Delegates — methods as variables
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Q - Bl - Debug - AnyCPU = 01. WhatAreDelegates ~ P Rozpocznij~ M _ M =% N
= EntryPoint.cs* + X
=
o [ 01. WhatAreDelegates ~ & Delegates.EntryPoint.NamesFilter -
g = System;
E System.Collections.Generic;
o
3 Elnamespace Delegates
=
{
5 = public class EntryPoint
3 1
.
______ delegate bool NamesFilter(string item};
= stati id Main()

{ "Alice”, "John™, "Bobby", "Kyle", "Scott”, "Tod”, "Sharon”, "Armin", "George'
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For most people to learn how to code this and
why we need it is very frustrating and
confusing. Instead of trying to explain it | will
try to illustrate it with an example. Let's start

with the following. We have a string name
array and we have a task to extract all names
with length less then five characters. That's
easy.
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Q - Bl - Debug - AnyCPU = 01. WhatAreDelegates ~ P Rozpocznij~ M _ M =% N
-;% EntryPoint.cs & X
o [ 01. WhatAreDelegates - *3% Delegates.EntryPoint - @ Main()
g Blusing System;
E sing System.Collections.Generic;
] e — .
E r b LW ! - v I 20 @
Elnamespace Delegates
=) Mamesz: John. H_t;le, Tod
o 1 fhy-lientynmewatr-naerinig—dowo lny klawisz . . .
5 = public class EntryPoint
3 1
2
= stati id Main() X
{
string[] names = { "Alice"™, "John", “"Bobby", "Kyle™, "Scott", "Tod", "Sharon”, "Armin", "George'
List<string> [leSsThenFivechars = new List<string>();
_ : : All we have to do is create a loop with an IF condition in it and
= toreach (var item in names) . . . . . T
[ extract them in a new collection. So let's do it. Let's write: list of
= if (item.length < 5) string we're going to use, a list of string to store these new names
{ less than 5 chars equals to new list of strings. And we're going to
IR N B [es== V@ create a for loop for each.
i }
i ¥
' Console.Writeline("Names: " + string.Join(", ", :lessThenFiveCharf.) ¥i
i H
And we are going to check if that length is less than 5. And if it is
i ¥ we are going to add them to the lessThenFiveChars list. Simple
|} enough.

Let's try it. So we get: John, Kyle and Tod.
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Q - Bl - Debug - AnyCPU - 01. WhatAreDelegates ~ P Rozpocznij~ M _ M =% N
-f.% EntryPoint.cs & X
o [#01. WhatAreDelegates - #3 Delegates.EntryPoint -~ @2 Main()
g Husing System;
il sing System.Collections.Generic; Gmg =
% - CA\Windows\system32homd.ex
o e [ Mames: John, Kyle, Tod
- D{ﬁ """"" Delegates Ahy kuntynuuwag, nacifnij dowolny klawisz . . .
=
5 = public class EntryPoint
3 {
=
= static void Main()
{ L
string[] names = { "Alice”, "John", "Bobby", "Kyle™, "Scott", "Tod", "Sharon”, "Armin", "George'
List<string» lessThenFiveChars = LessThenFive(names);
Console.WriteLine("Names: " + string.Join{", ", lessThenFiveChars));
i H
= public statiic List<string> LessThenFive(:tring[] items)
{
List<string? result|=|new List<string>();
= foreach (var—itew—in itews) And here we have a LessThenFive method. So
{ that takes a string array at the input and we
= if (item.Length < 5) are going to return a new list of strings.
{ So, new list. This is a result and we are going to
result.Add(item); return them. And we're going to do this less
i . } than five. It works the same way.
- f:_ o i Now what if we want to do the same thing but
3 e ’ with all names that are more than five
i } characters.
B




m
m
!

=l
m
!

1
s
!
[
!

=1

) Ok that's it. We can create another method to
do it.

Q- Bl - Debug - AnyCPU - 01. WhatAreDelegates But what if we want only those that are exactly
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five characters. That’s it.
What if all of those are 10 characters long or
longer.
= Liste > LessThenFive( [] items) We can see how quickly we start to get many
{ different cases and we can't create infinite
List< > result = List< >()s; number of methods to solve them all.
= ( item items) This is where a delegate comes in.
You can take a piece of code and make it
varying. So let’s show what we mean by this.
el e SR Let's take a look at our method that we
} created.
} We have only one part of the code that is
result; varying. And this is the condition that filters
1 the names.
List« > MoreThenFive( (BRI |f we want to get the names that are more
1 than five characters we simply have to change
List« b Tesult = List< >(); the sign.
( item items) - .
This is the place where we are going to change
(item.Length > 5) this piece of code. In order to extract this piece
{ of code we need to think a little. What does it
result.Add(item); need as an input and what outputis it going to
1 return. (Something like when you create a
} method).
result; Well, we need a string in the input, and we are
i } going to return a boolean: true or false
= IR > [EEEEL A L) e = which will indicate whether the item has
List< s result - List< ()3 exceeds five characters or not.
( item items) So we will simply extract our conditions into
l [ new methods that only contain the conditions
(item.Length == 5) and nothing else.

