message: More
Raising the TalkToMe event

Call #1: I said something: More . onto an
Call #2: I said something else: More Yguéa"ahém {bcsamc mc{i;d bi

Call #3: I said something else: More event multiple times. When the even

Call #4: I said something: More is vaised, it will call all of the hained

Call #5: I said something: More methods in the order that Jchcy weve added.

");

17



making a clickable This section only applies to WPF
projects—but if you’re only using
Blazor projects on macOS, it’s still

XAML controls use rovted events worth reading to get the concepts.

Go back to the WPF app you built in Chapter 5 to calculate sword damage and look at its event handlers:

private void Button_Click(object sender, RoutedEventArgs e)

{
}

You’ll see the same RoutedEventArgs parameter type in the radio button event handler in the WPT app in Chapter 2.
These are event handlers for routed events. These are like normal events, except for one difference: when a control
object responds to a routed event, first it fires off the event handler method as usual. Then it does something else: if
the event hasn’t been handled, it sends the routed event up to its container. The container fires the event, and
then if it isn’t handled, it sends the routed event up to its container. The event keeps bubbling up until it’s either
handled or it hits the root, or the container at the very top. Here’s a typical routed event handler method signature.

RollDice();

private void EventHandler(object sender, RoutedEventArgs e)

The RoutedEventArgs object has a property called Handled that the event handler can use to indicate that it’s
handled the event. Setting this property to true stops the event from bubbling up.

In both routed and standard events, the sender parameter always contains a reference to the object that called the
event handler. So if an event is bubbled up from a control to a container like a Grid, then when the Grid calls its
event handler, sender will be a reference to the Grid control. But what if you want to find out which control fired
the original event? No problem. The RoutedEventArgs object has a property called OriginalSource that contains a
reference to the control that initially fired the event. If OriginalSource and sender point to the same object, then the
control that called the event handler is the same control that originated the event and started it bubbling up.

T]me structure o{
IsHitTestVisible determines if an element is “visible”  controls that contain

to the pointer or mouse other controls that in
Typically, any element on the page can be “hit” by the pointer or mouse—as .

long as it meets certain criteria. It needs to be visible (which you can change turn contain yet more
with the Visibility property), it has to have a Background or Fill property that’s .

not null (but can be Transparent), it must be enabled (with the IsEnabled contr Ols 18 CalleC[

property), and it has to have a height and width greater than zero. If all of .
these things are true, then the IsHitTestVisible property will return an -‘i) ]eCt tree anJ

True, and that will cause it to respond to pointer or mouse events. route C[ events I)Ul)l)le

This property is especially useful if you want to make your events “invisible” to 11 {
the mouse. If you set IsHitTestVisible to False, then any pointer taps or mouse uP the tree trom
clicks will pass right through the control. If there’s another control below

it, that control will get the event instead. CIlllC[ tO Parent untll

they hit the root
You can see a list of input events that are routed events here:
http://msdn.microsoft.com/en-us/library/windows/apps/Hh758286.aspx element at the toP.

18



Create an app to explore routed events

Here’s a WPF application that you can use to experiment with routed events. It’s got a

events and

StackPanel that contains a Border, which contains a Grid, and inside that grid are an Ellipse
and a Rectangle. Have a look at the screenshot. See how the Rectangle is on top of the Ellipse?
If you put two controls into the same cell, they’ll stack on top of each other. But both of those

controls have the same parent: the Grid, whose parent
is the Border, and the Border’s parent is the StackPanel.
Routed events from the Rectangle or Ellipse bubble up
through the parents to the root of the object tree.

You’ve already seen the CheckBox control,
which you can use to toggle a value on and
off. The Content property sets the label for
the control. The IsChecked property is a
Nullable<bool> because in addition to on and
off, it can also have a third indeterminate state

<Grid Margin="5">
<Grid.ColumnDefinitions>

<ColumnDefinition/>
</Grid.ColumnDefinitions>

bubble up the
objeet tree.
</Grid>
</Border>

Rectangle sets handied

Update Rectangio lsHiTestiiible
o Mew IsHH Testyobie value

<ColumnDefinition Width="Auto"/>

<Ellipse Fill="Red"
MouseDown="Ellipse_MouseDown"/>

<Rectangle Fill="Gray" Width="50" Height="50"
MouseDown="Rectangle_MouseDown" x:Name="grayRectangle"/>

<StackPanel x:Name="panel" MouseDown="StackPanel_MouseDown">

<Border BorderThickness="10" BorderBrush="Blue" Width="155" x:Name="border"
Margin="20" MouseDown="Border_MouseDown">
<Grid x:Name="grid" MouseDown="Grid_MouseDown">
Width="100" Height="100"

<ListBox BorderThickness="1" Width="250" Height="140" x:Name="output" Margin="9,0,20,0"/>

</StackPanel>
<StackPanel Grid.Column="1">

<CheckBox Content="Border sets handled" x:Name="borderSetsHandled"/>
<CheckBox Content="Grid sets handled" x:Name="gridSetsHandled" />
<CheckBox Content="Ellipse sets handled" x:Name="ellipseSetsHandled"/>
<CheckBox Content="Rectangle sets handled" x:Name="rectangleSetsHandled"/>

<Button Content="Update Rectangle IsHitTestVisible"
Click="UpdateHitTestButton" Margin="0,20,20,0"/>
<CheckBox IsChecked="True" Content="New IsHitTestVisible value"

x:Name="newHitTestVisibleValue" />
</Stackpanel> K sCheeked defaults to False. This CheekBox
</Grid> has it set to True because controls always
have [sHit TestVisible set to true by default.

