Zh School of

New Features since 2.0 QW

m Automatic Properties

Object and Collection Initializers
Anonymous Types

Partial Methods

Extension Methods

Lambda Expressions

LINQ

Dynamic Typing

Optional and Named Parameters

Safe Co- and Contra-Variance for Generic Types

m await and async
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C# Evolution zh

C# 4.5 % Asynchronous Programming

C#4.0 f

Dynamic Typing
C# 3.0 f

Language Integrated Query
C# 2.0 f

Generics
C#1.0 f

Managed Code
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Automatic Properties

The following pattern is very common

private string nane,

public string Nane {
get { return nane; }
set { nane = val ue; }

}

Instead of that, one can simply write

public string Name { get; set;

compiler generates the private field and the get/set accessors

set can be declared private

<«— must be get; and set;

}

public string Nane { get; private set;

m can only be set by the declaring class

m other classes can only read it
(kind of read-only)

School of Engineering
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Object Initializers Zh schootor
aw

m For creating and initializing objects in a single expression

If you have a class (or a struct) with properties or fields like this

cl ass Student {
public string Nane;
public int 1d;
public string Field { get; set; }
public Student() {}
public Student(string nane) { Nane = nane; }

}

you can create and initialize an object as follows:

St udent s1
St udent s2

new Student ("John") {l1d = 2009001, Field = "Conputing" };
new Student {Nane = "Ann", |Id = 2009002, Field = "Mthematics" };

T— empty brackets can be omitted
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Collection Initializers Zh

aw Engineering

m For creating and initializing collections in a single expression

Values can be specified after creation

var intList = new List<int> { 1, 2, 3, 4, 5 },;

var personList = new List<Student> { ] o )
new Student ("John") {Field = "Conputing” }, <4—— collection initializers and object

,new student ANy LR eld = TRRthematiest initializers can be combined

var phoneBook = new Di ctionary<string, int>

e onn Doer. 4711 3 «— initialization of a two-dimensional
{ "Alice MIler", 3456 }, collection
{ "Lucy Sky", 7256 }

b

Compiler translates this into

List<int> intList = new List<int>(); <+ all collections support the Add method

intList.Add(1); intList.Add(2); intList.Add(3);
intList.Add(4); intList.Add(5);
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Anonymous Types Zh ohoolof,
aw

m For creating tuples of an anonymous (i.e. nameless) type

var obj = new { Nane = "John", Id = 100 }; ::> class 2?27 { _
public string Nane { get; private set; }
Y S —~ — public int 1d { get;private set; }

creates an object of a new type }
with the properties Name and Id

the type of the right-hand side value 292 obj = new 222():
type inference! obj . Nane = "John";
obj.1d = 100;

m Even simpler, if the values are composed from existing names

cl ass Student { m properties of a existing object

Eﬂg: & SEHIE ?'ag‘zt cet: ) = fields of an existing object

} m local variables

Student s = new Student();

string city = "London";

var obj = new {s.Name, s.ld, city}; anonymous type with properties Name, Id and city
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... Anonymous Types -- Detalls Zh sshontor
aw

var obj = new { Id = x, student.Nane };

m Generated properties (Id, Name) are read only!

m Generated properties can be named explicitly (Id = x) or implicitly (student.Name).
Explicit and implicit naming can be mixed (although uncommon).

® Anonymous types are compatible with Object

m Compiler generates a ToString() method for every anonymous type
Consol e. WiteLine(obj); —> { Id = 1234, Nane = "John Doe" }
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Type Inference -- var zh —
aw

var X = ...,

m var can only be used for local variable declarations (not for parameters and fields)
m variable must be initialized in the declaration
B the type of the variable is inferred from the initialization expression

Typical usage

var obj = new { Wdth = 100, Height = 50 }; ??? ob) = ...

var dict = new Dictionary<string, int>(); Dictionary<string, int> dict =
new Di ctionary<string, int>();

In principle, the following is also possible

3; int x = 3;

var x ;
“John"; string s = "John";

var S

but this is not recommended!
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Partial Methods Zh Sohoolor
aw

m For providing user-defined hooks in automatically generated code

Example

public partial class Accelerator {

public void Accel erate() {
Bef or eAccel erate() ;
do accel erate actions ...

\ AfterAccel erate(); ® must be partial methods in a partial class

. : or struct
partial void BeforeAccel erate(); = must not have private blic
partial void AfterAccelerate(); }— u P , pu yores

} ® must be void
® must not have out parameters

Compiler does not generate calls

... unless some other part of this class supplies the bodies

public partial class Accelerator {

partial void BeforeAccelerate() { ... }
partial void AfterAccelerate() { ... }

}
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Another Example

m Enabling/disabling trace output

partial class Stack {
int[] data = new int[100];
int len = 0;

public void Push(int x) {

Print("-- Push " + x + ", len =" + (len + 1));
data[l en++] = x;

}

public int Pop() {
Print("-- Pop " + data[len-1] + ", len =" + (len -
return data[--len];

}

partial void Print(string s);