S|

EntryPoint.cs* + X
(=] 01. WhatAreDelegates - *3% Delegates.EntryPoint
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= (item.Length < 5)
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01. WhatAreDelegates

| L

public class En
{
{
List<st
Console
List<str
Console
List<st
Console
x>
{
List<st
{
}
}
H
1

Debug -~ Any CPU

= & Delegates.EntryPoint.Filter

ring> lessThenFiveChars = ExtractStrings({names, LessThanFive);

01. WhatAreDelegates -~ P Rozpocznij - M _

CA\Windows\system32homd.exe

Mame=s: John, Kuyle, Tod

Mamez: Sharon, George

Mames: Alice. Bobhy. Scott. Armin

Aby kontynuowad, nacifnij dowolny klawisz . . . _

h,

John", "Bobby", "Kyle™, “"Scott", "Tod", "Sharon™, "Armin“, "George'’

tryPolnt

gate bool Filters(string item);
Main()

] names = { "Alice”, "]
WriteLine("Names: "

(filter(item))

result.Add{item};

1 result;

We are going to return a

+ string.Join(", ", lessThziviveChars)};

ing> moreThenFiveChars = ExtractStringsframes, MoreThanFive); [RSCIEURINIENNESRGE]

MriteLine("Names: " + string.Joinf®;"", moreX4eéni-iveChars)); five. We can do the same
ring» exactlyFiveChars = Extpz<cStringsfaames, ExsctlyFive); with the rest of the
.Writeline("Names: " + ={ring.Joiny , ", ex=CclyFiveChars)); conditions. We write:
MoreThanFive and
4= t—r] rusforring ite raturn 3 - .
P I:ESSI:E”:W;' o 1.;[“:‘.: E N %:Eem' tengE: ¢ :’ % ExactlyFive. So we have
tic bool MoreThanFive(s=ring item return item.lLength > 5; .
: - ~. . our three different
Cic hool ExactlyFive(Strcing item) { return item.Length == 5; } .
methods with three
tic List<string> ExtractStrings(string[] items, Filters filter) different conditions
string> result = new List<string>(): But how are we going to use them
( r item in items) : as variables within that method.

The answer is: delegates. A delegate allow us to store these methods into
variables and pass them by argument.

So let's create the and let's go with it. This is everything that we need to do in
terms of the delegate. So the delegate is basically creating a new type.

The last thing that we need to do is fix our call of the method.

We now require a second argument which is a delegate which is actually here's
the tricky part here. If we change it to the other method we get the names that
have more than five characters and exactly five. It's still working.




Delegates and lambda expressions
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o - Mool 9 - Debug -~ AnyCPU = 01. WhatAreDelegates ~ P Rozpocznij - M _
= EntryPoint.cs
-
o [ 01. WhatAreDelegates ~ & Delegates.EntryPoint.Filters -
= |t
E = public class EntryPoint
m
2 {
B public delegate bool Filters(string item);
o = static void Main(
= {
5 string[] names = { "Alice™, "John", "Bobby", "Kyle™, "Scott", "Tod", "Sharon”, "Armin", "George’
= List<string> lessThenFiveChars = ExtractStrings{names, tessTianfive);

Console.WriteLine("Names: + string.Join(", ", lessThenFiveChars)};

List<string> moreThenFiveChars = ExtractStrings(names, MoroThantive);
Console.Writeline("Names: ™ + string.Join(", ", moreThenFiveChars)};
List<string> exactlyFiveChars = ExtractStrings(names, ExactliCiual.

Fas

. exactlyFiveChars));

Console._WritelLine("Names: + string.Join(",

H
public static bOUT=beassThanFive(string item) { redwriTitem.lLength < 5; }
public static bool MoreThanFivec=wiwi item) { return item.Length » 5; }
public static bool-FxaCtlyFive(string item) { rFetess.dtem.length == 5; }
=] public static List<string> ExtractStrings(string[] items, Filters filter)}
{
List<string> result = new List<string>(); There is a way to perform the exact same
= foreach (var item in items) operations but with much less code.
{ You may think: well how are you going to make
= if (filter(item)) it even less. We don’t need filter method at all.
{
result.Add(item};
i }
i }
return result;
h
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Q- -l D - Debug ~ Any CPU - 01. WhatAreDelegates ~ P Rozpocznij~ M _ M =% N
= EntryPoint.cs & X
19% (=] 01. WhatAreDelegates - *3% Delegates.EntryPoint - @ Main()
% Husing System;
E |using System.Collections.Generic;
m
; Elnamespace Delegates (
LE 1 ) } Mamez:= John. Kuyle. Tod
g"_ = public class EntryPoint :gﬂggi E?EEET’BEEE:?EECDtt, Armin
= { S r=emeTTn e T e heneans—klawisz . . . _
______ delegate bool Filters(string item);
= ctati oid Main() \
{
string[] names = { "Alice", "John", "Bobby", “"Kyle", “"Scott”_ _tInd" _“Sharon”, "Armin", "George'
List<string> lessThenFiveChars = ExtractStrings{names_ item => item.Length < 5):
Console.Writeline("Names: ™ + string.Join(", ", lessThenEivzliai sy,
List<string> moreThenFiveChars = ExtractStrings(names, item => item.Length > 5);
Console._WriteLine("Names: ™ + string.Join{", ", moreThenrivgtharcsil:
éf List<string> exactlyFiveChars = Extract5trings(names, item =»> item.lLength == 5):
Console.Writeline("Names: ™ + string.Join(", ", exactlyFiveCnarsjyj,
i H
= public static List<string> ExtractStrings{string[] items, Filters filter)
{ List<string> result = new List<string>(): We can use lambda expressions and specify our methods
=) foreach (var item in items) right in the place of the argument here so we can simply say
! item length less than 5. It's still working.
=
I } o ,
} You don't have to create new methods for something simple as that. Instead of making 10
i ke different methods for the different conditions that you want. You can simply write it in line
1 wherever you need it. And if | were on this code you will see that it's working just as expected.
: } Jon, Kyle, Tod; Sharon, George and the rest of the names which are 5 characters long.




