.NET Framework
environment for programming and common types control

* Support by many programming styles and languages
* Increased security, versions control
* Common types system

source File C++4-, C#, Eiffel, Python, Visual Basic, Jscript, Fortran,
s

IL language dependent | C++,C# ......

compilation l

executable sl IL Code & Metadata

}

Runtime —_— environment for execution




CLR Type

System
Value Types Reference Types
Built-in Value Tlypes Object Interface Pointer
Types Types Types
User-Defined ______  User — Defined
Value Types Reference Types

Definitions of value type (inherited System.ValueType) and referent type.
Value type can not be inherited. It's sealed. virtual methods.

Eefers:nt types can be created as child of any class(excluding ValueType and
num).

Memory is engaged from stack (value
are managed by GC.

Referent calls are strongly typed. We are speaking for: identity and equality.

garbage collector moves objects i1 the heap only and associates new values
for references accordingly.

The programmer can not define own pointer type , but CLR is generating
pointers to user-defined types, if needed

es) or heap (reference types). The last



Comr&on IL

in-line
(o) |

bool

char

int8

intl6

int32

int64

unsigned int8
unsigned int16
unsigned int32
unsigned int64
float32
Float64

native int
native unsigned int

Value Types

Framework Class Library (FCL)

/

FCL
support

System.Boolean
System.Char
System.SByte
System.Int16
System.Int32
System.Int64
System.Byte
System.UInt16
System.UInt32
System.UInt64
System. Single
System.Double
System.IntPtr
System.UIntPtr

description CLS

true false Y
Unicode character Y
signed 8 bits \|
signed 16 bits Y
signed 32 bits Y
signed 64 bits Y
unsigned 8 bits Y
unsigned 16 bits \|
unsigned 32 bits \|
unsigned 64 bits \|
IEEE 32 bits FP Y
IEEE 64 bits FP Y
signed nativeint Y
unsigned native int N



2. bool

3. characters 16 bits Unicode
4. Integers

5. Floating Point types

e User-defined Value Types: in stack; no default constructor; are of type
enum or structures

e enumerations
using System
namespace Enumeration
{ struct EnumerationSample
{ enum Month { January = 1, February,...... he
static int Main(string[] args)

{ Console.WriteLine("{0} is month {1}",
Month.September, (int) Month.September);

return 0;

¥




[ structures (C++ > class; C# > struct for value type or class for referent types )

e In the structure must be:

o 1. methods (static — can be called without instance of type and_instance- can be call
after an instance exists).

No default constructor method is possible for them.

using System);
namespace ValueTypeMethods
{ struct Sample
{ public static void SayHelloType()
{Console.WriteLine("Hello from type”);}
public void SayHelloInstance()
{Console.WriteLine("Hello from instance”); }

static void Main(string[] args)
[ / starting point of the program is static method, not important if for a value or
// a reference type. The name may be different from main(),( in C# must be Main()
{ SayHelloType();
Sample s = new Sample()
s.SayHelloInstance();

b



KaTo roBopum 3a MeTOoAM — la CNOMEeHeM U 3a MeTtoaa — KOHCTPYKTOP Ha TUl

(ToBa e Hewo, pa3nnuyHo oT MeToaa — KOHCTPYKTOP Ha MHCTAHUUA)

-Moxxe ga ro nMa KakTo npv pecdepeHTHHU, Taka U NP1 CTOMHOCTHM TUNOBe
-Mo)xe na e camo 1. HUKOra HMa napameTpu. TakbB He ce Cb3AaBa No noapasbpaHe.
-U3rnexxpa taka:

class my_class{
static My_class(){
// xoa, KOUTO Lie ce U3NbJIHM NbPBUA NMbT, KOraTo UMaMe AOCTbMN ro TMNa

-KOHCTPYKTOpPBT Ha TMN Ce U3NMbJIHSIBA CaMO BeAiHb)X 3a LSIJIOTO BpeMe Ha CblleCTByBaHe Ha
TUNa B paMKUTE Ha npoueca.

