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Ogrodje .NET

* Temelj za izgradnjo aplikacij nove generacije
— Nov celovit programski model
— Temelji na standardih
— Korak proti integraciji

* Ogrodje .NET sestavlja:

— Skupno izvajalno okolje
(Common Language Runtime - CLR)

— Knjiznica razredov .NET

* Microsoft-ova implementacija CLI-ja
(CLI — Common Language Infrastructure)
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Znacllnosti C#

Very similar to Java

70% Java. 10% C++. 5% Visual Basic. 15% new

As 1n Java As i C++

* Object-orientation (single inheritance) * (Operator) Overloading

+ Interfaces * Pointer arithmetic in unsafe code
* Exceptions * Some syntactic details

* Threads

+ Namespaces (like Packages)
+ Strong typing

* (Garbage Collection

+ Retlection

* Dynamic loading of code



Reﬂll}-’ 1NICW (compared to Java)

L]

L

L]

Novostl v C#

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



Hello world

File Hello.cs

using System;
class Hello {

static void Main() {
Console.WriteLine("Hello World");

}

Compilation (in the Console window)
csc Hello.cs

Execution

Hello

uses the namespace System
entry point must be called Main
output goes to the console

file name and class name

need not be identical



Zivjo svet- Znacilnosti

using in namespace

— organizacija kode

— manj imenskih konfliktov

class

— vse je v razredih (ali njihovih variacijah)

Main

— vhodna toCka programa v eni izmed Stirih razliCic
— static: metoda razreda (in ne objektov)

Console.WriteLine("...")
— uporaba razreda in njegove metode iz knjiznice
— knjiznica ni del C#



Struktura programov C#

Programm
File Fl.cs File F2.cs File F3.cs
namespace A {...} namespace B {...} namespace C {...}

L T

class X {...} class Y {...} class Z {...}

If no namespace 1s specified == anonymous default namespace
Namespaces may also contain structs, interfaces, delegates and enums
Namespace may be "reopened" m other files

Simplest case: single class, single file, default namespace



Program, sestavljen iz dveh datotek

Counter.cs

class Counter {
int val = 0;
public void Add (int x) { val = val + x; }
public int Val () { return val; }

}

Prog.cs
using System;
class Prog {
static void Main() {

Counter ¢ = new Counter();
c.Add(3); c.Add(5);

Console . WriteLine("val =" + c.Val());

}
}

Compilation

csc Counter.cs Prog.cs
=> generates Prog.exe

Execution

Prog

Working with DLLs

csc /target:library Counter.cs
=> generates Counter.dll

csc /reference:Counter.dll Prog.cs
=> generates Prog.exe



Tipl



Poenoten sistem tipov

Rty &

Value Types ?&muc&l Pointers
Simple Types Enums  Structs  Classes Interfaces Arrays Delegates
bool sbyte byte  float S~ e
char short ushort double YT
int uint decimal US{E‘I‘-G’PﬁHE(f TI-;UES
long ulong .

All types are compatible with object
- can be assigned to variables of type object
- all operations of type object are applicable to them



Vrednostni tipl: sklicni tipl

Value Types

Reference Types

variable contains
stored on
mitialisation

assignment

example

value
stack
0. false. "0"

copies the value

mti=17;
nt j =1;
1 17

reference
heap
null

copies the reference

string s = "Hello";

string sl =s:

[T

//" Hello




TIpl
Klasifikacija
Vrednostni tipi (value types)
— spremenljivka hrani sdmo vrednost

— vrednost shranjena na skladu (ali "inline")
— prirejanje je kopiranje vrednosti

Sklicni tipi (reference types)
— spremenljivka hrani sklic na vrednost
— vrednost shranjena na kopici
— prirejanje je kopiranje sklica
— podvrzeni smetarju

— sem sodijo tudi kazalcCni tipi (pointer types)
* uporablja se le v posebnih okoliSCinah
* niso podvrzeni smetarju



Managed Heap

Stack

Tipl
Vrednostni tip

Managed Heap

Managed Heap

My Object | |

~tack

Stack




Managed Heap

Tipl

Sklicni tip

Managed Heap

Managed Heap

Managed Heap

Stack

My Object

My Object My Object
Reference
Stack Stack

Stack




sbyte
byte
short
ushort
1nt
uint
long
ulong
tloat
double
decimal
bool

char

Preprosti tipl

Long Form
System.SByte
System.Byte
System.Intl6
System.UlInt16
System.Int32
System.UInt32
System.Int64
System.UlInt64
System.Single
System.Double
System.Decumal
System.Boolean