Delegates chaining with many methods

Let's create one very simple method that is simply
going to print something on the console.
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Q - Bl - Debug - AnyCPU = 01. WhatAreDelegates ~ P Rozpocznij~ M _ M =% N
= EntryPoint.cs & X
-
o [ 01. WhatAreDelegates ~ & Delegates.EntryPoint.Printer -
g {
il = public class EntryPoint
=
i {
. public delegate void Printer(string message);
=
3
4 = stati oid Main()
= {

Printer p = Print; Message

Aby kontynuowad, nacifnij dowolny klawis=z . . .

p{"Message");

i H
= public static void Print{string message)
{
Console.WritelLine(message);
i 3
B , . .
} It’s the most basic example of using delegates.

B First: we create delegate which is a header of
method: with name and arguments.
Then we create a variable of type of the delegate

and assign a compatible method to it. And finally
we call the method using our variable. Now you
may be wondering well what's the point of this.
Why can't we just write print message.

Why should we use delegates?
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G - B

EntryPoint.cs & X
01. WhatAreDelegates

elamdas 1ojeso)dsy]
=

Huloghzig
[1]
=

mnl!
]
it

2 - Debug ~ Any CPU - 01. WhatAreDelegates ~ P Rozpocenij - M _ g

~ & Delegates.EntryPoint.Printer -

public delegate void Printer(string message);
static void Main() ( CAWindows\system3. =
i . . Message
Printer p = Print; Message
p += print; fossage
p += Print; :essage
_ . essage
p += Print; Hhy Kontynuowad, nacifnij dowolny klawis= . . .
p += Print; "
p += Print; .
p{"Message");
h
public static void Print(string message) There is something different that this allows us to do.
: The thing is that we can have more than one method
! g
Console.Writeline(message); to a given delegate variable.
1 Basically we are adding more methods to the

delegates.

We are creating a list of methods that will be
executed when the delegate is called.

Now we're going to get message a couple of times.
So this method is going to execute several times.
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G - -l D - Debug - Any CPU - 01. WhatAreDelegates ~ P Rozpocenij~ M _ Y ff = 2= M
T EntryPointcs & X
=
o [ 01. WhatAreDelegates - Delegates.EntryPoint.Printer -
g Husing System;
g System.Collections.Generic;
m
3 Elnamespace Delegates
=
3 { _
5 = public class EntryPoint
3 1
.
public delegate void Printer(string message);
= static wvoid Main() o C\Windowsh sy
1 Meszzage
Printer p = Print; Message
s Mezzage 1
p += Print; Message 2
p += PrintTwice; Meszage
. L. Message 1
p += Print; Mezzage 2
+= PrintTwice; Message ; ;
P i neynorweyauowac . nacignij dowolny klawisz= . . .
p += Print;
p("Message"); "\
i H
= public static void PrintTwice(string message)
1 Of course we can call different methods as well.
Console.WritelLine(message + " " + 1); So if we create a second method to print twice the
Console.WriteLine(message + + 2); message we're going to do the exact same thing.
i 3
= public static veoid Print(string message)
{
Console.WritelLine(message);
i H
i )
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Q - Bl - Debug - AnyCPU - 01. WhatAreDelegates ~ P Rozpocznij~ M _ M =% N
= EntryPoint.cs & X
= =
o [ 01. WhatAreDelegates - *3% Delegates.EntryPoint = I Main()
g Husing System;
% System.Collections.Generic;
m
3 Elnamespace Delegates
_|'E|
3 { |
5 = public class EntryPoint
3 1
.
public delegate void Printer(string message);
=i static void Main() N C\WWindows\system32homid.exe
1 Meszzage
: . _ s 3. Me=szage
Printe .p = Print; Message 1
p += Print; Message 2
_ . P Mezzage
p += Pr%ntTwlce, Message
p += Print; WDy Kontynuowad, nacifnij dowolny klawis= . . . _
p += PrintTwice;
p += Print; -
p -= PrintTwice;
p{"Message");
i 1 We can also remove methods from the delegate
chain so we can say P minus equals PrintTwice.
= public static void PrintTwice(string message) And if we call p again then you'll get PrintTwice
{ only once.
Console.Writeline(message + " " + 1); Now when we subtract methods from the delegate
Console.WriteLine(message + " " + 2); chain we are removing the last occurrence of the
B H delegate.
= public static void Print{string message)
1
Console.Writeline(message);
H
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mnl!
]
it

~ & Delegates.EntryPoint.Printer -

Printer p = Print;

p += Print; UJoid Print{System.Stringl
+= PrintTwice; Upid Print{System.String>
P . . UJoid PrintTwice{System.String>
p += Print; Uoid Print{System.String’}
p += PrintTwice; Uoid Print(System_Stringl
i HOY KONt ynuowac, nacisnig oowoing klawiszz . . . o
p += Print;
p -= PrintTwice;
foreach (var del in p.GetInvocationList())
{
System.Console.Writeline(del.Method);
}
public static void PrintTwice(string message)

) ) All right how are we able to check what is on the
Ccﬂszle.Hr%tEL%ne(me553ge - . + 1); list of the delegate chain.
Console.Writeline(message + +2); What's the least of those methods.

There are two easy ways in which you can do this.
N . . . The first is to use a For Each loop.
public static void Print(string message)

So for each delegate has a Getlnvocation() method

which returns the list of all assighed members to
the delegate chain.

And here by getting these items we should get the
names of all methods that are assigned.

So we have print, print, print twice, print and again
print.