}

m Now we compile also the second part of Stack

partial class Stack {

partial void Print(string s) {
Consol e. Wi teLine(s);

}
}

School of Engineering © K. Rege, ZHAW
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Stack s = new Stack();
s. Push(3);
int x = s.Pop();

no trace output so far

1));
Output
-- Push 3, len =1
-- Pop 3, len =0
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Extension Methods Zh sehoolof
aw

m Allow programmers to add functionality to an existing class

Existing class Fraction Extension methods for class Fraction

class Fraction { class FractionUtils {
pﬂg: :g IF?fathi’oz, publ i c Fraction Inverse Fracti on f) {
P e f.2):

(int z,int n) {...} } retu ew Fraction(f.n,
} public static void Add (this Fraction f, int x) {
f.z += x * f.n;
}
Assume that we want to extend it }
with an Inverse and an Add method
Usagg _ m must be declared in a static class
Fraction f = new Fraction(1l, 2); m must be static methods
I/=ff-_' Evefts_e() Ut o 0 m first parameter must be declared with this
= Fractionttils. Inverse(t); and must denote the class, to which the
f.Add(2); method should be added

/'l FractionUils.Add(f, 2);

m Can be called like instance methods of Fraction
m However, can only access public members of Fraction
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Predeclared Extension Methods zh...

System.Ling.Enumerable has predeclared extension methods for IEnumerable<T>

namespace System Linqg {
del egate TRes Func<Tl, TRes>(T1 a);
public static class Enunerable {

public static |Enunmerabl e<T> Where<T> (this | Enunmerabl e<T> source, Func<T, bool> f) {

... returns all values x fromsource, for which f(x) == true ...
}
}
}
Usage makes Where visible
: o Enuner abl e. Where(list, i =1 > 0)
usi ng System Li nq;

List<int>1list = ... list of integer vatues ...;
| Enunmerabl e<int> result = list.Were(i =>1 > 0);

foreach(int i in list.Were(i =>1i > 0) {Console. WiteLine(“"+i));}
Compiler does type inference Can be applied to all collections and arrays!
list is declared as List<int> string[] a = {"Bob", "Ann", "Sue", "Bart"};
==> T =int | Enuner abl e<string> result =
==> iis of type int a.\Were(s => s. StartsWth("B"));
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A Calculus Zh schoolof
aw

m Functions are fundamental in computer science and mathematics

® in mathematics

values in the domain
are transformed to values in the
range

fx->y

® in computer science domain range
input is transformed to some output

m Examples
| (X) =x ->X
Sqar(x) = x -> x?

m If you don't bother to name the function you simply call them A
AX.X2

m A calculus is important part of the theoretical computer science (Church 1940)
e.g. higher order functions = functions as arguments (e.g. differentiation)
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Functional Programming Zh

aw Engineering

Imperative programming (also object oriented) is based on states (of the
programs and objects) and mutable data (value of variables)

Functional programming is a programming paradigm that treats computation as

the evaluation of mathematical functions
"pure" functional programming has no states and no mutable data

History

Early functional programming languages (1960)
LISP, APL, ML

Revival
mixed languages, functional extensions to non-functional languages
Scala, clojure, C# 3.0

Purely functional programs have no shared state thus simplify concurrent
programming
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C# Lambda Expressions Zh Sohoolot
aw

= Short form for delegate values

delegate int Function(int x); int Square(int x) { return x * x; }
int Inc(int x) { return x + 1; }

C# 1.0
Function f;
f = new Functi on(Square); oo f(3) ... 119
f = new Function(lnc); A ) I b
C#2.0
f = delegate (int x) { return x * x; } A ) I Il 9
f = delegate (int x) { return x + 1; } .. F(3) ... Il 4
C# 3.0
f = x =>x * x; oo f(3) ... 19
f = x = x + 1; U <) I b |
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Example for Lambda Expressions zh...

aw Engineerin g

Applying a function to a sequence of integers

del egate int Function (int x);

int[] Apply (Function f, int[] data) {
int[] result = new int[data.Length];

for (int i =0; I < data.Length; i++) {
result[i] = f(datali]);
}
return result;
}
int[] values = Apply (I =1 * 1 , newint[] {1, 2, 3, 4});

=1, 4, 9, 16

School of Engineering © K. Rege, ZHAW 22 von 74



Lambda Expressions -- Detalls Zh schonlor
aw

General form Paraneters "=>" (Expr | Bl ock)

Lambdas can have 0O, 1 or more parameters

() = ... /1l no paraneters
X = .. /1 1 paraneter

(x, vy) = ... /'l 2 paraneters
(x, vy, z) => ... /1 3 paraneters

Parameters can have types as well as r ef / out modifiers

(int x) => ... /'l must be in brackets although
(string s, int x) => ... just 1 paraneter

(ref int x) = ...

(int x, out int y) => ...