System.Char

i Java
byte
short
mnt
long
float
double

boolean

char

Range

-128 .. 127

0. 255

-327768 .. 32767

0..65535

-2147483648 .. 2147483647

0..4294967295

063 163

0 .. 2641

+1.5E-45 .. £3.4E38 (32 Bit)
+5E-324 .. £1.7E308 (64 Bit)
+1E-28 .. £7.9E28 (128 Bit)

true. false

Unicode character



Kompatibilnost med preprostimi tipi

decimal +—double <— float +— long +— int <—— short +—— sbyte

‘\ ulﬂugl uintl ushm'tE byte

char

only with
type cast




Nastevni tipi (enumeration types)

List of named constants

Declaration (directly in a namespace)

enum Color {red, blue, green} //values:0, 1, 2
enum Access {personal=1, group=2, all=4}
enum Access1 : byte {personal=1, group=2, all=4}

Use

Color ¢ = Color.blue; // enumeration constants must be qualified

Access a = Access.personal | Access.group;
if (Access.personal & a) 1= 0) Console.WriteLine("access granted");



Operacije na nastevnih vrednostih

Compare if (¢ == Color.red) ...
if (¢ > Color.red && c <= Color.green) ...
+, - C=cCc+2;
T+, -- C++;
& if ((c & Color.red) ==10) ...
| c = c | Color.blue;
~ c = ~ Color.red:;

The compiler does not check if the result 1s a valid enumeration value.

Note

- Enumerations cannot be assigned to inf (except after a type cast).
- Enumeration types inherit from object (Equals, ToString, ...).

- Class Svstem.Emum provides operations on enumerations
(GetName, Format, GetValues. ...).



Polja

One-dimensional Arrays

int[] a = new int[3];

int[] b = new int[] {3, 4, 5};

int[] c = {3, 4, 5};

SomeClass[] d = new SomeClass[10]; // Array of references

SomesStruct[] e = new SomeStruct[10]; // Array of values (directly in the array)

int len = a.Length; // number of elements in a



Vecdimenzijska polja

Jagged (like 1n Java) . a[0|][‘|]
ntl] a = new int[2][} alo] 1
a[0] = new int[3]; a[1] —
a[1] = new int[4]; e

int x = a[0][1];
int len = a.Length; // 2
len = a[0].Length; // 3

Rectangular (more compact, more efficient access)

int[,] a = new int[2, 3]; 3 alo, 1]

int x = a[0, 1];

int len = a.Length; /Il 6
len = a.GetLength(0); // 2
len = a.GetlLength(1); // 3




Razred System.String

Can be used as standard type string

string s = "Alfonso”;

Note

Strings are immutable (use StringBuilder 1f you want to modify strings)
Can be concatenated with +: "Don " + s

Can be mdexed: s[i]

String length: s.Length

Strings are reference types == reference semantics in assignments

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

Class String defines many useful operations:
CompareTo, IndexOf, StartsWith, Substring, ...



Strukture

Declaration
struct Point {
public int x, y; Il fields
public Point (int x, int y) { this.x = x; this.y = vy; } Il constructor
public void MoveTo (inta, inth){x=a;y=b;} /I methods
}
Use
Point p = new Point(3, 4); /I constructor initializes object on the stack

p.MoveTo(10, 20); [l method call



Razredi

Declaration

class Rectangle {
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; }
}

Use

Rectangle r = new Rectangle(new Point(10, 20), 5, 5);
int area = r.width * r.height;
r.MoveTo(new Point(3, 3));



Razlike med razredi in strukturami

Classes Structs

Reference Types Value Types

(objects stored on the heap) (objects stored on the stack)
support inheritance no inheritance