Console.Writeline(message);




Eﬂ Delegates(debugowanie) - Microsoft Visual Studio
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e - 2 e g P Kontynuuj - S _ mEH > ¢+ o
Proces: [4912] Delegates.exe - Watelk: [7324] Watek gldwny - v Ramka stosu:  Delegates.EntryPoint.Main
EntryPoint.cs
01. WhatAreDelegates #3 Delegates.EntryPoint - @, Main()
l.F' L e LB L
p += Print;
p += PrintTwice; :
p += Print; If you put a breakpoint here and we look at the
p -= Pr‘int;wi-:E' debugger, we can see here delegates — it has five
itemsin it.
= foreach (var del in p.GetInvocationList()) Print, Print, PrintTwice, Print, Print.
{ If you think about it for a while.
System.Console.WriteLine(del.Method); The delegate mechanism may not seem necessary
} at the moment, but it will prove necessary when
i programming events.
Delegate[] delegates = p.GetInvocationList(); But we’ll talk about it when we go to events.
E. +  public ctati 0id PrintTwice({string message)
{
Console.WriteLine(message + " " + 1);
Console.WritelLine(message + " " + 2);
i h
1w = 4
_Autumatl'rane e T T T S S L e W S Stos w}.-.,.».,.-.;.lfaﬁ
Mazwa Wartosd Typ Mazwa
_______ 4 it delegates {Sustem.Deleaatel51} System.Delegate]] ! & Delegates.exelDelegates.EntryPoint.Main() Wiersz 2
bow [0] {Method = {Void Print(System.5tring]}} Systern.Delegate ...

@ [1]
@ [2]
@ [3]
@ [4]

b {Method = {Void Print(System.5tring]}}
:
:
B
bW p

{Method = {Void PrintTwice(Systern.5tring]}}
{Methed = {Void Print(System.5tring]}}
{Method = {Void Print(Systemn.String) }}
{Method = {Void Print(System.5tring) }}

Systern.Delegate ...
Systern.Delegate ...
Systern.Delegate ...
Systemn.Delegate ...
Delegates.EntryP...



Delegates chains with returning
methods — catching all returns
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Q- -l D - Debug ~ Any CPU - 04, CatchAllReturnsFromAChain =~ P Rozpocenij~- M - Y = %= N
-f.% EntryPoint.cs = X EntryPoint.cs
5_ [#] 04, CatchAlIReturnsFramAChain - & CatchAllRet D fs
g Blusing System;
il System.Collections.Generic; Falze
% System.Ling; Aby kontwy wowac, nacifnij dowolny klawisz . . . _
ﬂt' Elnamespace CatchAllReturns
g {
% = class EntryPoint
{
______ delegate bool ChecklLengthOfString(string message);
= static veoid Main()
i
CheckLengthOfString d = LessThanFive;
d += MoreThanFive;
d += ExactlyFive;
Console.Writeline(d{"Message"));
i H
We have new example which examines length of a
= public static bool LessThanFive(string item) string — More, less or exactly five.
] There is a delegate of the same signature (one
return item.Length < 5; string argument and return bool value).
i 1 And we're going to create a new chain of delegates
= public static bool MoreThanFive(string item) with these methods.
i So we put three methods which checks three
returr item.Length > 5; conditions.
B ¥ So if we now use this delegate with a given
=l public static bool ExactlyFive(string item) message, there are three return values from three
1 methods. And we can catch only one of them (the
returr item.Length == 5; last one).
i H
i k)
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G - -l D - Debug =~ AnyCPU - 04. CatchAllReturnsFromAChain ~ P Rozpocenij - M _ Y ff = 2= M
= EntryPoint.cs = X EntryPoint.cs
=
2 [ 04. CatchAllReturnsFromAChain = & CatchAllReturns.EntryPoint.ChecklengthOfString -
g
il Enamespace CatchAllReturns
s
i {
“ = class EntryPolnt
=
g {
=l g |! | public delegate bool ChecklLengthOfString(string message);
2
= static void Main() )
Foreach loop Pgsults: Fqlse, True. False
CheckLengthOfString d = LessThanFive; Aby kontynuowaé, naciswii dowolny klawmds=z W . .
d += MoreThanFive;
d += ExactlyFive;
List<bool> results = new List<bool>(); .
= foreach (var del in d.GetInvocationList())
{
results.Add{(bool)del.DynamicInvoke("Message™));
i ¥
Console.Writeline("Foreach loop results: " + string.Join(", ", results));
L h So how do we get all three values. The way to do this is to
B . - il LesslerErEie s ar ST individually execute each of the items in this delegate and create
"{ """ N I a list of results.
i e We are going to use the invocation list and Dynamiclnvoke. So in
1 o ' ? this example we return Booleans to the returns list. The
= . -tatic bool MoreThanFive(string item) Dynamiclnvoke returns object value. It which basically means that
{ - we have to manually type cast it into a boolean.
eturn item.Length > 5; So let's also print the results from this operation and the results:
1 we get all three returns from these methods. We get false true
= sublic static bool ExactlyFive(string item) and false. We can do this in another way, an easier way.
{
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Q- BH-ald D Debug ~ Any CPU - 04, CatchAllReturnsFromAChain =~ P Rozpocenij~- M - Y = %= N
= EntryPoint.cs = X EntryPoint.cs
=
2 [ 04. CatchAllReturnsFromAChain - "%, CatchAllReturns.EntryPoint = @ MoreThanFive(string item)
g
i gnamespace CatchAllReturns
s
i {
. = class EntryPoint
=
g {
A public delegate bool ChecklLengthOfString(string message);
E_. o
= E‘_E"_ oid Main() B C\Windowshsystem32yemd.ex
S O llambda expreszsion: False, True,. Falze
CheckLengthOfString d = LessThanFive; Aby kontynuowac, nacisnij dowolny kKlawisz . . .
d += MoreThanFive;
d += ExactlyFive;
List<bool> results = new List<bool>(); .
results = d.GetInvocationList().Select(del => (bool)del.DynamicInvoke( "Message™)).TolList();
Console.Writeline("Lambda expression: " + string.Join{", ™, results));
i h
= public static bool LessThanFive({string item)
[ We can do it in an easier way by using Lambda and
return item.Length < 5; select method.
1 We call select for invocation list, and results of
= public static bool MoreThanFive(string item) Dynamiclnvoke calls convert to the list of bools. As
f you can see result is the same but code is placing in
et i itemlLength b 5J' justone line of code.
1 You can even create a generic method that would
= public static bool ExactlyFive(string item) work for any delegate that you have and you will
{ be able to catch all of the return types.
return item.Length == 5; And this is what we will do next.
i 3
&




Generic methods to catch all returns

We can catch all of the results that are returned by
a delegate chain.

