UNIT 1

1. Introduction

C# (pronounced "C sharp") is a simple, modern, object-oriented, and type-safe programming language. It will immediately be familiar to C and C++ programmers. C# combines the high productivity of Rapid Application Development (RAD) languages and the raw power of C++.

Visual C# .NET is Microsoft's C# development tool. It includes an interactive development environment, visual designers for building Windows and Web applications, a compiler, and a debugger. Visual C# .NET is part of a suite of products, called Visual Studio .NET, that also includes Visual Basic .NET, Visual C++ .NET, and the JScript scripting language. All of these languages provide access to the Microsoft .NET Framework, which includes a common execution engine and a rich class library. The .NET Framework defines a "Common Language Specification" (CLS), a sort of lingua franca that ensures seamless interoperability between CLS-compliant languages and class libraries. For C# developers, this means that even though C# is a new language, it has complete access to the same rich class libraries that are used by seasoned tools such as Visual Basic .NET and Visual C++ .NET. C# itself does not include a class library.

Understanding .NET: A Tutorial and Analysis offers developers and technical managers a concise guide to the new landscape of Windows development. Margin notes, detailed diagrams, and lucid writing make this book easy to navigate and to read, while analysis sections explore controversial issues and address common concerns. The book's independent perspective and straightforward descriptions make clear both how the .NET technologies work and how they can be used.
Strings

C# string literals are double quote delimited (char literals are single quote delimited). Strings are reference types so it is easy for two or more string variables to refer to the same string object. The keyword string is an alias for the System.String class in exactly the same way that int is an alias for the System.Int32 struct. 
namespace System
{
    public sealed class String : ...
    {   ...
        public static bool operator==(String lhs, String rhs) { ... }
        public static bool operator!=(String lhs, String rhs) { ... }
        ...
        public int Length { get { ... } }
        public char this[int index] { get { ... } }
        ...
        public CharEnumerator GetEumerator() { ... }
        ...
    }
}
The string class supports a readonly indexer (it contains a get accessor but no set accessor). The C# string type is an immutable type (just like in Java). The string equality and inequality operators are overloaded but the relational operators (< <= > >=) are not. The StringBuilder class is the mutable companion to string and lives in the System.Text namespace. You can iterate through a string expression using a foreach statement. 

Arrays

C# arrays are reference types. The size of the array is not part of the array type. You can declare rectangular arrays of any rank (Java supports only one dimensional rectangular arrays). 
    int[]  row;
    int[,] grid;
Array instances are created using the new keyword. Array elements are default initialised to zero (enums and numeric types), false (bool), or null (reference types). 

    row  = new int[42];
    grid = new int[9,6];
Array instances can be initialised. A useful initialisation shorthand does not work for assignment. 

    int[] row = new int[4]{ 1, 2, 3, 4 }; // longhand
    int[] row =           { 1, 2, 3, 4 }; // shorthand
          row = new int[4]{ 1, 2, 3, 4 }; // okay
          row =           { 1, 2, 3, 4 }; // compile-time error
Array indexes start at zero and all array accesses are bounds checked (IndexOutOfRangeException). All arrays implicitly inherit from the System.Array class. This class brings array types into the CTS and provides some handy properties and methods: 

namespace System
{
    public abstract class Array : ...
    {   ...
        public int Length { get { ... } }
        public int Rank { get { ... } }
        public int GetLength(int rank) { ... }
        public virutal IEnumerator GetEnumerator() { ... }
        ...
    }
}
The element type of an array can itself be an array creating a so called "ragged" array. Ragged arrays are not CLS compliant. You can use a foreach statement to iterate through a ragged array or through a rectangular array of any rank: 

class ArrayIteration
{
    static void Main()
    {
        int[] row = { 1, 2, 3, 4 };
        foreach (int number in row) 

        {
            ... 

        }
        int[,] grid = { { 1, 2 }, { 3, 4 } };
        foreach (int number in grid) 

        {
            ... 