-KOHCTPYKTOpMTE Ha TUN ca m private, 3a Aa He MoraT fla ce BUKaAT BbHLLUHO, OCBEH

ot CLR



2. fields of type -fields (static or instance). Possesses: type and name

3. properties( static or instance). “logical field” having type, nhame and
set of methods that will control the manipulations with them. The compiler chooses the suitable
method. Can be parameterless or parameterfull (called indexers in C#)

using System;
namespace ValueType
{ struct Point
{private int xPosition, yPosition;

public int X
{ get {return xPosition; } // method get_X is generating
set {xPosition = value;} // method set_X is generating
>
publicintY
{ get {return yPosition;}
set {yPosition = value;}
>
>

class EntryPoint
{ static void Main(string[] args)

{ Point p = new Point(); //notin the heap - in the stack, “p” is of value type
p-X = 44; / /the compiler is generating a call to set_X
p.Y = 55;

Console.WriteLine("X: {0}", p.X);
Console.WriteLine(Y: {0}", p.Y);



-Methods that wrap the access to a field are called ‘accessors’
example:

public sealed class Employee {
private String m_name;
private In¥32 m_age;
public String Name {
get { return(m_name);}
set { m_name = value;} // the ‘value’ keyword always identifies the new value

be
ic Int32 Age {
get { return(m_Age);}
set {
if(value < 0)

throw new ArgumentOutOfRangeException( “value”, value.ToString(),
“The value must be >=0");
m_Age = value;

e.Name = “"Nakov”;

String new_name = e.Name;

e.Age = 100;

e.Age = -3; / /throws an exception
Int32 new_Age = e.Age

-Properties could be static, instance, virtual and so on;

-Properties can be marked with access modifier also;

-Each property has name and type (not a ‘void’);

- it’s not possible to overload properties — with the same name and different type

- the compiler automatically defines get_xxx and set_xxx methods , where *xxx’ is the name of the property

\



Parameterfull properties (napaMmeTbpHM CBONCTBA)
Accepts 1 or more parameters. In C# are called ‘indexers’ (vHaekcaTopm) .

Are exposed using array-like syntax:

public sealed class BitArray {
private Byte[] byteArray;
public BitArray(Int32 numBits) { ...byteArray = new Byte[...]; }

[[%8,8,])
h

}

N3non3BaHe:

BitArray ba = new BitArray(12);
ba[3] = ....;
Console.WriteLine("Bit is” + (ba@ ?2 "0On” : “Off"));

—

Mo>ke aa ce cumTta, Ye nHaekcatopbt (B C# ) e HaumH aa ce npeaeduHupa onepatop ‘[]1’



4. events ( static or instance) are used to exponent asynch FONY changes.

Must have a name and a type ( that is the signature of the callback method, used in the
implementation in the client application — listener). After an event had been defined, methods of
name add_EventName and remove_eventName are automatically defined and they' ill be used in
the listeners associated with this event. Client objects are able to register its interest (became
listeners). (a parallel with notifications used in COM technology can be made here)

A type witch defined into some events informs other objects when event fires.

Other objects can register or unregister its interest to an event and can define own reaction to it.

object 1 has interest 0 g object 2 has interest
2 |
il > event Manager
p

e Our first short example:
using System;
namespace EventSample
{
public delegate void ADelegate();
struct EventClass
{ public event ADelegate AnEvent; [ [ creates an event in this class
public void InvokeEvent()
{ if (AnEvent != null)
AnEvent();
>

static void CallMe()
{ Console.WriteLine(™ I got called”);) ¥



static void Main(string[] args)

{ // listeners for this event are registered (add_...)
EventClass e = new EventClass();
e.AnEvent += new ADelegate(CaliMe);
e.AnEvent += new ADelegate(CallMe);
e.AnEvent += new ADelegate(CaliMe);
e.InvokeEvent();
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® A ﬂ,ECbVIHVIpaHe Ha TUM, EKCMNOHUPALL event (colored are the mandatory elements)

class EventManager {

// 1.following is an inline type, that defines the information sent to event listeners ;czt:m_EventArgs
public class MailMsgEventArgs : EventArgs /
public MailMsgEventArgs( String from, String to, String subject, String body)
{ this.from = from; this.to = to; this.subject = subject; this.body = body;}
public readonly String from, to, subject, body;

¥

/] 2.following is a delegate, that defines a prototype for a callback method, that
// must be implemented by all listeners



public delegate void MailMsgEventHandler ( Object sender, MailMsgEventArgs args);

/ /3. following is the definitior,/:)f the event (listeners must implement such callback method)
public event MailMsgEventHandler MailMsg; >
// 4. a method, responsible for the notification of objects- listeners for this event

protected virtual void OnMailMsg(MailMsgEventArgs e) //may be overloaded

{ if(MailMsg != null) / /does exist a registered listener?
{MailMsqg( this. e); / /listeners are notificated
>

by

// 5. method that receives input data and translates them. Fires the event
public void SimulateArrivingMsg(String from, String to, String subject, String body)
{ MailMsgEventArgs e = new MailMsgEventArgs(from, to, subject, body);
[ [ calls the method that notificates all objects for the event
OnMailMsg(e);
by