But why do we have to rewrite the code every
time; we can extract it in a generic method.
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Q - MR-l 9D - Debug -~ Any CPU = 05, GenericReturnCatcher ~ P Rozpocznij - E;i: O | |

So let's create a new method for public static.

I
it

= EntryPoint.cs = X EntryPoint.cs EntryPoint.cs W | Th
= - . - . e're goingtoreturn alist o ecause we're going to return a
2 [c# 05, GenericReturnCatcher = & GenericReturnCatcher.EntryPoint. going . . going
& : different type every time and let's call them and catch.
=]
” Dl e e e PR A T So Yve are ta.kmga delegate as an n':put a.rgumentanc‘i we're also
- { taking an object parameter and we're going to make it equal to
m
a g class EntrvPoint null because we're going to make it optional because not
o [ all methods are going to take some input into or something.
=
2! o | i public delegate bool ChecklLengthOfString(string message);
= stati oid Main()

Falze, True, False
Aby kontynuowad, nacifénij dowolny klawisz . . .

CheckLengthOfString d = LessThanFive;
d += MoreThanFive;
d += ExactlyFive;

List<bool> boolResults = CatchAllResults<bool>(d, "Message™);
Console.WriteLine(string.Join{", ", boolResults)};
i H
= public static List<T» |CatchAllResults<T» Delegate del, jobject parameter = null)
{
List<T> result = del.GetInvocationlList/ 3
.Select(d => (T)d.DynamicInvoke(parameter}))
.ToList();
return result; So this is optional.
1 And here we have to create a new list to which we
i will assign results. And method select with lambda
= public static bool LessThanFive(string item) argument to get only results from Method chain.
& public static bool MoreThanFive(string item) Now we have one slight issue here - we need to
= public static bool ExactlyFive{string item) typecast into t. and we have to return
L it. We have the result.
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Q- -l D - Debug ~ Any CPU = 05. GenericReturnCatcher ~ P Rozpocznij~ M _ M =% N
= EntryPoint.cs* + X EntryPoint.cs EntryPoint.cs
-
2 [#]05. GenericReturnCatcher - "%, GenericReturnCatcher.EntryPoint = @ LessThanFive(string item)
g public delegate bool CheckLengthOfString{string message);
E _______ delegate int Getlength{string message);
i
: = static void Main()
Et' False, True, False
s 3, 4. &
2 fhy=lientynuevady-naolinij dowolny klawisz . . .
2 CheckLengthOfString d = LessThanFive;

d += MoreThanFive;
d += ExactlyFive;

-

List<bool> boolResults = CatchAllResults<bool>{d, "Message™);
Console_WriteLine(string.Join{", ", boolResults)};

Now just to confirm that it's working for different types let's create a new
delegate. It get lengths. So we are turning results to integers.

We're going to use lambda expressions this time because it's easier and
faster.

We assign three methods to the chain: length, length+1, length+2.

GetLength p = x => x.Length;
p += x => X.Length + 1;
p += x => X.lLength + 2;

List<int> lengths = CatchAllResults<int>(p, "asd");

Console.Writeline(string.Join(", ", leagths)\};
1 }
= public static List«<T> CatchAllResults<T>{Delegate del, object parameter = null)
{
List<T» vresult = del.SetInvocationL ‘st()
.Select(d => (T)d.DynamicInvoke(parameter}))
.ToList();
ot ek So we have two methods that are going to take the length of the input argument
} which is the message. In first delegate chain we return boolean values and in
éﬁ I second integers.
£ public static bool LessThanFive(string So in each cases we catch all the results and we can show results
B public static bool MoreThanFive(string on the console. So we managed to generalize this method as well.




Func and Action delegates

All right I'm going to show you one new type.
It's not exactly the type of delegate but is to delegate.