        }
        int[][] ragged = 

        { 

            new int[2]{ 1, 2 }, 

            new int[4]{ 3, 4, 5, 6 } 

        };
        foreach (int[] array in ragged) 

        { 

            foreach (int number in array) 

            {
                ...
            }
        }
    }
}
New Features in C#Really new (compared to Java)•Reference and output parameters•Objects on the stack (structs)•Rectangular arrays•Enumerations•Unified type system•goto•Versioning"Syntactic Sugar"•Component-based programming-Properties-Events•Delegates•Indexers•Operator overloading•foreach statements•Boxing/unboxing•Attributes•...
Structure of C# ProgramsProgrammFile F1.csFile F2.csFile F3.csnamespace A {...}namespace B {...}namespace C {...}class X {...}class Y {...}class Z {...}

•If no namespace is specified => anonymous default namespace

•Namespaces may also contain structs, interfaces, delegates and enums

•Namespace may be "reopened" in other files

•Simplest case: single class, single file, default namespace
Unified Type System

Types

Value Types

Reference TypesPointersEnumsStructsClassesInterfacesArraysDelegates

Simple Types

bool

char

sbyte

short

int

long

byte

ushort

uint

ulong

float

double

decimal

User-defined Types

All types are compatible with object

-can be assigned to variables of type object

-all operations of type objectare applicable to them
Value Types versus Reference Types

Value TypesReference Types

variable containsvaluereference

stored onstackheap

initialisation0, false, '\0'null

assignmentcopies the valuecopies the reference

exampleint i = 17;string s = "Hello";

int j= i;string s1= s;

i

17

s

H e l l o

j

17

s1
Simple Types

Long Formin JavaRange

sbyteSystem.SBytebyte-128 .. 127

byteSystem.Byte---0 .. 255

shortSystem.Int16short-32768 .. 32767

ushortSystem.UInt16---0 .. 65535

intSystem.Int32int-2147483648 .. 2147483647

uintSystem.UInt32---0 .. 4294967295

longSystem.Int64long-263.. 263-1

ulongSystem.UInt64---0 .. 264-1

floatSystem.Singlefloat1.5E-45 .. 3.4E38 (32 Bit)

doubleSystem.Doubledouble5E-324 .. 1.7E308 (64 Bit)

decimalSystem.Decimal---1E-28 .. 7.9E28 (128 Bit)

boolSystem.Booleanbooleantrue, false

charSystem.CharcharUnicodecharacter
Compatibility Between Simple Types

decimal

double

floatulonguintushortchar

long

int

short

sbyte

byte

only with

type cast
ENUMERATION:

EnumerationsList of named constantsDeclaration (directly in a namespace)enumColor {red, blue, green} // values: 0, 1, 2enumAccess {personal=1, group=2, all=4}enumAccess1 : byte{personal=1, group=2, all=4}UseColor c = Color.blue; // enumeration constants must be qualifiedAccess a = Access.personal | Access.group;if ((Access.personal & a) != 0) Console.WriteLine("access granted");
Operations on EnumerationsCompareif (c == Color.red) ...if (c > Color.red && c <= Color.green) ...+, -c = c + 2;++, --c++;&if ((c & Color.red) == 0) ...|c = c | Color.blue;~c = ~ Color.red;The compiler does not check if the result is a valid enumerationvalue.Note-Enumerations cannot be assigned to int(except after a type cast).-Enumeration types inherit from object(Equals, ToString, ...).-Class System.Enumprovides operations on enumerations(GetName, Format, GetValues, ...).
ArraysOne-dimensional Arraysint[] a = new int[3];int[] b = new int[] {3, 4, 5};int[] c = {3, 4, 5};SomeClass[] d = new SomeClass[10];// Array of referencesSomeStruct[] e = new SomeStruct[10];// Array of values (directly in the array)int len = a.Length; // number of elements in a
Multidimensional Arrays

Jagged (like in Java)

a[0][1]a[0]a[1]

a

int[][] a = new int[2][];

a[0] = new int[3];

a[1] = new int[4];

int x = a[0][1];

int len = a.Length;// 2

len = a[0].Length;// 3

Rectangular (more compact, more efficient access)

a[0, 1]

int[,] a = new int[2, 3];

int x = a[0, 1];

int len = a.Length; // 6

len = a.GetLength(0); // 2

len = a.GetLength(1); // 3

a
Class System.String

Can be used as standard type string

string s = "Alfonso";

Note

•Strings are immutable (use StringBuilderif you want to modify strings)

•Can be concatenated with +: "Don " + s

•Can be indexed: s[i]

•String length: s.Length

•Strings are reference types => reference semantics in assignments

•but their values can be compared with ==and !=: if (s == "Alfonso") ...