Flip the page to finish the app

The Ellipse and Rectangle
controls draw shapes in your
WPF window. Use the Width

and Height properties to
specify their size. The Border
control draws a border, with
properties to set its total
width, thickness, and color.

\ /

19



handle

You’ll need this ObservableCollection to display output in the ListBox.
Make a field called outputltems and set the ListBox.ItemsSource property in the page constructor. Don’t
forget to add the using System.Collections.ObjectModel; statement for ObservableCollection<T>.

public partial class MainWindow : Window { -€

ObservableCollection<string> outputItems = new ObservableCollection<string>();

public MainWindow() {
this.InitializeComponent();

output.ItemsSource = outputItems;

Here’s the code-behind. Each control’s MouseDown event handler clears the output if it’s the original source, and
then it adds a string to the output. If its “handled” toggle switch is on, it uses e.Handled to handle the event.

private void Ellipse_MouseDown(object sender, MouseButtonEventArgs e) {
if (sender == e.OriginalSource) outputItems.Clear();
outputItems.Add("The ellipse was pressed");
if (ellipseSetsHandled.IsChecked == true) e.Handled = true;

}

private void Rectangle_MouseDown(object sender, MouseButtonEventArgs e) {
if (sender == e.OriginalSource) outputItems.Clear();
outputItems.Add("The rectangle was pressed");
if (rectangleSetsHandled.IsChecked == true) e.Handled = true;

}

private void Grid_MouseDown(object sender, MouseButtonEventArgs e) {
if (sender == e.OriginalSource) outputItems.Clear();
outputItems.Add("The grid was pressed");
if (gridSetsHandled.IsChecked == true) e.Handled = true;

}

private void Border_MouseDown(object sender, MouseButtonEventArgs e) {
if (sender == e.OriginalSource) outputItems.Clear();
outputItems.Add("The border was pressed");
if (borderSetsHandled.IsChecked == true) e.Handled = true;

}

private void StackPanel_MouseDown(object sender, MouseButtonEventArgs e) {
if (sender == e.OriginalSource) outputItems.Clear();
outputItems.Add("The panel was pressed");

}

private void UpdateHitTestButton(object sender, RoutedEventArgs e) {
grayRectangle.IsHitTestVisible = (bool)newHitTestVisibleValue.IsChecked;

The Click event handler for the button uses the [sOn /
propert: of the toggle switeh to tuen [sHitTestVisible
on or o ‘C ‘For {:hc Rec{:anglc Lon‘{:\rol.

}
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events and delegates

Here’s the object graph for your main window.

The Mainwindow class is at the root of the object tree. When

you create the new WPF application, the Main Window.xam! and
MainWindow.xaml.cs files create an object that extends the Window class.

This is the Grid that you added to the
XAML, which holds the other controls.

Here’s the StackPanel that contains the
Border, Grid, Ellipse, and Rectangle.

Ob‘jec‘

N
&
Stac®

Jecf

N . Borg®
This Grid can receive routed

MouseDown events, but it won’t

raise them. Its IsHitTestVisible

property defaults to False because

it doesn’t have a Background or Fill >
property. If you update the XAML

to add a Background property,

its IsHitTestVisible property will

default to true—even if you set that

property to Transparent. That will

cause it to respond to pointer presses.

o

6rid ©

Ve

&
& 5
Elips® s
(/]
Rec*"(@
Flip the page to use your new app to explore routed events >  youarehere » 21




routed events up

Run the app and click or tap the gray Rectangle.
You should see the output in the screenshot to the right. ——

You can see exactly what’s going on by putting a breakpoint on the first line of
Rectangle_MouseDown, the Rectangle control’s MouseDown event handler:

private void Rectangle_MouseDown(cbject sender, MouseButtonEventirgs e)

{
if (sender == E.rlglna]_'m:lurce) UutputItemf.Clear(); The rectangle was pressed
outputItems.Add("The rectangle was pressed”); —— i
if (rectangleSetsHandled.IsChecked == true) e.Handled = true; il el

} The border was pressed

The panel was pressed

Click the gray rectangle again—this time the breakpoint should fire. Use Step Over
(F10) to step through the code line by line. First you'll see the if block execute
to clear the outputltems ObservableCollection that’s bound to the ListBox. This
happens because sender and e.OriginalSource reference the same Rectangle control,
which is true only inside the event handler method for the control that originated the event (in
this case, the control that you clicked or tapped), so sender == e.OriginalSource is true.

When you get to the end of the method, keep stepping through the program. The event
will bubble up through the object tree, first running the Rectangle’s event handler, then the
Grid’s event handler, then the Border’s, then the Panel’s, and finally it runs an event handler
method that’s part of LayoutAwarePage—this is outside of your code and not part of the routed
event, so it will always run. Since none of those controls is the original source for the event, none
of their senders will be the same as e.OriginalSource, so none of them clear the output.

Turn IsHiTTesTVisiBLE off, press the “Update” button, and

then click or tap the rectangle LUpdate Rectangle IsHitTestVisible |

[ Mew IsHitTestVisible value

<—— You should see this output.

The ellipse was pressed Wait a minute! You pressed the Rectangle, but the Ellipse
The grid was pressed control’s MouseDown event handler fired. What’s going on?