&
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= EntryPeoint.cs EntryPoint.cs® = > EntryPoint.cs EntryPoint.cs EntryPoint.cs EntryPoint.cs
= .
2 [c#] 06. FuncAndfction - *3 FuncAndAction.EntryPoint = & Main()
g > - X
g = FuncAndAction 7 -
. _]{ e The only purpose of this delegate here is to make our
= N I e life a bit simpler and easier and we no longer need to
2 P T use delegate explicitly like we are doing it here.
2 B » 1 . . 1 H
= So I'm going to delete it and you're not going to
= | . refactor our code and make it work without this
= Main () -
[ explicit delegate.
[1 names = { "Alice™, "John", "Bobby", "Kyle™, "Scott", "Tod", "Sharon™, “Armin“, "George'
Func< b > lessThanFive = x =»> x.length < G;
runce b > moreThanFive = x => x.Length > 5;
? I FJ"|C{[ L > exactlyFive = x => x.lLength == 5;
A 13z17 % Func<inTL, in T2, in T3, in T4, in T5, in T6, in TZ, in T8, in T9, in T10, in T11, in T12, TResult=
Built in delegate method Inputs — up to 16 params Output — the last
pa rameter
We are going to use a built in delegate which is called func like so as you can see here
we have angle brackets so we need to get some parameters some generic parameters.
08% - 4 In our case we need a delegate that matches the signature of boolean return type and b
i string input type. And here you can see that we have 17 overlord's.
SLUCRWIEEEIEIN |f we take a closer look you'll see that we have inputs and the last parameter is always TR
LSRG ELIRNNIEE the output. So no matter how many parameters we get the last type is a type that is
el  coing to be returned. We can give it up to 16 input types. Let's do that less than five. PYPOLIL - 24 10, £0, 10, £ ) EVTOE A3 Lo0s - U
1>CiWWALDEK . . . ryPoint.cs(16,26,16,27): error C51513: O
15C: \WALDEK\ Less than five equals. Here we have to assign a method that matches the signature to ryPoint.cs(16,32,16,33): error C51001: C
BV TEIS'EN] this Func delegate. And we use lambda to do it. x => x.Length < 5. And so we do with ryPoint.cs(16,32,16,33): error CS1882: (
IRV AN “moreThanFive” and “exactlyFive”. ryPoint.cs(16,32,16,33): error C51525: kW
S========= KL___'______F__ e ———— _____________‘ar'||:|1_ E pﬂminie‘tﬂ ==========
1 »
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Even without us creating a new delegate is still going to work simply because
EntryPoint.cs EntryPoint.cs® ® X EntryPoint.cs LGN these methods here match the signature of this func delegate. Let's use the
06. FuncAndAction S LTINS different approaches. Instead of giving it the methods we already saw that they
=) static void Main() are working we are going to use the expression.
string[] names = { "Alice™, "John", "Bobby", "Kyle™, "Scott", "Tod", "Sharon”, "Armin", "George'
Func<string, bool> lessThanFive = x => x.Length < 5;
Func<string, bool> moreThanFive = x => x.lLength > 5;
Func<string, booly exactlyFive = x => x.length == 5;
Type - delegate Variable — method name Value — body of method
List<string> nameslLessThanFiveChars = ExtractStrings(names, lessThanFive);
List<string> namesMoreThanFiveChars = ExtractStrings(names, moreThanFive);
List<string> namesExactlyFiveChars = ExtractStrings(names, exactlyFive);
Console.Writeline("Names less than fiveschars: ™ + stying.Join(”, ",\nameslLessThanFiveChars));
Console.WriteLine("Names more than fide chars: "™ + string.Join(", ", namesMoreThanFiveChars));
Console.WriteLine("Names exactly fide chars: " + stping.Join(", ™, namesixactlyFiveChars));
= public static List<string»> ExtractStrings(string[] array, Func<string, bool> filter)
List<string> result = new List<string>(); [N RSILEEREET )y Eratey T K=
=] for (int 1 = @; 1 < array.Length; i++) Mames less than five chars: John. Kyle. Tod
{ Mamesz more than five chars: Sharon. George
. . . Mamesz exactly five chars: Alice. Bohby, Scott. Arm
= if (filter(array[i])}) Aby kontynuowad,. nacifnij dowolny klawisz . . .
{
result.Add(array[i]); So X is the input X of length less than 5 and instead of using this method we're
! going to use this delegate that we created here. It's still working. We can do the
i } same thing for more than five. Exactly five but we have seen this enough times
I eturn result; already
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Q- -l D - Debug ~ Any CPU - 06. FuncAndAction ~ P Rozpocznij~ M _ M =% N
-;% EntryPeoint.cs EntryPoint.cs® = > EntryPoint.cs EntryPoint.cs EntryPoint.cs EntryPoint.cs
2 [c#] 06. FuncAndfction - *3 FuncAndAction.EntryPoint - @ Main()

g Enamespace FuncAndAction
i 1
s i 15 cTace Entrubadnt
i = public class EntryPoint
i {
G = static void Main()
g {
2 string[] names = { "Alice™, "John", "Bobby", "Kyle™, "Scott", "Tod", "Sharon”, "Armin", "George
I Action<string> printer = Print;
A 12716 W Action<inTL, in T2, inT3,in T4, in TS, in T6, in T7, in T8, in T9, in T10, in T11, in T12>
No output
Built in delegate method Inputs — up to 16 params parameter

printer += PrintTwice;
printer += Print;

. S " | want to address one other thing here we have another built in
printer(“Message");

delegate which is called action and the difference between
action and func is that the action only takes input.

B } It has no return types or in other words the action is a built in
5 sublic static void PrintTwice(Strin | message) delegate that you are using for methods that are of return type
i f - void, methods that are not returning anything.

So if your method returns something you use func. If it's a void
1 like the print method that we had earlier you have to use action.
B So let's see an example with the printing methods with the
action. You have the option to take in 16 input types. We need

Console.Writeline(message + + message);

= !  public static void Print(string message)
{ one.
Console.WriteLine(message); So printer equals print methods.
} We can also sign the print twice. And let's use them.
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E EntryPeoint.cs EntryPoint.cs® = > EntryPoint.cs EntryPoint.cs EntryPoint.cs EntryPoint.cs
=
2 [ 06. FuncAndAction - ‘IsFur'n:.'imcl.'i'u:tin::n.Entl}-'Pn:int ~ @ PrintTwice(string message)
2 Elnamespace FuncAndAction
il
2 {
3 = public class EntryPoint
- {
< = static void Main()
g {
= |
E string[] names = { "Alice™, "John", "Bobby", "Kyle™, "Scott", "Tod", "Sharon”, "Armin", "George’
I Action<string» printer = Print; ER C\Windows\system32\cmd.exe
printer += PrintTwice; Message
printer += Prinu: Meszage Message
rinter("Message") Hessage < z
p . g * Aby kontynuowadé, nacisnij dowolny klawi==z . . .
I } X
= public static void PrintTwice({string message)
{
Console.Writeline(message + " " + message);
i H
= public static void Print(string message)
{
Console.WriteLine(message);
3
3
¥

We have: message, message message and message.