(all classes are derived from object) (but compatible with object)
can implement interfaces can implement interfaces

may have a destructor no destructors allowed



Boxing In unboxing

* Boxing uporabljamo, ko pri vrednostnih tipih potrebujemo
sklic (referenco)
— na primer: polje mesanih tipov = polje nad tipom object
— Java to resuje z razredi primitivnih tipov
* V C# so tudi vrednostni tipi izpeljani iz razreda object
— ni preprek, da ne bi do vrednostnih tipov dostopali preko sklica

int value;
object boxedvalue = value; //boxing
value = (int)boxedValue; //unboxing



Boxing In 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

obj

—T—™

Unboxing
The assignment
int x = (int) obj;

unwraps the value again



Boxing In unboxing

Allows the implementation of generic container types

class Queue {

i:.n.ublic void Enqueue(object x) {...}
public object Dequeue() {...}

}

This Queue can then be used for reference types and value types

Queue g = new Queue();

d.Enqueue(new Rectangle());
d.Enqueue(3);

Rectangle r = (Rectangle) g.Dequeue();
int x = (int) g.Dequeue();



|zrazi



|zrazl In operator]

* VecCina operatorjev je enakih kot pri C++ in Javi

— logicni && | |

— aritmeticni * / + - % << >>

— primerjalni== !'= < > >= <=

— ostali X.y f(x) a[x] ++ -- new ?: itd...

* Malo drugace
- & In | sta za tip bool logiCha operatorja s popolno
evaluacijo
* Drugace
- 1s : testira tip (v stilu Javanskega 1nstanceof)
— as : pretvorba tipa brez prozenja izjem
- typeof : vrne tip



Vrstni red Izvajanja operatorjev

vrstni red izvajanja operatorji doloCa prioriteta
a=b+c*d; seboizvedelkot a=b+(c*d);

vrstni red Izvajanja operatorjev z enako prioriteto doloCa
asociativnost

— z leve proti desni (vsi binarni operatorji, razen operatorjev
prirejanja)

— z desne proti levi (operatorji prirejanja in pogojni operator ?: )

- X-y-z; seboizvedelkot (x-y)-z;

- a=b=c; seboizvedel kot a=(b=c);

Prioriteto in povezovanje operatorjev lahko kontroliramo z
uporabo oklepajev



Vrstni red Izvajanja operatorjev

vrsta

primarni

unarni
multiplikativni
aditivni
pomik
relacijski in
pretvorba tipov
enakost
logicni AND
logicni XOR
logicni OR
pogojni AND
pogojni OR
pogojni

prireditev

operatorji

Xy f(x) a[x] x++ X--
new typeof checked unchecked

+ -~ ++x --x (T)X
* | %
+ -

<< >>
< > <= >= is as

&

A

|

&&

|

C? Xy

= *= [= Op= += = <<=>>= &{= N= |=

>

v1311d0Il4dd




Preverjanje prekoracitve

Overtlow 1s not checked by default

int x = 1000000;
X=X"x; [[-T27379968, no error

Overflow check can be turned on

x = checked(x * x); // =» System.OverflowException
checked {

W

2.".;.= X *X; Il = System.OverflowException

Overtlow check can also be turned on with a compiler switch

csc /checked Test.cs



typeof In sizeof

typeot
+ Returns the Type descriptor for a given type
(the Tvpe descriptor of an object o can be retrieved with 0. GerTvpe()).

Type t = typeof(int);
Console.WriteLine(t.Name); // = Int32

s1zeof
* Returns the size of a type in bytes.
+ (Can only be applied to value types.

* (Can only be used 1n an unsafe block (the size of structs may be system dependent).
Must be compiled with c¢sc /unsafe xxx.cs

unsafe {
Console.WriteLine(sizeof(int));
Console WriteLine(sizeof(MyEnumType));
Console . WriteLine(sizeof(MyStructType));

1



Deklaracije



Prostor deklaracij

The program area to which a declaration belongs

Entities can be declared in a ...

namespace:
class. interface. struct:

enum;
block:

Scoping rules

Declaration of classes, interfaces, structs, enums, delegates

Declaration of fields. methods, properties, events, indexers, ...

Declaration of enumeration constants

Declaration of local variables

- 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, ...)