The bord d . .
e When you pressed the button, its Click event handler updated

the Rectangle control’s IsHitTestVisible property to false, which
made it “invisible” to pointer presses, clicks, and other pointer
events. So when you tapped the Rectangle, your tap passed right
through it to the topmost control underneath it on the page that
has IsHitTestVisible set to true and has a Background property
that’s set to a color or Transparent. In this case, it finds the Ellipse control and fires its MouseDown event.

The panel was pressed
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events and

Check the “Grid sets handled” box and click or tap the gray Rectangle.

You should see this output. —— | Exbonk Risuted Beaiies
|

So why did only two lines get

added to the output ListBox?

Step through the code again

to see what’s going on. This

time, gridSetsHandled.IsOn was
true because you toggled the
gridSetsHandled to On, so the last
line in the Grid’s event handler
set e.IsHandled to true. As

soon as a routed event handler
method does that, the event stops
bubbling up. As soon as the Grid’s
event handler completes, the app sees
that the event has been handled, so
it doesn’t call the Border or Panel’s

| | The rectangle was pressed

The grl.'_i was pressed

event handler method, and instead
skips to the event handler method in
LayoutAwarePage that’s outside of
the code you added.

Use the app to experiment with routed events.
Here are a few things to try:

*  Click on the gray Rectangle and the red Ellipse and watch the
output to see how the events bubble up.

* Turn on each of the toggle switches, starting at the top, to cause
the event handlers to set e.Handled to true. Watch the events stop
bubbling when they’re handled.

*  Set breakpoints and debug through all of the event handler methods.

*  Try setting a breakpoint in the Ellipse’s event handler method, and
then turn the gray Rectangle’s IsHitTestVisible property on and off
by toggling the bottom switch and pressing the button. Step through
the code for the Rectangle when IsHitTestVisible 1s set to false.

*  Stop the program and add a Background property to the Grid to
make 1t visible to pointer hits.

Border sets handled

| Grid sets handied

[] Ellipse sats handled
Rectangle sets handled

o Update Rectangle lsHitTestVisible
of] Mew lsHRTestVisible value

A routed event

first fires the

event handler for
the control that
originated the event,
and then bubbles up
tlnrouglt the control
hierarclly until it
hits the top—or an
event handler sets
e.Handled to true.
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eventhandler delegate

SOMETHING IS DIFFERENT ABOUT EVENTHANDLER. IT/S LIKE
A CLASS - WE USE IT AS A TYPE. BUT WE NEVER USE += WITH
CLASSES, AND WE CAN/T USE CLASSES TO CALL METHODS.
IT/S SOMETHING DIFFERENT, RIGHT?

You’re right! EventHandler is a delegate.

A delegate is a type that represents a reference to a method. In Chapter 4, we
talked about types and references, and how a reference is like a sticky note for an
object. Delegates are also references, but instead of using a sticky note to label an
object, you’re using one to label a method instead.

Let’s take a minute and use Visual Studio to explore the syntax for delegates. Open
any class in and add this event:

public event EventHandler MyEvent;
Now use Go to Definition (F12) on Windows or Go to Declaration (D) on

macOS to see how the EventHandler type is defined. Here’s what you’ll see (you may

need to expand the XMLDoc comments):

fff <summary>Represents the method that will handle an event that has no event data.</summary:=

J// <param name="sender'>The source of the event.</param=
A =p ="e">An object that contains no event data.</param>
pub i pid EventHandler (object? sender, EventArgs e);

ram

te

Zicteontes

Here’s how a delegate works:

When you use the delegate o Use the delegate keyword to declare a delegate.

keyword to define a delegate, You declare a delegate just like you declare a method: it has a return value,

you can use it as a type, just a name, and parameters. You can also add access modifiers. Here’s a

like how you can de_c'lare a delegate that returns a string and takes one int parameter:
class, and then use it in your

code as a type. delegate string IntToString(int i)

e Use the delegate to declare a variable.
If you have a method with an int parameter that returns a string:

string AddNumberSign(int i) => $"#{i}";

You can use the delegate in a variable declaration

_ IntToString methodRef; AddNumh°r51gn
= methodRef = AddNumbeSign; ’7)%,
Rep

Use your new variable to call the method that it’s pointing to:

— T —
E e Use the delegate to call the method.

var output = methodRef(12345);
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events and

Create a simple app and use a delegate. y e this!

Let’s take a few minutes and write some simple code to explore how the delegate keyword
works. Create a new console app. Go to the Program class and add this line:

class Program
! delegate string IntToString(int i); del-e- ate
g gate, noun.
static void Main(string[] args) a PErson sent or
{ o
Console.WritelLine(“Hello World!”); aUthOI'lZCd to represent
} c
y others. The president sent q
Congratulations, you’ve now declared a delegate. Now let’s use it. deleg ate o the s ummat.

Use your delegate to declare a variable to reference a method

Add a method to your Program class—you’ll call it from Main, so make sure it’s static. It just
takes an int and adds a number sign to it:

class Program

{
delegate string IntToString(int i);
public static string AddNumberSign(int i) => $"#{i}"; AddNumhnr-Sj_gn
Now use the IntToString delegate to declare a variable, and call it: %%Od'?
static void Main(string[] args) =4
IntToString methodRef = AddNumberSign;
, Console.WriteLine(methodRef(12345)); \/ou yo‘m’ccd the mC{',\'\OdRC‘c vaviable
\_ ‘{-‘o \/our AddNumbCY‘Slgn "‘C£h°d)
Run your app—it writes #12345 to the console. then You used it 4o call the method
and Yrin‘{:cd its vetuen value.
Point your delegate to a different method
Add the PlusOne method to your app. Then modify your
public static string AddNumberSign(int i) => $”#{i}”;
public static string PlusOne(int i) => $"{i} plus one equals {i + 1}";
e . PlusOne
static void Main(string[] args) %7%
{ :
IntToString methodRef = AddNumberSign; ‘{{:u ::hangcd methodRef to Fowt Ode@#‘
Console.WritelLine(methodRef(12345)); your PlusOne method, so now
when You eall mcfhodRcFUZg‘f;)
methodRef = PlusOne; it ealls PlusOne instead of
Console.WriteLine(methodRef(12345)); AddNumbchign.