Inside, the operator : public event MailMsgEventHandler MailMsg;

is transformed by the C# compiler in:

BuHaru e private, He3aBMCMMO Kak € gedpmHUpaHoO cbbuTneTo. CNUCLKBLT HE € AOCTbMEH

JinEm—
1. peneratHo none (private MailMsgEventHandler MailMsg = null), that in the start moment is
null, then initialized with a reference to a linked list of delegates, waiting to be informed for
this event. The list is ‘private’

2. defined new method: public void add_MailMsg(MailMsgEventHandler handler)
this method will add a new reference into the linked list in case of new listener.

3. new defined method public void remove_MailMsg(MailMsgEventHandler handler)
responsible for un-register all event handlers for objects that are lost its interest to the event.

4. KbM MeToauTe OT 2. M 3. ca fobaBeHn aTpnbYTH 3a CMHXPOHM3ALUA T.€. TE€ Ca HULLUKOBO
o6e3onaceHu U MHOroO cnyLwiaTenu MoraT Aia paboTAT eqHOBPEMEHHO C TAX.

5. MetoauTte ca public, 3awoTo n cbbutTnero e 6uno aexknapmpaHo public

6. B MeTagaHHUTe ce oob6aBsi onucaHueTo 3a event, Tuna generart, merogute add* n remove*




e b. npoexTMpaHe Ha TvM, cayluall 3a cbburtue

class Object1
{ // nopaBaHe KaTo NapaMeTbp B KOHCTPYKTOPA Ha 0bekTa cbC cbbutmeto (EventManager B cnyyas )
public Object1(EventManager mm)
{ // nobaBaMe pethepeHuUMs KbM CIMCbKa ciyLwaTtenn Ha cbbutmneto MailMsg (cera ToBa e callback meToaa
// ¢ me Object1Msg n nmaly chblata curHaTypa Kato Cb3aafeHns B knaca EventManager
// penerateH Tmn — MaiMsgEventHandler )
mm.MailMsg += new EventManager.MailMsgEventHandler(Object1Msg);
// KOHCTpympa ce aenerateH 0bekT, 0b6BMBaLL cer Aa Object1Msg KaTo BLTPELUHO Ce BUKA
// mm.add_EventManager(new EventM r.MailMsgEventHandler(Object1Msg)) 3a permucrpaums

// cnepBa onucaHue Ha Callback metoaa , konto EventManager Lie n3Buka npu cbbUtTneTo
private void Object1Msg( Object sender, EventManager.MailMsgEventArgs e)

public void Unregister( EventManager mm)
{// KoHCTpynpaMe nHcTaHumMsa Ha MailMsgEventHandler generata, pedepupaly callback meToaa
// ObjectlMsg wn ro oTperncTtpupBaMe KaTo efNeMeHT OT CrNCHKa.
// C# He gonycka AMPEKTHO BMKaHe Ha add n remove, HO OT e3num 6e3 cbbuTns — e Bb3MOXXHO
EventManager.MailMsgEventHandler callback =
new EventManager.MailMsgEventHandler(Object1Msq);
mm.MailMsg -= callback; //BViKa BbTpewHo mm.remove_MailMsg(callback)

¥

[okaTo 06eKT e perucTpupaH KaTo cbbuTtne B Apyr o6eKkT — Toi He noanexxm Ha GC 06paboTku!




Sealed Value Type

* value type He ce HacneasiBa

* He ponycka virtual meTogun

* TMN MOXKe Ala ce Mapkupa kaTto sealed (C#, Sealed B CLR) — He MOXe fa
6bae 6a30B.;

* TMN MOXKe Aa ce Mapkupa kaTto abstract ( C#, Abstract B CLR) — He gonycka
MHCTaHLUMSA, HO MOXKe Aia ce NnoJi3Ba 3a 6a30B. AKO HaC/IeAHUKDBT He e
abcTpakTeH, OT Hero MoraT Aia ce NpaBAT UHCTaHLUW;

*3acera He e ponyctumo Abstract Sealed. 3aToBa, ako we aoedpuHupaTe
cobcTBeH TMN caMo cbce static uneHoBe ,

Mapkuparte ro sealed. flebunnnparte My u private, 6esanapameTbpeH KOHCTPYKTOP
(He MOXXe Aa ce BUKa OTBbH 3@ MHCTAHLUMS, @ M NPEeYn Ha KOMNWJaTopa Aa Cb3AaAe CBOM no

noapasbupaHe) n Taka nocrurate abcrpakuyusTa.
TakuBa ca Hanp. 06ektn Math, Console.