Imenski prostori (namespaces)

File: X.cs

namespace A {
... Classes ...
... Interfaces ...
.. Structs ...
.. Enums ...
Deleqates ...

namespace B { // full name: A.B

}
}

File: Y.cs

namespace A {

namespace B {...}

}

namespace C {...}

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

Nested namespaces constitute a declaration space on their own,



Uporaba drugih imenskih prostorov

Color.cs Figures.cs Triangle.cs
namespace Util { namespace Util.Figures { namespace Util.Figures {
public enum Color {...} public class Rect {...} public class Triangle {...}
} public class Circle {...} }
}
using Util.Figures;
class Test {
Rectr; Il without qualification (because of using Util. Figures)
Triangle t;

Util.Color ¢; [/ with qualification

}

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;



Bloki

Various kinds of blocks

void foo (int x) { /I method block
... local variables ...
{ /I nested block
... local variables ...
}
for (inti=0;...){ /I structured statement block
... local variables ...
}
}
Note

* The declaration space of a block includes the declaration spaces of 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 the for statement.

* The declaration of a local variable must precede its use.



Deklaracija lokalnih spremenljivk

void foo(int a) {

int b:
if (...){
int b; /[l error: b already declared in outer block
int c; [l ok so far, but wait ...
int d:
} else {
int a; Il error: a already declared in outer block
int d; I/ ok: no conflict with d from previous block
}
for(inti=0;..){.}
for (inti=0; ...){..} //ok:no conflict with i from previous loop
int ¢; /[ error: ¢ already declared in this declaration space



Stavki



Preprosti stavki

Empty statement

; I ; is a terminator, not a separator

Assigment

X=3"y+1;

Method call

string s = "a,b,c”;
string[] parts = s.Split(,');  // invocation of an object method (non-static)

s = String.Join(" + ", parts); // invocation of a class method (static)



Stavek If

f ('0' <= ch && ch <="9")
val =ch -'0"
else if (A'<=ch && ch <=2
val =10 + ch - 'A";
else {
val = 0;
Console.WriteLine("invalid character {0}", ch);



Stavek switch

witch (country) {

case "Germany": case "Austria”: case "Switzerland":
language = "German";
break;

case "England": case "USA":
language = "English”;
break;

case null;
Console.WriteLine("no country specified");
break;

default:
Console.WriteLine("don't know language of {0}", country);
break;

Tvpe of switch expression
numeric. 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 = default
If no default specified = continuation after the switch statement



switch z goto

E.g. for the implementation of automata

b
q (N

c

int state = 0;
int ch = Console.Read();
switch (state) {
case 0: if (ch=="a") { ch = Console.Read(); goto case 1, }
else if (ch =="c') goto case 2Z;
else goto default;
case 1. if (ch=="b") {ch = Console.Read(); goto case 1;}
else if (ch =="c') goto case 2Z;
else goto default;
case 2: Console.WriteLine("input valid");
break:
default: Console.WriteLine("illegal character {0}", ch);
break:



Zanke
while

while (i < n) {

sum += i
i++;
}
do while
do {
sum += ali];
I
} while (i > 0);
for Short form for
for (inti=0;i<n; i++) inti =0;
sum += i while (i <n){
sUm += I
++

}



Stavek foreach

For iterating over collections and arrays

intf[la={3, 17, 4, 8, 2, 29},
foreach (int X in @) sum += X;

string s = "Hello";
foreach (char ch in s) Console.WriteLine(ch);

Queue g = new Queue();
d.Enqueue("John"); g.Enqueue("Alice"); ...
foreach (string s in gq) Console.WriteLine(s);



Skoki

break; For exiting a loop or a switch statement.

There 1s no break with a label like in Java (use gofo instead).

continue; Continues with the next loop iteration.
goto case 3: Can be used 1n a switch statement to jump to a case label.
myLab:
goto myLab; Jumps to the label mvLab.
Restrictions:

- no jumps into a block

- no jumps out of a finally block of a try statement



Stavek return

Returning from a void method

void f(int x) {
)

if (x ==0) return;

Returning a value from a function method

int max(int a, int b) {
if (a > b) return a; else return b;

}

class C {
static int Main() {

return errorCode:; /[l The Main method can be declared as a function;
} // the returned error code can be checked with the
/I DOS variable errorlevel



Razredi In strukture



Vsebina razredov ali struktur

class C {

.. fields, constants ... // for object-oriented programming
.. methods ...

.. constructors, destructors ...

.. properties ... /I for component-based programming
.. events ...
.. iIndexers ... /] for amenity

.. overloaded operators ...