}

Run your app again. Now it prints a second line: 12345 plus one equals 12346
25



exploring

Use delegates to call methods in objects _
You can point a delegate to a method in a specific object. Let’s see how V DQ tb 15

this works by creating an app to help a restaurant owner sort out their top
chef’s secret ingredients.

e Create a new Console Application project and add a delegate.
Delegates usually appear outside of any other classes, so add a new class file to your project and
call it GetSecretIngredient.cs. It will have exactly one line of code inside the namespace { ... }:

delegate string GetSecretIngredient(int amount);

Make sure you delete the class declaration entirely, so this is the only line in the file. This is a
delegate with an int parameter that returns a string, just like the one you used on the previous page.

e Add a class for the first chef, Adrian.
Adrian.cs will hold a class that keeps track of the first chef’s secret ingredient. It has a private method
called AdriansSecretIngredient with a signature that matches GetSecretIngredient. But it also has
a read-only property—and check out that property’s type. It returns a GetSecretIngredient. So
other objects can use that property to get a reference to her AdriansSecretIngredient method—the
property can return a delegate reference to it, even though it’s private.

class Adrian {

Advian’s setvet public GetSecretIngredient MySecretIngredientMethod {
ingredient method get {
takes an int return AddAdriansSecretIngredient;

called amount and } }
veturns a string private string AddAdriansSecretIngredient(int amount) {

that destribes her return $"{amount} ounces of cloves";

tret inaredient. }
ey " } The Har\acrsSccreUngvedichJCMCJChOd

property veturns a new instante of the
e Add a class for the second chef, Harper.

GetSetvetingredient delegate that's
Harper's method works a lot like Adrian’s: J/ poin £in 9 4o her setvet ingre dient method.

class Harper {
public GetSecretIngredient HarpersSecretIngredientMethod {
get {
return AddHarpersSecretIngredient;

Harper’s seeret }
ingredient method }
also takes an int private int total = 20;

called amount and private string AddHarpersSecretIngredient(int amount) {

. if (total - amount < @)
veturns 3 string, return $"I don't have {amount} cans of sardines!";

but it veturns a else {
diffevent string total -= amount;
from Adrian's. return $"{amount} cans of sardines”;
}
}
}
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events and

Add a Main method that prompts the user for a chef or an amount.
Here’s the code for the Main method:

static void Main(string[] args)

{
Adrian adrian = new Adrian();
Harper harper = new Harper();
GetSecretIngredient addIngredientMethod = null;
while (true)
Console.Write("Enter A for Adrian, H for Harper, or an amount: ");
var line = Console.ReadLine();
switch (line)
case "A":
Console.WriteLine("Selected Adrian");
addIngredientMethod = adrian.MySecretIngredientMethod;
break;
case "H":
Console.WriteLine("Selected Harper");
addIngredientMethod = harper.HarpersSecretIngredientMethod;
break;
default:
if (addIngredientMethod is null)
Console.WriteLine("Please select a chef!");
else if (int.TryParse(line, out int amount))
Console.WritelLine(addIngredientMethod(amount));
else
return;
break;
}
}
Run the app.

Enter A set the delegate to use the Adrian object’s MySecerentInredientMethod property to set the delegate
to its private ingredient, then enter an amount. Then switch to the Harper object and enter an amount—it
calls the other object’s private method. Switch between them to get different secret ingredients.

Enter A for Adrian, H for Harper, or an amount: A

Selected Adrian

Enter A for Adrian, H for Harper, or an amount: 14

14 ounces of cloves When You type H the app
Ez‘igzté\dfﬁ;rgg:wn, H for Harper, or an amount: H & \__ switthes from the Adrian

. ) . .
Enter A for Adrian, H for Harper, or an amount: 16 °kF‘£55°C“‘£'“5r°dm“£
16 cans of sardines method to point the delegate
Enter A for Adrian, H for Harper, or an amount: 5 to the Har\?cr ob\')ccjc's method.

I don't have 5 cans of sardines!

Enter A for Adrian, H for Harper, or an amount: A
Selected Adrian

Enter A for Adrian, H for Harper, or an amount: 5
5 ounces of cloves

Enter A for Adrian, H for Harper, or an amount:
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func and action

Use the debugger to explore how delegates work.

You've got a great tool—the IDE’s debugger—that can really help you get a handle on how delegates work:

*

28

Start by running your program. Enter the input we gave it on the previous page and make sure your
output looks the same: enter A to select Adrian’s method, give it an amount of 14, then enter H to switch
to Harper’s method, enter 26 and then 3, and then enter A to switch back to Adrian’s method and enter
3. Stop the program.