•Class Stringdefines many useful operations:

CompareTo, IndexOf, StartsWith, Substring, ...
StructsDeclarationstructPoint {public int x, y;// fieldspublic Point (int x, int y) { this.x = x; this.y = y; }// constructorpublic void MoveTo (int a, int b) { x = a; y = b; }// methods}UsePoint p = new Point(3, 4);// constructor initializes object on the stackp.MoveTo(10, 20);// method call
ClassesDeclarationclassRectangle {Point origin;public int width, height;public Rectangle() { origin = new Point(0,0); width = height = 0; }public Rectangle (Point p, int w, int h) { origin = p; width = w; height = h; }public void MoveTo (Point p) { origin = p; }}UseRectangle r = new Rectangle(new Point(10, 20), 5, 5);int area = r.width * r.height;r.MoveTo(new Point(3, 3));
Differences Between Classes and Structs

Classes

Reference Types

(objects stored on the heap)

support inheritance

(all classes are derived from object)

can implement interfaces

may have a destructor

Structs

Value Types

(objects stored on the stack)

no inheritance

(but compatible with object)

can implement interfaces

no destructors allowed
Boxing and Unboxing

Value types (int, struct, enum) are also compatible with object!

Boxing

The assignment

object obj = 3;

wraps up the value 3 into a heap object

Unboxing

The assignment

int x = (int) obj;

unwraps the value again

obj3
Boxing/UnboxingAllows the implementation of generic container typesclass Queue {...public void Enqueue(object x) {...}public object Dequeue() {...}...}This Queuecan then be used for reference types andvalue typesQueue q = new Queue();q.Enqueue(new Rectangle());q.Enqueue(3);Rectangle r = (Rectangle) q.Dequeue();int x = (int) q.Dequeue();
Expressions
OPERATORS:

Operators and their Priority

Primary(x) x.y f(x) a[x] x++ x--new typeof sizeof checked unchecked

Unary+ -~ ! ++x --x (T)x

Multiplicative* / %

Additive+ -

Shift<< >>

Relational< > <= >= is as

Equality== !=

Logical AND&

Logical XOR^

Logical OR|

Conditional AND&&

Conditional OR||

Conditionalc?x:y

Assignment= += -= *= /= %= <<= >>= &= ^= |=

Operators on the same level are evaluated from left to right
Overflow CheckOverflow is not checked by defaultint x = 1000000;x = x * x; // -727379968, no errorOverflow check can be turned onx = checked(x * x); // 􀃎System.OverflowExceptionchecked{...x = x * x; // 􀃎System.OverflowException...}Overflow check can also be turned on with a compiler switchcsc /checkedTest.cs
Overflow CheckOverflow is not checked by defaultint x = 1000000;x = x * x; // -727379968, no errorOverflow check can be turned onx = checked(x * x); // 􀃎System.OverflowExceptionchecked{...x = x * x; // 􀃎System.OverflowException...}Overflow check can also be turned on with a compiler switchcsc /checkedTest.cs
Declarations
Declaration Space

The program area to which a declaration belongs

Entities can be declared in a ...

-namespace:Declaration of classes, interfaces, structs, enums, delegates

-class, interface, struct:Declaration of fields, methods, properties, events, indexers, ...

-enum:Declaration of enumeration constants

-block: Declaration of local variables

Scoping rules

-A name must not be declared twice in the same declaration space.

-Declarations may occur in arbitrary order.

Exception: local variables must be declared before they are used

Visibility rules

-A name is only visible within its declaration space

(local variables are only visible after their point of declaration).

-The visibility can be restricted by modifiers (private, protected, ...)
Namespaces

File: X.cs

File: Y.cs

Equally named namespaces in different files constitute a single declaration space.

Nested namespaces constitute a declaration space on their own.namespace A {... Classes ...... Interfaces ...... Structs ...... Enums ...... Delegates ...}namespace B { // full name: A.B...}

namespace A {

...