Parameter types are usually not specified;
They are inferred from the declaration of the delegate to which they are assigned

del egate bool, Func(int X, int y);
Func f = (XT?DX<:Y;
ke »

must be int  must be bool
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... Lambda Expressions -- Details zh.. .

aw Engineering

Paraneters "=>" (Expr | Bl ock)

Right-hand side is usually a result expression

X => X * X /] returns x * X
(x, y) => x+y /] returns x +y

Right-hand side can be a block returning a result

n =>{int sum= O;
for (int i =1, I <=n; i++) sum+= i;
return sum

}

Right-hand side does not return a result if the corresponding delegate is a
void method
del egate void Proc(int Xx);

Proc p = x =>{ Console.WiteLine(x); };

Right-hand side can access outer local variables (-> closures)

I nt sum = O;
Proc p = x =>{ sum+= x; };
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... Lambda Expressions -- Generic Delegate Zh

Engineering

m Delegate Type

del egate int Func ();
del egat e doubl e Func (double p);

m Generic Delegate Type
are also supported since C# 2.0

public del egate void Del <T>(T item;
public static void Notify(int i) { }

Del <int> nml = new Del <i nt>(Notify);
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... Lambda Expressions -- Examples Zh

aw Engineering

Namespace System.Linq defines several generic delegate types

del egate TRes Func<TRes> ();

del egate TRes Func<Tl, TRes> (T1 a);

del egate TRes Func<Tl, T2, TRes> (Tl a, T2 b);

del egate TRes Func<T1l, T2, T3, TRes> (Tl a, T2 b, T3 c¢);

del egate TRes Func<Tl1l, T2, T3, T4, TRes> (Tl a, T2 b, T3 c, T4 d);

del egate void Action ();

del egate void Action<Tl> (Tl a);

del egate void Action<Tl, T2> (Tl a, T2 b);

del egate void Action<Tl, T2, T3> (Tl a, T2 b, T3 c);

del egate void Action<Tl, T2, T3, T4> (T1 a, T2 b, T3 ¢, T4 d);

Examples Call Result
Func<int, int> fl =x => 2 * x + 1; f1(3); 7

Func<int, int, bool> f2 = (x, y) => x > vy; f2(5, 3); true
Func<string, int, string> f3 = (s, 1) => s.Substring(i); f3("Hello", 2);"Ilo"
Func<int[]> f4 = () == newint[] { 1, 2, 3, 4, 5 }; f4(); {1, 2, 3, 4,5}
Action al = () => { Console.WiteLine("Hello"); }: al(); Hel | o
Action<int, int> a2 = (x, y) =>{ Console.WiteLine(x +vy); }; a2(1, 2); 3
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LINQ - Language Integrated Query Zh
aw Engineerin g

SQL-like queries in C#

m LINQ to Objects Queries on arrays and collections (IEnumerable<T>)
m LINQ to SQL Queries on databases (generating SQL)
m LINQ to XML Queries that generate XML

Everything is fully type checked!

Namespaces: System.Ling, System.Xml.Ling, System.Data.Ling

Conceptual novelties of LINQ

®m Brings programming and databases closer together

B Integrates functional programming concepts into C# (lambda
expressions)

m Promotes declarative programming style (anonymous types, object
initializers)
m Introduces type inference
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LINQ Queries to Objects (Example) zh...
aw Engineering

SQL-like queries on arbitrary collections (I Enurrer abl e<T>)

Sample collection

string[] cities = {"London", "New York", "Paris", "Berlin", "Berikon"};
Query
| Enuner abl e<string> result = | Enuner abl e<string> result =
fromc in cities fromc in cities
sel ect c; where c. StartsWth("B")
orderby c
sel ect c. ToUpper();
Result pper()

foreach (string s in result) Console. WiteLine(s);

London Beri kon
New Yor k Berlin
Pari s

Berlin

Beri kon

LINQ queries are translated into lambda expressions and extension methods
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Translation of Query Expressions zh.. .

aw Engineering

Example: Assume that we have the following declarations

cl ass Student ({ Li st <St udent > students = ...;
public int Id { get; set; }
public string Nanme { get; set; }
public string Subject { get; set; }

}
Translation lambda expressions
var result = var result =
froms in students students
wher e s. Subj ect == " Conputi ng" |::> .Where( s => s. Subject == "Conputing")
order by s. Nane .OderBy( s => s. Nane )
sel ect new {s.ld, s.Nane}; .Select( s => new {s.ld, s.Nane} );

I N

extension methods of anonymous
|IEnumerable<T> type

foreach (var s in result)
Console. WiteLine(s.ld + " " + s.Nane);
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A Closer Look at the Query Syntax zh —
aw

range variable data source (supporting IEnumerable<T>)
var result =from@in )
where s. Subj ect == "Conputi ng"
> clauses

order by s. Nane

sel ect cnew { s.Id, s.Nane )

“projection

Note: The result is not a sequence of values but a "cursor" that is advanced when necessary
(e.g. in a foreach loop or in other queries)

result is IEnumerable<T'> where T' is the type of the projection

7 kinds of query clauses

from defines a range variable and a data source

where  filters elements of the data source

orderby sorts elements of the data source

select  projects range variable(s) to elements of the result sequence

group groups data source elements (converts sequence of elements into
sequence of groups)

join joins elements of multiple data sources

let defines auxiliary variables
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LINK Query Syntax Zh Bolool ot
aw