Place a breakpoint on each of the lines that sets the addIngredientMethod variable:

case "A":
Console.WriteLine("Selected Adrian”);

addIngredientMethod = .MysecretIngredientMethod;

break:

case "H™:
Console.WriteLine("Selected Harper");
break;

Run the program and enter A to select Adrian’s method. When it breaks on the first breakpoint, watch
the locals window. addIngredientMethod should be null:

MName Value
@ addingredientMethod niull

Step over the statement that sets the addIngredientMethod delegate. It now points to the private
AddAdriensSecretIngredient.

MName Value
¢ @ addingredientMethod {Method = [System.String AddAdriansSecretingredient({int32)}}

Enter H to select Harper’s method, then step over the breakpoint and watch the delegate change:

Name Value
¢ @ addingredientMethod (Method = {System.String AddHarpersSecretingredient({int323}}

Place a breakpoint on the first line of the Harper.AddHarpersSecretIngredient method:

private string AddHarpersSecretIngredient{int amount)

{
if (total - amount < @)

return $"I don't have {amount} cans of sardines!”;

Enter a number. The breakpoint breaks inside that method. The Main method is calling a private
method inside an object, which is accessing a private field in that object.

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




events and

LINQ and List<T> use the Func and Action delegates

In Chapter 9 you saw that the LINQ) Select method takes a parameter of type Func. Let’s use the IDE to explore
it. Create a new Console Application called ExploreFuncAndAction and add these lines:

using System;

3:1:3 gy:::m . Ic-ci)g(]].éctions Generic: When the IDE shows you an IntelliSense window for the
g >y : : ? Select method, look for the parameter type: Func. Funcis a
namespace ExploreFuncAndAction delegate that can point to a method that returns a value. If you
{ declare a variable of type Func<int, string> you can use it to
class Program reference any method that takes an int parameter and returns
{ . . ) . a string. LINQ uses Func delegates in its extension methods
?tatlc void Main(string[] args) | soyou can pass them methods and lambda expressions.

Enumerable.Range(1, 5)
.Select

=i Select

':E!ﬂ!!!llllll {extension) IEn ble<THesult= merable<int>Sebect<int, TF xf <ing, int, TResult> selector)
] £ ——— R

4 SelectMany<>  Projects each element of a saquence into a new form by incorporating the element’s indax

+ i

Let’s use the IDE to explore Func. Replace the body of your Main method with these lines:

Func<int, string> timesFour = (int i) => $"-> {i * 4} <-";

Enumerable.Range(1, 5)
.Select(timesFour);

Then click on Func and use Go to Definition (F12) on Windows or Go to Declaration (88D) on macOS:

ff¢f =summary=Encapsulates a method that has one parameter and returns a value of the type specified

£/ by the <typeparamref name="TResult™ /> parameter.</summary>

fff =param name="arg"=The parameter of the method that this delegate encapsulates.</param=

f1f <typeparam name="T">The type of the parameter of the method that this delegate encapsulates.</typeparams

f/f <typeparam names"TResult"=The type of the return wvalue of the method that this delegate encapsulates.</typeparam>
f¢ =returns>The return value of the method that this delegate encapsulates.</returns=
public delegate TResult Funcein T, out TResult=(T arg);

Func is a delegate with on in parameter and one out parameter, which means it takes one argument and returns
a value. There are Func delegates defined with up to 15 parameters and a return value.

There's another delegate that .NET classes use: the Action delegate, which can execute actions by referencing

methods without a return value. Update your Main method so it converts the U

IEnumerable<string> to a List<string> and calls ForEach: d:z-:'lt ’DE. i‘;‘ qu:‘z_ the
on ot the Attion

delegate. [t has an in parameter
bu'f: no ou‘f: Farame‘{:cr.

Func<int, string> timesFour = (int i) => $"-> {i * 4} <-";

int lineNumber = 1;
Action<string> writeLine = (string s) => Console.WriteLine($"Line {lineNumber++} is {s}");

Enumerable.Range(1, 5)

.Select(ti F (
.T::Ligtg )1mes our) Action is a delegate that can point to a method

< that does not return a value. The List<T> class
has a ForEach method that takes an Action
parameter and iterates through the list.

.ForEach(writelLine);
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some events are

P@)@l PuZZle Your job is to take snippets from the pool and place them into the blank lines in the code. You
can use the same snippet more than once, and you won't need to use all the snippets. Your
/ 3 goal is to complete the code for a form that writes this output to the console when it runs.
\_ =
& Output

Fingers is coming to get you!

class RedNose

{
public event <string> ;
public void (string noise, string fun) =>
Honk (this, $"Fin{noise} {fun}");
}
class Program
{
static void Main(string[] args)
{
< ) > evil = (string s) => $"{s}ming t{s}";
< , string, > kill = (string x, string y) => $"{y}{x}";
< , string> slice = (string q) => " " + q;
< > terrify = (string s) => Console.WritelLine(s);
< > laugh = ( sender, e) => terrify(e);
var laughter = new OH
laughter.Honk laugh;
laughter. (kill(evil("o"), "gers is c"), kill(slice("you"), "get"));
}
}
= "_"‘;
Note: Each thing from ! %" f""
the pool can be used Func

more than once. * i :
Action even
lower s
: R Invoke delegate

BigShoes e EventHandler int LS -
RedNose  -= Click string OnCry

Q =
Tricycle Scroll long OnHonk
ClownCar =" Laugh

L — _-H__

30 Solution on page 721
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events and delegates

An object can subscribe to an event...

Suppose we add a new class to our simulator, a Bat class, and that class adds a HitTheBall
event into the mix. Here’s how it works: if the simulator detects that the player hit the
ball, it calls the Bat object’s HitTheBall method, which raises a HitTheBall event.