So there it is funk and actions simply make your life a bit easier.




Anonymous methods and lambda
expressions

So you might have heard the term anonymous methods. This is what we're
talking about.

And this can be used with func and action delegates. So let's see how this
works out.




Plik Edyga Widok

elamuas 1o03eso)dsy]

Huloghzig

Q- -l D - Debug ~ Any CPU - 07. AnonymousMethodAndLambe = P Rozpocznij - Ml _ b

Projekt  Kompilowanie  Debugowanie  Zespdt  Marzedzia  Test

Analiza Okno Pomoc

I
it

EntryPoint.cs = X EntryPoint.cs EntryPoint.cs EntryPeoint.cs EntryPoint.cs EntryPoint.cs EntryPoint.cs

07. AnonymousMethodAndlLambda
FElus1n

o System;
System.Collections.Generic;

public class EntryPoint

static void Main()

output

Func<int, bool>» EhECkIHtEgEFS =1i=x1c¢ 8;

input

Console.Writeline(checkIntegers(5));

0 | T

A simple example is to create a delegate that takes one integer
input and use a boolean return type. One integer input and
check if this integer input is less than 8.

And we can check integer 5. Of course, it is less than 8.

All right. Easy enough.

Something that you may have wondered is why we don't have
types when we use variables.

This is a very good question

But we can have them we can have them but we don't need
them. Why

C-Sharp knows what is a type that we are addressing.

We already defined the types in the func types.

So here we say that we are taking one integer input and we
are returning a boolean.

So it's obvious what types we are going to need. This is our
input. This is our output.

It's obvious that it's going to be integer. And this code here will
give us our return value.

We're performing a comparison and the comparison returns a
boolean.

So this is why we are not using any types when we write our
code with lambdas.

3 2\emd.ex

True

Aby kontynuwowad, nacifnij dowolny klawisz . . .
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Edycja
ﬁ} =

EntryPoint.cs = X EntryPoint.cs
07. AnonymousMethodAndlLambda

Q-

=

08% - A
Dane wyjsciowe

Pokaz dane wyjsciowe . Kompilacja

Kompilowanie

Func<int, int, bool» islessThanFive =

Kompilacja rozpoczeta: Projekt: 87. AnonymousMethodAndlLambda, Konfiguracja: Debug Any CPU

Debugowanie  Zespdt  Marzedzia Test  Analiza Okno Pomoc

Any CPU -

I
it

Debug -~ 07. AnonymousMethodAndLambe = P Rozpocznij - Ml _ by

EntryPoint.cs EntryPeoint.cs EntryPoint.cs EntryPoint.cs EntryPoint.cs

- #3 AnonymousMethodAndLambda.EntryPoint - @, Main()

Main()

output

(i, 1} =>1 <5+ j;

If we have more than one input, we have to
use brackets.
Use of the type is optional like before.

input

It's obvious what is what. So let's try it out.
Let's take two integers as an input and
return a boolean output.

Console.WriteLine(isLessThanFive(5, 7));

ChWindows\system32omd.ex
True
Aby kontynuowad, nacifénij dowolny klawis= . . . _
3
> 1
: = | 22

1> @&7. AnonymousMethodfAndlLambda -»> C:\WALDEK\praca‘programowanie c#\wyklad 5 - delegates'®5. Delegates'\87. AnonymousMethodAndLambd

Kompilacja: 1 zakonczono powodzeniem, @ zakoficzono niepowodzeniem, @ zaktualizowano, @ pominieto
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Q- BH-ald D Debug ~ Any CPU - 07. AnonymousMethodAndLambe = P Rozpocznij - Ml - Y = %= N
= EntryPoint.cs* + X EntryPoint.cs EntryPoint.cs EntryPoint.cs EntryPoint.cs EntryPoint.cs EntryPoint.cs
-D ~
2 [#07. AnonymousMethodAndLambda - *% AnonymousMethodAndLambda.EntryPoint - g Main()
= — e i TR
=]

a {
E, = static void Main()
m
a {
= Func<int, int, bool> islessThanFive = (i, j) => i < 5 + J;
e
3 Action printSomething = ()|=> Console.WritelLine("Printing™);
= ]
printSomething();
I ¥ o
} Printing
_} Aby kontynuwowadé, naciinij dowolny klawisz . . .
Same rules apply for the action delegate.
Just remember we have no return types so if you want to keep a method
that is void and has no input arguments we will simply use action with no
arguments and empty brackets for the input, and we have no angle
brackets because don’t have to define any input types.
We're simply going to perform this operation after lambda operator.
108% -~ 4 Now we can expand the expression.
Dane wyjsciowe
Pokaz dane wyjsciowe . Kompilacja = = |
1p------ Kompilacja rozpoczeta: Projekt: @7. AnonymousMethodAndlLambda, Konfiguracja: Debug &ny CPU ------

1> @&7. AnonymousMethodfAndlLambda -»> C:\WALDEK\praca‘programowanie c#\wyklad 5 - delegates'®5. Delegates'\87. AnonymousMethodAndLambd
========== Kompilacja: 1 zakofczono powodzeniem, @ zakofczono niepowodzeniem, @ zaktualizowano, @ pominigto ==========
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Q- BH-ald D Debug ~ Any CPU - 07. AnonymousMethodAndLambe = P Rozpocznij - Ml - Y = %= N
EntryPoint.cs = X EntryPoint.cs EntryPoint.cs EntryPeoint.cs EntryPoint.cs EntryPoint.cs EntryPoint.cs
[#] 07. AnonymousMethodAndLambda - *% AnonymousMethodAndLambda.EntryPoint - @, Main()

| 1
= stati oid Main()
i
Func<int, int, bool> i;LESSThEHFiVE = (i, j) =>1i <5 %+ j;
Action printSomething = () = Console.WriteLine("Printing”};
printSomething();
=i Action<int, int> sumOfTwoNumbers = (int i, int j) =>
{
Console.WritelLine("The i number is: ™ + i);
Console. WriteLine("The j number is: " + j);
Console.WritelLine{"And their sum: " + (i1 + j));
i 1 -
SWindows\systems2ywomd.e
sumOf TwoNumbers(5, 6); Printing
The i number iz: &
The j number is: b
| ¥ And their sum: 11
1 Aby kontynuwowad, nacifnij dowolny klawisz . . .
B

So far we used one line methods but we can use a bit more complex method as well.