Quer yExpr =
“front [Type] variable "in" SrcExpr

Quer yBody.
Quer yBody =

{ "from' [Type] variable "in" SrcExpr
"where" Bool Expr

|

| "orderby" Expr ["descending"”] { "," Expr ["descending"] }

| "join" [Type] variable "in" SrcExpr "on" Expr "equal s" Expr ["into" vari abl e]

| "let" variable "=" Expr

}

( "select" ProjectionExpr ["into" variable QueryBody]

| "group” ProjectionExpr "by" Expr ["into" variable QueryBody]

).
SrcExpr a data source implementing IEnumerable<T> _

- expressions on
BoolExpr a C# expression of type bool :
P P _ P the range variable(s)

Expr a C# expression

ProjectionExpr a C# expression defining the result elements

Note: Query has to start with a from
Query has to end with a select or group
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Range Variables Zh febonict.
aw

m Introduced in from and join clauses (also in into phrases)

froms in students
join min marks on s.ld equals mild
group s by s.Subject into g

m [terate over elements of the data source

m If the data source is of type IEnumerable<T> the range variable is of type T
(the type can also be explicitly specified)

students is of type List<Student>
S is of type Student

B Range variables are read only!
m Scoping:

their names must be distinct from the names of outer local variables
their scope ends at the end of the query expression or at the next into phrase
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Grouping azﬁ Boolot

m Transforms input elements into key/value pairs
m Collects values with the same key into a group

var result =
froms in students

gr oup by

value key
result
List<Student> key/value pairs IEnumerable<IGrouping>
Name="John", |d=2009001, Subj ect="Computi ng" (" Computi ng", "John") "Computing": ("John", "Sue")
Name="Ann", |d=2009002, Subj ect="Mat hemati cs" (" Mat hematics", "Ann") "Mat hematics": ("Ann", "Bob")
Name="Sue", |d=2009003, Subject="Conputi ng" ::> (" Computi ng", "Sue") |::> C
Name="Bob", |d=2009004, Subj ect="Mathemati cs" (" Mat hemati cs", "Bob")
IGrouping<TKey, TElement>
m property Key
m group is of type IEnumerable<TElement>
Conputi ng
foreach (var group in result) { Jsoh“
. . ue
Consol e. Wit eLi ne(group. Key) ; Vit hemat i cs
foreach (var nane in group) Console.WiteLine(" " + nane),; Ann
} Bob
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Grouping into another Range Variable a2£ schoolof

m Necessary when you want to process the groups further

var result =
froms in students
group s by s.Subject into g S is not visible here any more

select new{ Field = g.Key, N = g.Count() }; } but g is visible

foreach (var x in result) { Conputing occurs 2
Consol e. WiteLine(x.Field + " occurs " + times
N+ " t] ny . Mat hemati cs occurs 2
X. I mes"); times
} .
foreach (var x in result) Console.WiteLine(x); { Field = Conputing, N = 2}
{ Field = Mathematics, N = 2 }
+ P
calls x.ToString() of anonymous type

group s ... converts a sequence of students into a sequence of
into g groups
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Joins Zh ehoolot
aw

m Combines records from multiple data sources if their keys match

cl ass Student { cl ass Marking {
public int Id { get; set; } public int Studld { get; set; }
public string Nanme { get; set; } public string Course { get; set; }
public string Subject { get; set; } public int Mark { get; set; }
} }
var students = new List<Student> {...}; var nmarks = new List<Marking> {...};
Id Nane Subj ect Studld Cour se Mar k
2008001 "John Doe" "Comput i ng" 2008001 " Progranmi ng" 3
2008002 "Linda MIler] "Chemstry" 2008001 " Dat abases" 2
2009001 "Ann Foster" "Mat hemati cs” 2008001 "Conput er Graphics” 1
2009002 " Sam Dough" "Comput i ng" 2008002 "Organi c Chemistry" 1

m Join (explicit) must be "equals”

var result = and not "==" John Doe, Progranmming, 3
: John Doe, Databases, 2
Tr.om S I n students ‘ John Doe, Conputer Graphics, 1
join min marks on s.ld equals m Studld Linda MIler, Organic Chemistry, 1
select s.Nane + ", " + mCourse + ", " + m Mark;
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Joins (implicit)

m Alternative way to specify the Join

var result =

froms in students
frommin narks

where s.ld == m Studl d

select s.Nane + ", " + m Course +

B Result is the same but the query is less efficient

+ m Mark;