So now we can add a bat_HitTheBall method to the Ball class that subscribes to the Bat
object’s HitTheBall event. Then, when the ball gets hit, its own event handler calls its
OnBalllnPlay method to raise its own event, BalllnPlay, and the chain reaction begins.

Now its event handl
Fielders field, fans scream, umpires yell...we’ve got a ball game. naler tan

take ih-cov-ma'f:ion about how
hard the .sw'mg was, figwrc
. o Jebests that out the distance and angle,

: th the ball, Ball substribed to the and vaise a BalllnPla L
4he bat eollided with the ba Hit TheBall ovent. nPlay even

it ealls the bat ob\')cd:)s
s\:;{:Ttha“ method. \ /

bat.HitTheBall()

bat_HitTheBall()

o2

of -

)toéjec’r HitTheBall event b ject
Uh ohl These balls weve
supposed to be held in rcscw.rvc
i:":asc the fivst one was nit
out of the park.

.but that’s not always a good thing! bed
Buk a taveless programmer subsevibe

There’s only ever going to be one ball in play at any time. But if the Bat 4o th bat's H\{:Ttha“

. . . them all e . I
object uses an event to announce to the ball that it’s been hit, then any Ball £ .50 when the bat hit the ba
object can subscribe to it. That means we’ve set ourselves up for a nasty i;\cl .{hc piteher heew, all four
little bug—what happens if a programmer accidentally adds three more {-,ha lew out into the field!

Ball objects? Then the batter will swing, hit, and four different balls e
will fly out into the field!

bat_HitTheBall()

bat_HitTheBall()

ST
&all ob\e”

bat_HitTheBall()

HitTheBall event

A
&all oo\e”
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callbacks let objects control their listeners

Use a callback to control who's listening

Opur system of events only works if we’ve got one Ball and one Bat. If you've got several Ball
objects, and they all subscribe to the public event HitTheBall, then they’ll all go flying when
the event 1s raised. But that doesn’t make any sense...it’s really only one Ball object that got
hit. We need to let the one ball that’s being pitched hook itself up to the bat, but we need to
do it in a way that doesn’t allow any other balls to hook themselves up.

That’s where a callback comes in handy. It’s a technique that you can use with delegates.
Instead of exposing an event that anyone can subscribe to, an object uses a method (often a
constructor) that takes a delegate as an argument and holds onto that delegate in a private
field. We'll use a callback to make sure that the Bat notifies exactly one Ball:

Q The Bat will keep its delegate field private.
The easiest way to keep the wrong Ball objects from chaining themselves onto the Bat’s
delegate 1s for the bat to make it private. That way, it has control over which Ball object’s
method gets called.

e The Bat’s constructor takes a delegate that points to a method in the ball.
When the ball is in play, it creates the new instance of the bat, and it passes the Bat object a
pointer to its OnBalllnPlay method. This is called a callback method because the Bat is
using it to call back to the object that instantiated it.

The Ball objcc{: Passes a delegate
vefevente £o its own OnBaIIlnPlay
method to the Bat's construetor-
The bat saves that deleaate in its
private hitBallCallback field.

hitBallCallback

@
%bject

e When the bat hits the ball, it calls the callback method.

But since the bat kept its delegate private, it can be 100% sure that no other ball has been hit.
That solves the problem!

HitTheBall

' @
. wale O//Ob- @Now the Bat ob\')ccjc tan
“bject D /\_)/- ject call iks witBallCallback

hich eall
The other balls can't X T X i:lecgg:lfovﬁ\)eit: .
thain themselves onto X X ~ OnBa”thla‘/ method.
AN

hitBallCallback p—— OnBallinPlay()

o

the delegate because
it's a private field in
the Bat object.

OnBalllnPlay() OnBallinPlay()
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events and

The Case of the Golden Crustacean

Henry “Flatfoot” Hodgkins is a TreasureHunter. He’s hot on the trail of one of the most
prized possessions in the rare and unusual aquatic-themed jewelry markets: a jade-encrusted
translucent gold crab... but so are lots of other TreasureHunters. They all got a reference to
the same crab in their constructor, but Henry wants to claim the prize first.

In a stolen set of class diagrams, Henry discovers that the GoldenCrab class raises a
RunForCover event every time anyone gets close to it. Even better, the event includes
NewLocationArgs, which detail where the crab is moving to. But none of the other
treasure hunters know about the event, so Henry figures he can cash in.

Henry adds code to his constructor to register his treasure_RunForCover method as an
event handler for the RunForCover event on the crab reference he’s got. Then, he sends

a lowly underling after the crab, knowing it will run away, hide, and raise the RunForCover

event—giving Henry’s treasure_RunForCover method all the information he needs.

Everything goes according to plan, until Henry gets the new location and rushes to grab the
crab. He’s stunned to see three other TreasureHunters already there, fighting over the crab.

How did the other treasure hunters beat Henry to the crab?