Boxed types

CTOMHOCTHUTE TUNOBE Ca OJIEKOTEHM, B CTEKA a He B Xuna, He ce ynpasnsaBaTt ot GC,
He ce couaT OT YKa3aTenu.
ToBa e 4OCTAaTbUYHO B MHOIO C/ly4aun, HO He BUHarM...
HanpumMmep, nckame aa co3pgagem macus ( ctaHgapTeH tvn Arraylist pp;)
OT TOUKU- AepUHMpPaHN KaTO
struct Point{...}.
NMocne pa Bukame  pp.Add(my_point);
Unnm: Point new_point = (Point) pp[0];

Ho ToukaTta e cTpykTypa e B - Kak e f1 BKapaMme B 06eKT, B Xxuna v e B3eMeM
pedepeHUns KbM Hes

KaK € AonyCTUMO U KaKBO Ce € Cny4duso ?

e Bceku CTOMHOCEH TUM MOXE Aa Ce KOHBEpPTMPa B pedepeHTeH (onepauusita € boxing)
® Bb3MOXHOCT 3a Bceku value type, k. user-defined

® QaBTOMATUYHO Ce reHepupa ob6BMBaLL 06EKT (boxmg?jcne,u KOMMpaHe Ha CTOMHOCTTA Ha
value Tmna B boxed 06eKT konTo ce e anokupan B heap.

e Onepauns unboxing — BpbLa value type B HOpMasiHO CbCTOsIHME. M3paboTBa ykasaTen
KbM AaHHaTa (40 MOMeHTa cbabpXXaHa B boxed 0bekT), konupa AaHHUTE Ha boxed
obekTa BbB Vvalue type (B cTeka).

e boxed obektute ca B heap.

e CnenoBatesiHo, BCeku value type, MOXe Aa Ce pas3riexaa Kato 06eKT, npu
HeobxoanmocT. W aa B3aMModenCTBa C BCekM APYr 06eKT (BCMYKM Ca HacaeaHnLUN Ha
Object). ObwoTo HacneacTso Hanoaobsiea IUnknown B KOMAOHEHTHOTO MPOrpaMupaHe.

e Bceku boxed type noaabpxxa nHtepdencu ,YMMTo METOAN MOraT [a Ce Nos3Bar.
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KaTo nmame npeasua KasaHOTO, CiefiBa Aa cbobpasvM CneacTBusiTa OT NpeobpasyBaHusTa No-Aony

using System;
struct Point
{ public Int32 x,y;
public void Change(Int32 x, Int32 y) { this.x = x; this.y = y; }
public override String ToString()
{ return String.Format( {0}, {1}", x, y); }
>
class App
{ static void Main()
{
Point p = new Point();
p-x=py=1;
Console.WriteLine(p); // (1,1)
p-Change(2, 2);
Console.WriteLine(p); /] (2, 2)
Object o = p; // boxing
Console.WriteLine( o0 ); (2, 2)
(( Point) o0).Change(3, 3); // 3awoTto Change() e meTtoa Ha Point
// " o™ ce pa3sonakoBa. lNoseraTa ce konupaTt BbB value type Point B cTeka
/] v ce npoMeHaT Ha 3
Console.WriteLine( o0 ); /] (2, 2) — ToBa e “nakeTupaHuaT” obekT

Hskxowun e3nyn (C++) no3BosssBaTr AUPEKTHA MPOMSIHa B 6OKCHpaHHS 06EeKT, HO MoBeYeTo
(Hanp C#) — He . 3a ga ce criacuM ot npobsiema Morxe Aa peasim3npame Hac/legsiBaHe Ha
HHTEepgeric c nHrepghericen merog Change() - rosa we pasrsiegame rno-KbCcHO)



Reference Types
* koM6buHupa MHpopMaLMa 3a MEeCTONOJI0)KEHUE U 3a CbAbp)KaHMUe.
* Mectonono)xeHuerto e "Type Safe”, 1.e. camo assignment-compatible Tnnose

MOrarT Aa ce nasfitT TaMm.
* garbage collector MmecTn Te3n 06ekTn cBob6oaHO0.3aTOBa AOCTLNDBT A0 TAX €

npe3 CUJIHO TUNU3npaHu pedepeHunn, He AUPEKTHO

o A.Object Types: scuukn knacose ro Hacnepsisar;
BuHarm ca B GC heap; Bcuukun HacnegsisaTt Object:
System.Object