Zh School of
aw Engineering

John Doe, Progranmm ng, 3

John Doe, Databases, 2

John Doe, Conputer Graphics, 1
Linda MIler, Oganic Chenmstry, 1

® builds the cross product (combines every student with every mark)

m filters out those results that match the where clause

School of Engineering © K. Rege, ZHAW
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Group Joins Zh foolet
aw

m Makes matching records from the second data source a subgroup

Nane Mar ks
var result = ) 700800 .
. John Doe 1, Progranmi ng,
fr_om s in st udent s _ _ 2008001, Databases, 2
join min marks on s.ld equals mStudld into |ist 2008001, Computer Graphics, 1
— — i . Linda MI1er| 2008002, Oganic Chem stry, 1
sel ect new { Nane Nanme, Marks list }; 5008002 Nathematics. 2

does not become invisible by into

m Processing the result

; John Doe
f oreach (var_ group in result) { Pr ogr ammi ng, 3
Consol e. Wit eLi ne(group. Nane) ; Dat abases, 2
foreach (var min group) { L r?é’:pl\lj‘tﬁfereaph' cs, 1
a a " n " n I
Consol e. Wit eLi ne( + m Course + ", + m Mark) ; Organic Chenmistry, 1
} Mat hematics, 2

}
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let Clauses

Zh School of
aw Engineering

m Introduce auxiliary variables that can be used like range variables

var result = | d Name Subj ect
froms in students _ 2008001| "John Doe" " Comput i ng"
wher e s. Subj ect == " Conputi ng" 2008002| "Linda MIller" | "Chenistry"
l et year = s.1d / 1000 2009001| "Ann Foster" " Mat hemat i cs"
where year == 2009 2009002 | "Sam Dough” " Conput i ng"

sel ect s. Nane;

foreach (string s in Result
result) {

Consol e. Wi teLine(s); Sam Dough
}

School of Engineering © K. Rege, ZHAW
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Further Extension Methods zh...

aw Engineering

m In class System.Ling.Enumerable

Can be applied to all IEnumerable<T>: query results, collections, arrays, ...

Assume: e is of type IEnumerable<T>

D

CAny(i => i < 0)

e. Al (i ==1i > 0)
e. Take( 3)

e. Ski p(2)

e. TakeWil e(i => i
e. Ski pwWhile(i => i
e. D stinct()

e. Concat (e2)
e. Reverse()

e. ToLi st ()
e. ToOArray()
e. O Type<string>()

School of Engineering

< 1000)
< 100)

true, if any element of e is <0
true, iIf all elements of e are >0

takes the first 3 elements of e
drops the first 2 elements of e
takes elements from e as long as predicate is true
drops elements from e as long as predicate is true

yields e without duplicates
appends e2to e
yields e in reverse order

converts an IEnumerable<T> into a List<T>
converts an IEnumerable<T> into a T[]
yields all elements of e that are of type string
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LINQ to XML
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XElement and XAttribute Zh Shoolal
aw

Creating simple elements (Namespace System.Xml.LinQ)

XEl ement e = new XEl enent ("nanme", "John");

Consol e. Wi teLine(e); <name>John</ nane>

Creating nested elements

XEl enent e = new XEl enent ("student", <st udent >

new XEl enent (" nanme", "John"), <nanme>John</ nane>

new XEl enent ("subj ect”, "Conputing")); <subj ect >Conput i ng</ subj ect >
Consol e. Wi teLine(e); </ st udent >

Creating elements with attributes

XEl enent e = new XEl enent ("student"”, <student id=2009001>
new XAttribute("id", 2009001), <nanme>John</ nane>
new XEl enent ("nane", "John"), <subj ect >Conput i ng</ subj ect >
new XEl ement (" subj ect", "Conputing")); </ student >

Consol e. Wi teLine(e);

Reading an XML file

XEl enent e = XEl enent. Load(new Xm Text Reader ("i nput.xm "));
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Generating XML with LINQ

usi ng System Ling; Output
usi ng System Xml . Li nq;
<st udent s>

<student id="2008001">
<name>John Doe</ nane>

</ st udent >

<student id="2009002">
<nane>Sam Dough</ nanme>

</ st udent >

XEl ement xm Data =
new XEl enent (" student s"
roms I n students
where s. Subj ect == "Conputi ng"
sel ect new XEl enment ("student ™,
new XAttribute("id", s.ld),
new XEl enent ("nanme", s. Nane)

)
) \
Consol e. Wi teLine(xnl Data); *

</ st udent s>

IEnumerable<XElement>
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Processing XML with LINQ

usi ng System Linq;
usi ng System Xnl . Li nq;

XEl enent xm Data = ...;

| Enurrer abl e<St udent > result =
frome in xm Data. El ements("student™)
sel ect new Student {
Name = e. El enent (" nane") . Val ue,

Zh School of
aw Engineering

xmilData

<st udent s>
<student id="2008001">
<nane>John Doe</ name>
</ st udent >
<student id="2009002">
<nane>Sam Dough</ nane>
</ st udent >

</ st udent s>

Id = Convert.Tolnt32(e. Attribute("id"). Val ue),

Subj ect = "Conputing"
1

xmlData.Elements("student") returns all subelements of xmIData
that have the tag name "student"
as an IEnumerable<XElement>

e.Element("name")

returns the first subelement of e

that has the tag "name"
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LINQ to DataSets
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LINQ Queries to DataSets Zh scheolor
aw