Let's create new action method that takes two integers as inputs and it's going to make three prints:
first argument, second argument and a sum. Use of the type is optional.

Here you can write as much code as you want.

It's the body of the anonymous method that are going to create.

So let's try it out.

All right. So this is how you can write inline anonymous methods.

Of course if you need more than a few lines of code you were better off creating a whole new method.




More complex anonymous methods

All right so we are going to work on a bit more complex
anonymous method. Example we're going to do is to perform
the filtering with an anonymous method.
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Q- BH-ald D Debug ~ Any CPU - 07. AnonymousMethodAndLambe = P Rozpocznij - Ml - Y = %= N
= EntryPoint.cs* + X EntryPoint.cs EntryPoint.cs EntryPoint.cs EntryPoint.cs EntryPoint.cs EntryPoint.cs
- =
2 [#07. AnonymousMethodAndLambda - *% AnonymousMethodAndLambda.EntryPoint - @, Main
g I
" = stati id Main()
3 {
= string[] names = { "Alice™, "John", "Bobby", "Kyle™, "Scott", "Tod", "Sharon”, "Armin", "George'
=
3
=
2
3
2.

= Func<string[], Func<string, bool», List<string>> extractStrings = (arr, filter) =>
{
List<string> result = new List<string>{);

return result;

}:

So we're going to create func delegate.
We are taking a string array as a first input and a delegate
(which will be our filter) as a second. Third parameter (string

array) is an output. The second parameter that is delegate will
check a particular string and return a Boolean value.

So, we have a type input which is another func of string and
bool




Plik Edycga Widok Projekt  Kompilowanie  Debugowanie  fespdt  Marzedzia Test  Analiza Okno Pomoc

e - Mool 9 - Debug -~ Any CPU - (07. AnonymousMethodAndLambe = P Rozpocznij - | - = 0E = % [_|
T EntryPoint.cs = > EntryPoint.cs EntryPoint.cs 3] So the delegate gets input and we will return a list of strings.
=
g [ 07. AnonymousMethodAndLambda B CPRE] And here we start to create our anonymous method.
1 =RELEEREREI LT TS LEELGIIELLGEN We will also have a list of strings that will be our result.
" { All you have to do is just do the filtering.
% = public class EntryPoint So all we need is a For Each loop for the array.
. { A filter with a specific condition will be applied to each element of the array. If the
L‘gt' =l static void Main() condition is met, the element will be moved to the output array.
4 {
% string[] names = { "Alice™, "John",
= Func<string[], Func<string, bool», List<string>> extractStrings = (arr, filter) =>
{
List<string> result = new List<string>();
= for (int 1 = 8; 1 < arr.Length; i++)
{
= if (filter(arr[i])
{
result.Add{arr[i]); @
} ( (D) CAWindowssyste cmd.exi
i } John, Kuyle, Tod
L Aby kontynuowad, nacifnij dowolny klawisz . . . o
return result;
i H
Func<string, bool>» lg55ThanFive = X =» X.Length < 5;
List<string> namesLessThanFiveChars = extractStrings(names, lessThanFive);
Console.WriteLine(string.Join(", ", namesLessThanFiveChars));
i H
.
B
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[ 07. AnonymousMethodAndLambda - *2 AnonymousMethodAndLambda.EntryPoint - @, Main()
Enamespace AnonymousMethodAndlLambda
{
= public class EntryPolnt
{
= static void Main()
i
string[] names = { "Alice™, "John", "Bobby"”, "Kyle™, “Scott", "Tod", "Sharon™, “Armin", "George'’
= Func<string[], Func<string, bool», List<string>> extractStrings = (arr, filter) =>
Console.WriteLine(string.Join{", ", extractStrings(names, x => x.Length < 5)}));
Console.Writeline(string.Join(", ", extractStrings(names, x => X[1] =="0")));
Console.Writeline(string.Join(", ", extractStrings({names, x => x.CompareTo("Kyle") < @}));
@f Console.WriteLine(string.Join(", ", extractStrings({names, z => z.ToUpper().Equals("SCOTT"))}));
h
! L C\Windows\system32emaies (=)
B John, Kyle, Tod "

John, Bobby, lod

Alice,. John. Bobby,. Armin. George

Scott

Aby kontynuwowad, nacifnij dowolny klawisz . . . o

Alright, let's take advantage of this. We will create a list of strings that will be our output. We also need a filter, which
we will give as the second input parameter. Select strings whose lengths are less than 5. We save the filter as the
second parameter using the lambda expression. X is the filter input, which is a string. The filter returns a logical value,

which is our output. Fine. As you can see it works. Because our filter expression is a delegate, we can pass different
pieces of code through it. In the second example, we check whether the letter 'o' is at the specified position of the
string. In the following examples, we call methods that compare and convert strings. We can also build more advanced
filters. However, if we have to do something really complicated, it is better to create a separate method.