.. hested types (classes, interfaces, structs, enums, delegates) ...



Razredi

class Stack {
int[] values;
int top = 0;

public Stack(int size) { ... }

public void Push(int x) {...}
public int Pop() {...}

Objects are allocated on the heap (classes are reference types)
Objects must be created with new
Stack s = new Stack(100);

Classes can mbherit from one other class (single code mheritance)

Classes can implement multiple interfaces (multiple type inheritance)



Strukture

struct Point {
int X, y;
public Point(int x, int y) { this.x = x; this.y = y; }
public MoveTo(int x, inty) {...}

}

Objects are allocated on the stack not on the heap (structs are value types)
+ efficient, low memory consumption, no burden for the garbage collector.
- live only as long as their container (not suitable for dynamic data structures)

Can be allocated with new

Point p; /I fields of p are not yet initialized
Point g = new Point();
Fields must not be mnitialized at their declaration

struct Point {
intx=0; // compilation error

}

Parameterless construcors cannot be declared

Can neither mherit nor be inherited, but can implement interfaces



DoloCba vidnosti

public visible where the declaring namespace 1s known

- Members of interfaces and enumerations are public by default.
- Types in a namespace (classes. structs, interfaces, enums, delegates)

have default visibility internal (visible in the declaring assembly)

private  only visible in declaring class or struct
- Members of classes and structs are private by default
(fields, methods. properties. .... nested types)

Example

public class Stack {
private int[] val; Il private is also default
private int top; /l private is also default
public Stack() {...}
public void Push(int x) {...}
public int Pop() {...}



Clanske spremenljivke (fields) in konstante

class C {

int value = 0; Field
- Initialization 1s optional
- Initialization must not access other fields or methods
of the same type
- Fields of a struct must not be initialized

const long size = ((long)int. MaxValue + 1) / 4;

Constant
- Value must be computable at compile time

readonly DateTime date;

Read Only Field

- Must be initialized in their declaration or in a constructor
- Value needs not be computable at compile time
- Consumes a memory location (like a field)

}

Access within C Access from other classes
... value ... size ... date ... C ¢ = new C();
...c.value ... c.size ... c.date ...



Staticnhe Clanske spremenljivke In
konstante

Belong to a class, not to an object

class Rectangle {
static Color defaultColor; /l once per class

static readonly int scale; If--"—
/I static constants are not allowed
int x, y, width,height; // once per object
}
Access within the class Access from other classes

... defaultColor ... scale ... ... Rectangle.defaultColor ... Rectangle.scale ...



Examples

class C {
intsum=0,n=0:

public void Add (int x) {

SUM = sum + X; N++;

public float Mean() {
return (float)sum / n;

}

Access within the class

this.Add(3);
float x = Mean();

Metode

/I procedure

/I function (must return a value)

Access from other classes

C c=new C();
c.Add(3);
float x = c.Mean();



Statiche metode

Operations on class data (static fields)

class Rectangle {
static Color defaultColor;

public static void ResetColor() {
defaultColor = Color.white;
}

Access within the class Access from other classes

ResetColor(); Rectangle.ResetColor();



Parametri

Value Parameters (input values)

void Inc{int x) {x=x+ 1;}
void f() {

int val = 3;

Inc(val); // val ==

}

ref Parameters (transition values)

void Inc{ref intx) {x=x+1;}
void f() {

int val = 3;

Inc(ref val); // val ==

}

out Parameters (output values)
void Read (out int first, out int next) {

}
void f() {

int first, next;
Read(out first, out next);

first = Console.Read(); next = Console.Read();

}

"call by value"

formal parameter 1s a copy of the
actual parameter

actual parameter is an expression

"call by reference”

formal parameter is an alias for the
actual parameter

(address of actual parameter 1s passed)
actual parameter must be a variable

similar to ref parameters

but no value is passed by the caller.
must not be used in the method before
it got a value,



PrenaSanje parametrov

* ref
— prenasanje po referenci

// definicija metode
static void Zamenjaj(ref int i, ref int j) {...}

// klic
Zamenjaj(ref a, ref b);

e out
— prenasanje neinicializirane spremenljivke po
referenci



Spremenljivo stevilo parametrov

Last n parameters may be a sequence of values of a certain type.