B New Versions .NET 4.0 of DataSets support LINQ
m e.g. SQL type of queries also for DataSet
Dat aSet ds = new Dat aSet () ;
FillOders(ds); // this nethod fills the DataSet from a dat abase
Dat aTabl e orders = ds. Tabl es[ " Sal esOr der Header "] ;
var query = fromo in orders. ToQueryabl e()
wher e o. Fi el d<bool >("Onl i neOrder Fl ag”) == true
sel ect new { SalesOrderID = o.Field<int>("Sal esOrderlD"),

OrderDate = o. Fi el d<DateTi me>("OrderDate") };

foreach(var order in query) {
Console. WiteLine("{0}\t{1l:d}", order.SalesOrderl D, order. O derDate);

}

http://msdn.microsoft.com/en-us/library/aa697427%28VS.80%29.aspx
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released end of 2009 Zh School of

New Features in C# 4.0 55010 QW

m Dynamic Typing
m Optional and Named Parameters
m Safe Co- and Contra-Variance for Generic Types
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Dynamic Typing

School of Engineering © K. Rege, ZHAW 49 von 74



Type dynamic zh Bl
aw

dynani ¢ d; d can hold a value of any type
Can be considered to be a base type of Object anything can be implicit
assignedtod conversion back
: nothing is known
dynam €= 5ot this type d =5 1 L = G
d ="'"x"; char ¢ = d;
) . d = true; bool b = d;
Qoj ect ---- has methOdS like d = "Hello"; string s = d;
ToString, GetType, ... d = new Person(); Person p = d;
| | | .
String Person
possibly with run-time
For objects whose type is statically unknown boxing check
m objects of dynamic languages (Python, Ruby, ...)
m COM objects simplifies interoperation
m HTML DOM objects with dynamic languages
m objects retrieved via reflection
Differencetovar v = .. .; Difference to Obj ect 0;
Compiler knows the type of v Object is a normal class
but not the type of d which is known to the compiler
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Operations on dynamic Variables Zh

aw Engineering

m Have to be checked at run time (defers type checking from compile to run time)

dynam ¢ d; m Checks to be performed at run time
d. Foo(3); method call m does the run-time type of d have a method Foo?
m does this method have an int parameter?
d.f = field access m does the run-time type of d have a field f?
m does the type of f match the assigned expression?
d.P =dP + 1; property access m does the run-time type of d have a property P?

m does the type of P match its use?

d[5] = d[3]; indexer access m does the run-time type of d have an indexer?
m does the type of this indexer match its use?
d=d+ 1 operator access  m does the run-time type of d support the operator +?
m does the result type of this operator match its use?
d(1, 2); delegate call m is the run-time type of d a delegate?

m does this delegate have two int parameters?
m The result of any dynamic operation is again dynamic
m A dynamic operation is about 5-10 times slower than a statically checked operation!
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Run-time Lookup azg Sehoniat

m How is d.Foo(3) invoked at run time?

Type t = d. Get Type()

if (t is a .NET type) {
/l--- use reflection to call this nethod
Met hodl nfo m = t. Get Met hod(" Foo", new Type[] {typeof(int)});
if (m==null) throw new Exception(...);
m | nvoke(d, new Object[] {3});

For plain .NET objects

}

else if (t is a COMtype) {

/l--- use COMs |Dispatch nechanismto call the nethod For COM objects
pass (d, t, "Foo", 3) to COM and do the IDispatch ... (e_g_ Excel. Word )
throw an exception if the call is not possible ... ' '
}
else if (t inplenents |Dynanm cCbject) ({ . :
/l--- let |IDynam cQbject do the call (for dynamc For ObJeCtS of dynamlc
| anguages) languages
pass (d, t, "Foo", 3) to |IDynam cQbject
throw an exception if the call is not possible ...

}
Interfacing to other object models is usually done by implementing IDynamicObject
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dynamic Overload Resolution zh...

aw Engineering

void Foo(string s) {...}
void Foo(int i) {...}

dynam c val = "abc";

Foo(val ); will invoke Foo(string)
dynam ¢ val = 3;

Foo(val); will invoke Foo(int)

Overload resolution is done at run time if one of the parameters is dynamic

http://www.developerfusion.com/article/9789/c-40-goes-dynamic-a-step-too-far/
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Optional and Named Parameters
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Optional Parameters Zh schoaiar
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m Declared with default values in the parameter list

required optional
—
void Sort<T>(T[] array, int from= 0, int to = , bool ascending = true,
bool ignoreCase = fal se) {
if (to ==-1) to = array.Length - 1; .
L would like to use array.Length - 1
} but Length is not a compile-time constant

m Optional parameters must be declared after the required parameters
m Default values must be evaluable at compile time (constant expressions)

Usage
int[] a ={3, 5 2, 6, 8, 4};
Sort(a, O, a.Length - 1, true, false); parameters listed explicitly
Sort(a); : :
from == 0, to == -1, ascending == true, ignoreCase = false
Sort(a, 0O, -1);

ascending == true, ignoreCase = false

Sort(a, O, -1, true);
ignoreCase = false

Optional parameters cannot be omitted from the middle
Sert{a,——true);
School of Engineering © K. Rege, ZHAW 55von 74