— Solution on page 36

class RedNose

{ _
public event EventHandler  <string> Honk  ; P@)@I PuZZIG
public void _ OnHonk (string noise, string fun) => 3 3 'n /
Honk _ 2. Invoke (this, $"Fin{noise} {fun}"); 8@ u—tl@

} /
M
class Program T
{
static void Main(string[] args)
{
Fune <__string string > evil = (string s) => $"{s}ming t{s}";
Fune <__string , string, steing > kill = (string x, string y) => $"{y}{x}";
Fune <__string , string> slice = (string q) => " " + q;
Aetion <__string > terrify = (string s) => Console.WritelLine(s);
EventHandler < steing > laugh = (__objeet  sender, _ string  e) => terrify(e);
var laughter = new _ RedNose  ();
laughter.Honk += laugh;
laughter. Ontonk (kill(evil("o"), "gers is c"), kill(slice("you"), "get"));
}
}
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callback

A callback is a way to use delegates

A callback is a different way of using a delegate. It’s not a new
keyword or operator. It just describes a pattern—a way that you use

delegates with your classes so that one object can tell another object, /" D O dﬂS

“Notify me when this happens—if that’s OK with you!”

@ Define another delegate in your baseball project.
We’re going to add a Bat class with a private delegate field that points to the Ball object’s OnBalllnPlay method.
But first, add a delegate that matches that method’s signature.
Create a Bat class, and add this delegate to the Bat.cs file outside the class but still inside its namespace:
delegate void BatCallback(BallEventArgs e); The B?{: ob&cc{_’;s callback il boint 4o a Ball
objet.fs On alllnPlay method, so the eallback’s
delegate needs to mateh the signature of
OnBalllnPlayO—so it needs to take a BallEventArgs

parameter and have a void veturn value.
@ Implement the Bat class.

The Bat class is simple. It’s got a HitTheBall method that the simulator will call every time a ball is hit.
That HitTheBall method uses the hitBallCallback delegate to call the ball’s OnBallInPlay method (or
whatever method is passed into its constructor).

class Bat
{
private BatCallback hitBallCallback;
public Bat(BatCallback callbackDelegate) => this.hitBallCallback = callbackDelegate;

public void HitTheBall(BallEventArgs e) => hitBallCallback?.Invoke(e);

The point of the callback is that the object doing the calling is in_
control of who'’s listening. In an event, other objects demand to
be notified by adding event handlers. In a callback, other objects
simply turn over their delegates and politely ask to be notified.

@ Hook the bat up to a ball.

So how does the Bat’s constructor get a reference to a particular ball’s OnBallInPlay method? Add
this GetNewBat method to the Ball class, which creates a new bat with a callback that’s hooked up
to that ball instance’s OnBalllnPlay method:

public Bat GetNewBat() => new Bat(new BatCallback(OnBallInPlay));

You'll set up the callback in the Bat ob\')cc{:'s

. i kes move
The Ball's new GetNewBat method tveat ) _ tonstruttor. But in some cases, it ma .
BatCallBack delegate 4o pass a :c &‘:i :1: iﬁwog:;{o :E)cd:, and it uses the sense 4o set up the callback method using a

) I m , i tessor-
the new bat. That's the eallback method the bat il uscaw}l‘zf:l?z hi:)zi toa” public method or property’s set accesso
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events and delegates

@ Now we can encapsulate the Ball class a little better.
It’s unusual for one of the On... methods that raise an event to be public. So let’s follow that
pattern with our ball, too, by making its OnBallInPlay method protected:

protected void OnBallInPlay(BallEventArgs e) => BallInPlay?.Invoke(this, e);

Now you’ll see a compiler error because OnBalllnPlay is inaccessible. This is 3 rca"‘j

standard pattern

that you'll see over
Entire Solution - [EB 1 Ermor . 0 Wamings ﬂl 0 of 1 Message "f Bui and over aga'm ‘F\I)\EC_;\_
S T S S e e s ;... T L U R E P E R s S ou WOYk WI‘{')\ .

Code  Description Zlasscs. When 3 NET
¢lass has an event
that gets fived, you'll
almost always ¥ind 3
protected method ;
hat starts with “On’.

t,EI CE0122  'Ball.OnBallinPlay(BallEventArgs)’ is inaccessible due to its protection level

Fix the BaseballSimulator class.
BaseballSimulator can’t call the Ball object’s OnBalllnPlay method anymore—which is exactly what we
wanted (and why the IDE now shows an error). Instead, it needs to ask the Ball for a new bat in order to

hit the ball. When it does, the Ball object will make sure that its OnBalllnPlay method is hooked up to
the bat’s callback.

Console.Write("Enter a number for the distance (or anything else to quit): ");
if (int.TryParse(Console.ReadlLine(), out int distance))

{
BallEventArgs ballEventArgs = new BallEventArgs(angle, distance);
var bat = ball.GetNewBat(); Now the way to hit the ball is to
bat.HitTheBall(ballEventArgs); < ask it for a Bat ob\')cc,{; with a

¥

callback that’s alveady hooked up-
Now run the program—it should work exactly like it did before. But it’s now protected from any
problems that would be caused by more than one ball listening for the same event.

'There’s another design pattern that’s really useful for building apps: it’s called the MVVM ]
pattern. You can learn more about it in the MVVM PDF, which you can download from the
Head First C# GitHub page: https://github.com/head-first-csharp/fourth-edition

Check out Head First Design Patterns, another great book published by O’Reilly Media.
It’s a great way to learn about different patterns that you can apply to your own programs.
The first one you’ll learn about is called the Observer (or Publisher-Subscriber) pattern,
and it’ll look really familiar to you. One object publishes information, and other objects
subscribe to it. Events are the C# way of implementing the Observer pattern.

you are here » 35



five minute solution

The Case of the Golden Crustacean
How did the other treasure hunters beat Henry to the crab?
The crux of the mystery lies in how the treasure hunter seeks his quarry.