}

namespace B {...}

namespace C {...}
Using Other Namespaces

Foreign namespaces

•must either be imported (e.g. using Util;)

•or specified in a qualified name (e.g. Util.Color)

Most programs need the namespace System => using System;

namespace Util.Figures {

public class Rect {...}

public class Circle {...}

}

namespace Util.Figures {

public class Triangle {...}

}

Color.cs

Figures.cs

Triangle.cs

namespace Util {

public enum Color {...}

}

using Util.Figures;

class Test {

Rect r;// without qualification (because of using Util.Figures)

Triangle t;

Util.Color c;// with qualification

}
BlocksVarious kinds of blocksvoid foo (int x) {// method block... local variables ...{ // nested block... local variables ...}for (int i = 0; ...) {// structured statement block... local variables ...}}Note•The declaration space of a block includes the declaration spacesof nested blocks.•Formal parameters belong to the declaration space of the method block.•The loop variable in a for statement belongs to the block of thefor statement.•The declaration of a local variable must precede its use.
Declaration of Local Variablesvoid foo(int a) {int b;if (...) {int b;// error: b already declared in outer blockint c;// ok so far, but wait ...int d;...} else {int a;// error: a already declared in outer blockint d;// ok: no conflict with d from previous block}for (int i = 0; ...) {...}for (int i = 0; ...) {...}// ok: no conflict with i from previous loopint c;// error: c already declared in this declaration space}
Statements
if Statementif('0' <= ch && ch <= '9')val = ch -'0';else if('A' <= ch && ch <= 'Z')val = 10 + ch -'A';else{val = 0;Console.WriteLine("invalid character {0}", ch);}
switch Statementswitch(country) {case"Germany": case"Austria": case"Switzerland":language = "German";break;case"England": case"USA":language = "English";break;casenull:Console.WriteLine("no country specified");break;default:Console.WriteLine("don't know language of {0}", country);break;}Type of switch expressionnumeric, char, enum or string(null ok as a case label).No fall-through!Every statement sequence in a case must be terminated with break(or return, goto, throw). If no case label matches 􀃎defaultIf no default specified 􀃎continuation after the switch statement
Loopswhilewhile(i < n) {sum += i;i++;}do whiledo{sum += a[i];i--;} while(i > 0);forShort form forfor(inti = 0; i < n; i++)int i = 0;sum += i;while (i < n) {sum += i;i++;}
foreach StatementFor iterating over collections and arraysint[] a = {3, 17, 4, 8, 2, 29};foreach(intx ina) sum += x;strings = "Hello";foreach(charch ins) Console.WriteLine(ch);Queue q = newQueue();q.Enqueue("John"); q.Enqueue("Alice"); ...foreach(strings inq) Console.WriteLine(s);
Jumps

break;For exiting a loop or a switch statement.

There is no break with a label like in Java (use gotoinstead).

continue;Continues with the next loop iteration.

goto case 3:Can be used in a switch statement to jump to a case label.

myLab:

...

goto myLab;Jumps to the label myLab.

Restrictions:

-no jumps into a block

-no jumps out of a finally block of a try statement
return StatementReturning from a void methodvoid f(int x) {if (x == 0) return;...}Returning a value from a function methodint max(int a, int b) {if (a > b) return a;else return b;}class C {static int Main() {...return errorCode;// The Main method can be declared as a function;}// the returned error code can be checked with the// DOS variable errorlevel}
Expressions (C# Programming Guide)

An expression is a fragment of code that can be evaluated to a single value, object, method, or namespace. Expressions can contain a literal value, a method invocation, an operator and its operands, or a simple name. Simple names can be the name of a variable, type member, method parameter, namespace or type. 

Expressions can use operators that in turn use other expressions as parameters, or method calls whose parameters are in turn other method calls, so expressions can range from simple to very complex.


The two simplest types of expressions are literals and simple names. A literal is a constant value that has no name. For example, in the following code example, both 5 and "Hello World" are literal values:

C#


Copy Code

int i = 5;

string s = "Hello World";

For more information on literals, see Types (C# Reference).

In the example above, both i and s are simple names identifying local variables. When those variables are used in an expression, the value of the variable is retrieved and used for the expression. For example, in the following code example, when DoWork is called, the method receives the value 5 by default and is not able to access the variable var:

C#


Copy Code

int var = 5;

DoWork(var);

[image: image3.png]


 Invocation Expressions 

In the following code example, the call to DoWork is another kind of expression, called an invocation expression.

C#


Copy Code

DoWork(var);

Specifically, calling a method is a method invocation expression. A method invocation requires the name of the method, either as a name as in the previous example, or as the result of another expression, followed by parenthesis and any method parameters. For more information, see Methods (C# Programming Guide). A delegate invocation uses the name of a delegate and method parameters in parenthesis. For more information, see Delegates (C# Programming Guide). Method invocations and delegate invocations evaluate to the return value of the method, if the method returns a value. Methods that return void cannot be used in place of a value in an expression