Engineering

Optional Parameters and Named Parameters aZ&

Parameters can be identified by name instead of by position

void Foo (int a, int b, int ¢, int d) {...}

can be called as

Foo(1, 2, 3, 4);
Foo(1l, 2, c:3, d:4);
Foo(1l, d:4, c:3, b:2);
L~ identified by name
identified by position
- positional parameters must preceed named parameters
- named parameters can occur in any order

Useful for long lists of optional parameters

void Sort<T>(T[] array, from= 0, to = -1, ascending = true, ignoreCase = false) { ...}

Sort(a, ascending: true);
Sort(a, ignoreCase: true, from 3);
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Optional Parameters and Overriding a2£ schootor

m Overridden methods can have parameters with different default values

class A {
public virtual void M(int x =1, int y = 2) { Console.WiteLine(x + ", " +vy); }
}

class B: A {
public override void M(int x, int ' y = 3) { Console.WiteLine(x +", " +vy); }
}

no optional parameter any more

m Call
A a = new B(); B b =newB();
a.M); => a. M1, 2); b. M 5) ; => b. M5, 3):
calls B.M but output is calls B.M, output is
1, 2 5, 3

optional Parameters are passed by the caller 5 must be specified because x is not
according to the static type of a optional
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Safe Co- and Contra-Variance for Generic Types
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Covariance Zh
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m Co-variance: the types are leveled up according the inheritance hierarchy, e.g.
In overwritten methods

G ass A {
void foo(A a) {.}

T

Cass B: A {
void foo(B b) {.}

}

}
m Can be achieved for interfaces with generics

Interface A<E> {
void foo(E e) {.}

}

% e.g. Comparable,
Cass B: A<B> { compareTo
void foo(B e) {.}
}
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Situation up to C# 3.0 Zh Sohoolof
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List<T1>is incompatible with List<T2>

Why?

Li st<String> stringList = new List<String> { "John", "Ann", "Bob" };
Li st<Qbj ect> objList = stringList; // not allowed -- but assune it were

objList[0] = 100; // ok for the conpiler
String s = stringList[O]; // would retrieve an int as a string \

Problem

objList[i] can be assigned a value (of any type)
=> stringList is not necessarily a list of strings any more

Solution

objList = stringList; can be allowed if objList is never modified
l.e., if values are only retrieved from objList but never added or modified
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Safe Co-Variant Generic Types Zh sshontor
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m If a type parameter is only used in "output positions" it can be marked with out

I nterface Sequence<out T>

{
int Lengh { get; }
T this[int i] { get; }
} X T is used in output position: only get but not set

This allows

Sequence<String> strings = ...;
Sequence<Obj ect > obj ect s; objects]i] will yield Objects which happen to be Strings

objects = strings: => safe, because a objects cannot be modified

Co-variance

bj ect Sequence<Chj ect >
ﬁl Z% if String is assignable to Object
String Sequence<String> then Sequence<String> is assignable to Sequence<Object>
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Safe Contra-Variant Generic Types Zh sehoolat
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m If a type parameter is only used in "input positions" it can be marked with in

interface | Conparer<in T> {
int Conmpare(T x, Ty);

} L 4 T is used in input position: only set but not get
This allows
| Conpar er <Cbj ect > obj Conparer = ...; ; L ;
| Conpar er <Stri ng> st ri ngConpar er; John Sue
stri ngConparer = obj Conparer; _ ﬂ ﬂ
will call

int x = stringCo . Co "John", "Sue"); . : :
't x = stringConparer. Compare(”John ue’) objComparer.Compare(Object x, Object y)

=> safe because Strings are Objects

Contra-variance

Obj ect | Conparer<String>
if String is assignable to Object
% Z% then IComparable<Object>
String | Conpar er <Obj ect > is assignable to IComparable<String>
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Restrictions Zh Sohoolof
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m Co/Contra-variance can only be used for interfaces and delegate types
Not for classes, because classes can have fields that can be read and written

m interface l<out T>{ ... }
- T can only be used as a return type (not as an out or ref parameter)

- Types that replace T must be reference types (not value types)
Sequence<int> cannot be assigned to Sequence<Object>

m interface I<in T>{ ... }

- Types that replace T must be reference types (not value types)
IComparer<int> cannot be assigned to IComparer<short>
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Safe Co/Contra-Variance for Delegates a2£ schoolof

del egate TResult Func<in TArg, out TResult> (TArg val);

String HashCodeAsStri ng(Object obj) {
return obj.Get HashCode(). ToStri ng();

}

Func<Object, String> f1 = HashCodeAsStri ng;
String s = f1(new Person());

The following works as well

Func<String, Object> f2 = HashCodeAsStri ng;
bject o = f2("Hello");

m "Hello" is passed to obj 4
TArg is contra-variant: Func<String, ...> < Func<Object, ...>

m The hash code as a String is returned as an Object 4
TResult is co-variant: Func<..., Object> < Func<..., String>
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Co-variant Arrays vs. Co-variant Generics Zh
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Object arrays Generics
Qoj ect[] objArr; interface Sequence<T> { ... }
String[] strArr = ... ; Sequence<bj ect > obj ect s

Sequence<String> strings = ...
obj Arr = strArr

obj ects = strings;
objArr[i] = val

run-time check whether the run-time type
of val is assignable to the run-time type
of the elements of objArr interface Sequence<out T> { ... }

Sequence<Obj ect > obj ect s;
Sequence<String> strings = ...