First, we’ll need to see exactly what Henry found in the stolen diagrams.

In a stolen set of class diagrams, Henry discovers that the GoldenCrab class
raises a RunlorCover event every time anyone gets close to it. Even better; the event
includes NewLocationArgs, which detail where the crab is moving to. But none of
the other treasure hunters know about the event, so Henry figures he can cash in.

class GoldenCrab {

public delegate void Escape(object sender, NewLocationArgs e);
public event Escape RunForCover;

public void SomeonesNearby() =>
Escape runForCover = RunForCover?.Invoke(this, new NewLocationArgs("Under the rock");
}

}

Any time someone Comes
class NewLocationArgs {

tlose to Lhe 9olden evab,

public NewLocationArgs(HidingPlace newlLocation) { its SOMCOhcsN arb
this.newLocation = newlLocation; method £ ¢avoy
ethod fives °1C1Ca
private HidingPlace newLocation; R““F°VCOVCv event, and
public HidingPlace NewlLocation { get { return newlLocation; } } it ‘C'"ds a Placc to hide.

So how did Henry take advantage of his newfound insider information?

Henry adds code to his constructor to register his treasure_RunForCover() method as an event handler for the RunForCover
event on the crab reference he’s got. Then, he sends a lowly underling after the crab, knowing it will run away, hide, and
raise the RunForCover event—giving Henry’s treasure_RunForCover() method all the information he needs.

class TreasureHunter {
public TreasureHunter(GoldenCrab treasure) {
treasure.RunForCover += treasure_RunForCover;

void treasure_RunForCover(object sender, NewLocationArgs e) { )
MoveHere(e.NewLocation); K Henvy {-,hough{: he was being tlever by altering his

‘}’Oid MoveHere(HidingPlace location) { tlass's tonstructor to add an .cvanc handlgr Jc.hajc -ﬁ“s
// ... code to move to a new location ... his Movettere method every £ime the trab vaises i
’ RunForCover event. But he forgot that the other
! treasure hunters inherit Lrom the same class, and his

tlever tode adds their event handlevs to the ¢hain, ool

And that explains why Henry’s plan backfired. When he added the event handler to the TreasureHunter
constructor, he was inadvertently doing the same thing for all of the treasure hunters! And that
meant that every treasure hunter’s event handler got chained onto the same RunForCover event. So when
the Golden Crustacean ran for cover, everyone was notified about the event. All of that would have been
fine if Henry were the first one to get the message. But Henry had no way of knowing when the other
treasure hunters would have been called—if they subscribed before he did, they’d get the event first.
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Q: How are callbacks different from events?

A: Events and delegates are part of C# and .NET. They're a way
for one object to announce to other objects that something specific
has happened. When one object publishes an event, any number
of other objects can subscribe to it without the publishing object
knowing or caring. When an object fires off an event, if anyone
happens to have subscribed to it, then it calls their event handlers.

Callbacks are not part of .NET at all—instead, callback is just a name
for the way we use delegates (or events—there’s nothing stopping
you from using a private event to build a callback). A callback is just a
relationship between two classes where one object requests that it be
notified. Compare this to an event, where one object demands that it
be notified of that event.

Q: So a callback isn’t an actual type in .NET?

A: No, itisn’t. A callback is a pattern—it's just a novel way of
using the existing types, keywords, and tools that C# comes with. Go
back and take another look at the callback code you just wrote for
the bat and ball. Did you see any new keywords that we haven’t used
before? Nope! But it does use a delegate, which is a .NET type.

It turns out that there are a lot of patterns that you can use. In fact,
there’s a whole area of programming called design patterns. A lot of
problems that you'll run into have been solved before, and the ones
that pop up over and over again have their own design patterns that
you can benefit from.

events and

there are no
Dumb Questions

Q/: Does that mean callbacks are just private events?

A: No, not quite. It seems easy to think about it that way, but
private events are a different beast altogether. Remember what

the private access modifier really means? When you mark a class
member private, only instances of that same class can access it. So
if you mark an event private, then other instances of the same class
can subscribe to it. That's different from a callback because it still
involves one or more objects anonymously subscribing to an event.

Q,: But it looks just like an event, except with the event
keyword, right?

- The reason a callback looks so much like an event is that they
both use delegates. It makes sense that they both use delegates,
because that's C#'s tool for letting one object pass another object a
reference to one of its methods.

But the big difference between normal events and callbacks is

that an event is a way for a class to publish to the world that some
specific thing has happened. A callback, on the other hand, is never
published. It's private, and the method that's doing the calling keeps
tight control over who it’s calling.

qumr POINTS

When you add a delegate to your project, you're
creating a new type that stores references to methods.

m  Events use delegates to notify objects that actions have
occurred.

m  Objects subscribe to an object’s event if they need to
react to something that happened in that object.

m  AnEventHandler is a kind of delegate you use to work
with events.

m You can chain several event handlers onto one event.
That's why you use += to assign a handler to an event.

m  Always check that an event or delegate is not null before
you use it to avoid a NullReferenceException.

m  All of the controls in the toolbox use events to make
things happen in your programs.

m  When one object passes a reference to a method to
another object so it—and only it—can return information,
it's called a callback.

m  Events let any method subscribe to your object’s events
anonymously, while callbacks let your objects exercise
more control over which delegates they accept.

m  Both callbacks and events use delegates to reference
and call methods in other objects.

m The debugger is a really useful tool to help you
understand how events, delegates, and callbacks work.
Take advantage of it!
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