keyword
params

T L7

void Add (out int sum, params int[] val) {
sum = 0;
foreach (intiin val) sum = sum + i

array type

}

params cannot be used for ref and out parameters

Use
Add(out sum, 3, 5, 2, 9); //sum==19



Preoblaganje metod

Methods of a class may have the same name

- 1f they have different numbers of parameters, or

- 1if they have different parameter types. or

- 1f they have different parameter kinds (value, ref/out)

Examples
void F (int x) {...}
void F (char x) {...}

void F (int x, long y) {...}
void F (long x, inty) {...}
void F (ref int x) {...}
Calls
int i; long n; short s;
F(i); /I F(int x)
F('a'); /Il F(char x)
F(i, n); /I F(int x, long y)
F(n, s); /I F(long x, int y);
F(i, s); /I cannot distinguish F(int x, long v) and F(long x, int y); == compilation error
F(i, 1); /I cannot distinguish F(int x, long y) and F(long x, int y); => compilation error

Overloaded methods must not differ only in their function types. in the presence of params
or in ref versus out!



Razred - konstruktorj

e Dve vrsti:

— konstruktorji izvodov ("klasicni")

* definira kaj je potrebno storiti ob ustvarjanju izvoda
(predmeta)

* metoda z imenom razreda, ki nima vracajocega tipa
* |lahko so preoblozeni

— staticni konstruktorji
* Definira, kaj je potrebno storiti ob ustvarjanju razreda

* statiCna metoda z imenom razreda, ki nima
vracajocCega tipa in je brez argumentov ter nima
pridevnikov za dostop



Razredni konstruktorii

Example

class Rectangle {
int x, y, width, height;
public Rectangle (int x, int y, intw, int h) {this.x = x; this.y = y; width = x; height = h; }
public Rectangle (int w, int h) : this(0, O, w, h) {}
public Rectangle () : this(0, 0, 0, 0) {}

}

Rectangle r1 = new Rectangle();
Rectangle r2 = new Rectangle(2, 5);
Rectangle r3 = new Rectangle(2, 2, 10, 5);

*  (Constructors can be overloaded.

* A construcor may call another constructor with this
(specified in the constructor head, not in 1ts body as in Java!).

* Before a construcor 1s called, fields are possibly initialized.



Privzeti (default) konstruktor

If no constructor was declared in a class, the compiler generates a
parameterless default constructor:

class C {int x; }
Cc=newC(); /lok

The default constructor mitializes all fields as follows:

Numeric 0
enuim 0
bool false
char "0
reference null

If a constructor was declared, no default constructor is generated.:

class C {

int x;

public C(inty) {x=vy;}
}

Cc1 =new C(); // compilation error
C c2 =new C(3); // ok



Konstruktorjl za strukture

Example

struct Complex {
double re, im;
public Complex(double re, double im) { this.re = re; this.im = im; }
public Complex(double re) : this (re, 0) {}

}

Complex c0:; /[l ¢0.re and c0.im are still uninitialized
Complex c¢1 = new Complex(); lelre==0, cl.im ==

Complex c2 = new Complex(5); [l c2.re ==5 c2.im ==

Complex ¢3 = new Complex(10, 3); // c3.re==10, c3.im ==

*  For every struct the compiler generates a parameterless default constructor
(even 1f there are other constructors).
The default constructor zeroes all fields.

*  Programmers must not declare a parameterless constructor for structs
(for implementation reasons of the CLR).



Staticni konstruktorjl

Both for classes and for structs

class Rectangle {

;fati: Rectangle() {
Console.WriteLine("Rectangle initialized");

}
}

struct Point {

static Point() {
Console.WriteLine("Point initialized");

}

«  Must be parameterless (also for structs) and have no public or private modifier.

»  There must be just one static constructor per class/struct.
« Is invoked once before this type 1s used for the first tume.



Destruktor]i

class Test {

~Test() {

... finalization work ...
/I automatically calls the destructor of the base class

}

Correspond to finalizers in Java.
Called for an object before 1t 1s removed by the garbage collector.
No public or private.

Is dangerous (object reswrection) and should be avoided.