But

obj ects = strings;

no run-time checks necessary
because objects cannot be modified
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Another Summarizing Example Zh
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Per son interface | Enunmerabl e<out T> { // in
Syst em Col | ecti ons. Generic
| Enuner at or <T> Get Enuner at or () ;

nane

4l }

interface |IPrintable<in T> {

St udent void Print(T val):
i d }
% cl ass PersonPrinter: |Printabl e<Person> {...} Il
MseSt udent prints nane
advi sor class StudentPrinter: |Printable<Student> {...} [/

prints nanme, id

voi d Process (I Enunerabl e<Student > students, |Printabl e<Student> printer) { ... }
can be : prints the names
called with | Enuner abl e<MseSt udent > | Pri nt abl e<Per son> of all MSE students
co-variance contra-variance

safe because IEnumerable has <out T> IPrintable has <in T>
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async & await zh sepeole
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m To simplify the writing of asynchronous methods

async Task<i nt> fooAsync(){
/'l e.g. call other async nethods
return 42;

async Task bar ()
Task fooTask = fooAsync();
Dol ndependent Wor k() ;
int i = await fooTask ;
DoDependent Wor k(i) ;

}

m async: the method signature of an asynchronous includes an async modifier.
The name of an async method, by convention, ends with an "Async" suffix.

m Task: The return Type is Task<T> or Task (if void method)

m awalit: wait until async called method returns
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Applications Zh B
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Application area Suppeorting APls that contain async methods
Wel access HtpClient , SyndicationClient
Warking with files StorageFile, Streamyriter, StreamBeader, XmiReader
Wforking with images MediaCapture, BitmapEncoder, BitmapDecoder
WICF programming swnchronous and Asynchronous Operations
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async & await example zh.. .
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async modifier

return type is Task or Task<T> The method name ends in

"Async."

async Task<i nt> AccessTheWebAsync() call an async method internally
{

HtpCient client = new HtpCient();

Task<string> get StrTask=client. GetStringAsync("http://msdn. m crosoft.com');

i t work while waiti
Dol ndependent Wor k() : do some independent work while waiting
string url Contents = await get StrTask;
wait until httpClient returns

return url Contents. Lengt h; content

}

Task<int> because the return
statement returns an integer.
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async & await explained

il

Qj_ StartButton_Click event handler
L

async Task<int» AccessTheWebAsyncid

i
Httpllient client = new Httpllient():

.".Ij

[ask<string> getstringTask = client.GetitringAsync(“http.//msdn. microsoft.com™);
F
@

DolndependentWork().

T
-

string wrlContents ;f aw'ait getStringlask;

return urlContents.Length:

} Cs
v

vold DolndependentWorke)
{

resultsTextBox.Text += “Working . . . . . . .AFAwe";

} L5

= Task<string> HitpClient.GetStringAsyncistring url) —{E}—

=)

+— Mormal processing
l‘— Yielding control to caller at an await
d— Resuming a suspended process
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... async & await explained zh.. .

aw Engineering

1. An event handler calls and awaits the AccessTheWebAsync async method.

2. AccessTheWebAsync creates an HttpClient instance and calls the GetStringAsync
asynchronous method to download the contents of a website as a string.

3. Something happens in GetStringAsync that suspends its progress. Perhaps it must wait for
a website to download or some other blocking activity. To avoid blocking resources,
GetStringAsync yields control to its caller, AccessTheWebAsync.

4 GetStringAsync returns a Task<TResult> where TResult is a string, and
AccessTheWebAsync assigns the task to the getStringTask variable. The task represents
the ongoing process for the call to GetStringAsync, with a commitment to produce an
actual string value when the work is complete.

5. Because getStringTask hasn't been awaited yet, AccessTheWebAsync can continue with
other work that doesn't depend on the final result from GetStringAsync. That work is
represented by a call to the synchronous method DolndependentWork.

6. DolndependentWork is a synchronous method that does its work and returns to its caller.

7. GetStringAsync completes and produces a string result. The string result isn't returned by
the call to GetStringAsync in the way that you might expect.
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Conclusion .NET Technology azv'\} —

m .NET programming languages allow for various programming styles

Language Syntax: C#, VB.NET, ...

Object Oriented Programming: Classes, Structs

Aspect Oriented Programming: Attributes, partial methods
Functional Programming: Delegates, Lambda Expressions
Static and Dynamic Typing: var, dynamic

m The .NET Class Library is huge

m The Visual Studio development environment is powerful but fills up to 3+ GB
and is increasingly complex to handle

B Microsoft extends and changes the language, library and tools rapidly

may become frustrating

e.g. H.M. wont write another .NET Technology book because he simply has not the time to catch up
with MS frequency of changes

Development with .NET Technology is fun but challenging
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Selbstvertrauen!
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