Lastnosti (properties)

Syntactic sugar for get/set methods

property name

class Data { property type
FileStream j/

public string FileName {

set {
s = new FileStream(value, FileMode.Create);
}
get {
return s.Name;
}

}
}

Used as "smart fields"

Data d = new Data();

"input parameter"
of the set method

d.FileName = "myFile.txt"; Il iInvokes set("myFile.txt")
string s = d.FileName; /l invokes get()

JIT compilers often inline get/set methods = no efficiency penalty




Lastnosti (nadaljevanje)

get or set can be omitted

class Account {
long balance;

public long Balance {
get { return balance; }

}
}
X = account.Balance; [l ok
account.Balance = .. ; /I compilation error

Why are properties a good idea?

* Interface and implementation of data may differ.
+  Allows read-only and write-only fields.

+ (Can validate a field when 1t 1s assigned.

*  Substitute for fields in interfaces.



Indekser|i

Programmable operator for indexing a collection

class File { type of the NAame type and name
- | indexed expression always this of the index value
leStream s; | indexed exp . Iways t} — of tl 1 L

e
public int this [int index] {
get { s.Seek(index, SeekOrigin.Begin);
return s.ReadByte();

}
set { s.Seek(index, SeekOrigin.Begin);
s.WriteByte((byte)value);
}
}
}
Use
Filef=..;
int x = f[10]; /I calls f.get(10)
f[10] ="A"; Il calls f.set(10, 'A")

+ get or set method can be omitted (write-only / read-only)
* Indexers can be overloaded with different index types



Razredi — indekser

Indekserji (indexers) razsiritev lastnosti

omogocajo izgradnjo poljubnih indeksiranih
vsebovalnikov (containers)

uporaba tako izgrajenih vsebovalnikov se ne razlikuje od
vgrajenih
Indeks je lahko poljubnega tipa

class Flota

{
public Ladja[] zbirka = new Ladja[10];

public int this[int index] {
get {

}

return zbirka[index].Prostornina,



Indekserji: Se en primer

class MonthlySales {
int[] product1 = new int[12];
int[] product2 = new int[12];

oublic int thisint i] { /I set method omitted => read-only
get { return product1[i-1] + product2[i-1]; }
}

public int this[string month] { /Il overloaded read-only indexer

get {
switch (month) {
case "Jan": return product1[0] + product2[0];

case "Feb": return product1[1] + product2[1];

MonthlySales sales = new MonthlySales();

Console.WriteLine(sales[1] + sales["Feb"]);



Preoblaganje operatorjev

Static method for implementing a certain operator

struct Fraction {
int x, v;
public Fraction (int x, int y) {this.x = x; this.y = vy; }

public static Fraction operator + (Fraction a, Fraction b) {
return new Fraction(a.x * b.y + b.x " a.y, a.y * b.y);

}
}

Use

Fraction a = new Fraction(1, 2);
Fraction b = new Fraction(3, 4);
Fractonc=a+b; /cx==10,cy==

*  The following operators can be overloaded:

— arithmetic: +. - (unary and binary), *, /. %, ++, --
— relational: —, =, <, >, <=, 5=

—  bit operators: &, . "

—  others: I, ~ == <<, frue, false

* Must return a value



Operator|i pretvorbe

Implicit conversion
- If the conversion is always possible without loss of precision
- e.g. long = int;

Explicit conversion
- If a run time check 1s necessary or truncation 1s possible
- e.g.int = (int) long:

Conversion operators for custom types

class Fraction {
int x, v;

h“ublic static implicit operator Fraction (int x) { return new Fraction(x, 1); }
public static explicit operator int (Fraction f) { return f.x/ f.y; }

}

Use

Fraction f = 3; /[l implicit conversion, f.x == 3, f.y ==
inti=(int)f; /I explicit conversion, i ==



Gnezdeni tipi

class A {
int x;
B b = new B(this);
public void f() { b.f(); }

public class B {
Aa:
public B(A a) { this.a=a; }
public void f() {a.x = ...; ... a.f(); }

}
}
class C{

A a=new A();

A.B b =new A.B(a);
}

For auxiliary classes that should be hidden

- Inner class can access all members of the outer class (even private members).
- Outer class can access only public members of the mnner class.

- Other classes can access an inner class only if 1t 1s public.

Nested types can also be structs, enums. interfaces and delegates.



Kako napre]?

Konec prvega dela

Skok na drugi del
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