OcHOBHM MeTOoAM Ha TUNa (C Bb3MOXXHOCT 3a NPUMNOKPUBaHe) ca:
Equals (peanusaumusaTta npoBepsisa unum identity nnm
equality);
Finalize (Buka ce npeam gc na ocBo6oan namerta);

GetType (BaxHo e ue MeTOABLT € HEBUPTYaNeH — T.e. He
€ Bb3MOXXHO HSIKOM Aia ce nNpeAcTaBy 3a Aapyr);

ToString ( Bpblya MHOpMaLMA 3a TUNA, aKo He ce
npunokKpme).



using System;
namespace Override
{
class Sample
{ static void Print( params Object[] objects)
{ foreach(Object o in objects)
Console.WriteLine( o.ToString());
// BMKa nogxoaawma MeTo 3a BCEKM apryMeHT, aKko CblLlecTByBa
by
static void Main( string[] args)
{
Object o = new Object();
String s = “"Nakov”;
inti=33;
Print( o, s, i); / / int > boxed element, Buka ce co6creeHus ToString()

} 3}



npeanaBaHe rMpoMeHJIMB 6o napamMeTpu;:

/static Int32 Add( params Int32[] values )

{
Int32 sum = 0;
for( Int32 x = 0; x< values.Lenght; x++)
sum += values[x];
return sum;
bs
BUKaMe ro Taka: Add( 1,2,3,4,5,6)

KoeTo e no-HarnegHo ot: Add(new Int32[] { 1,2,3,4,5,6})
* knoyoBaTa AyMa params aobass aTtpmbyTt kbM napamerbpa [ParamArray].
* KoMmnunatopbT NpeTbpcBa 3a CbOTBETCTBALLM MeToamn 6e3 params u cnen
TOBa 3a TakuBa C params. ToraBa nakeTupa napaMeTpute B MaCUB U BMKa
MeToAa C yKa3aTesl KbM MacuBa.

* caMO nocnegHUAT NapaMeTbp Ha MeToA MOXKe fia e C params

* naHHuUTe TpsA6bBa Aa Morart Aa ce NnakeTupaTt B eAHOMepeH MacuB

* MeToa C NnpoMeHNMB 6poi NnapaMeTpyu OT pa3/IMueH TUN ce AeK/lapupa:
Method ( params Object[] objects)



Ba)xern B CLR Brpagen tmn (ocBeH Object) e String

* TOM e sealed

* Bceku Mmetoa, moaucpunumpaly Hus, cb3aasa HOB HU3 (immutable)

* OCHOBHM MeTOoAM:

KOHCTPYKTOPMU ( Hama default) 3a pa3/iM4HM aprymeHTu — char, macus char,
yKa3atenm koM char

Compare(); Concatenate(); Format(); IndexOf(); Insert(); Length(), ....

using System;
namespace StringSample

{

class Sample

{

static void Main(string[] args)
{ String s = "Nakov"; // 6e3 new (MoO)e, 3aL10TO e BrpageH)
Console.WriteLine( “Length is:; + s.Lenght); // B3eMame property — Ab/KMHA

/| npeobpasysa ce (boxed) B TN ch.e)x’.{ingv + Object ?

// cbuwecrtByBa overrided concatenation Metoa Ha knaca String ¢ napametsp Object.
//Ton ce non3Ba

Console.WriteLine(s.ToLower()); // cb3paBa ce BpeMeHeH string object

h
has



Mopaan cBoMcTBOTO immutable Ha HM30BEeTE, NporpaMHa KOHCTPYKLMS OT BUAA:
str. ToUpper();

Makap ¥ BanuaHa, HaMa Aa Hanpaswu HULLO (Str NpOMeHNMBAaTa He e Ta3n, KOSTO
e ce npoMeHn). MNMo-gobpe:

string strUpper = str.ToUpper();

KnaceT String umnnemenTtupa IComparable, ICloneable, IConvertible, IEnumerable
N cnepoBaTenHo MeTtoauTe B TAX.

NMpo6nemMun N0 Npon3BOAUTENTHOCTTA, MOPOAEHU OT YECTOTO Npecb3faBaHe
Ha
String 06exkTH:

string str = String.Empty;
For (int I = 0; i<10000;i++)
str +="asdfghj";
/ /BCsikO cnenBaHe BOAM A0 Cb3AaBaHe Ha HOB HM3 U 3apaens namert.Bceku npeauwieH
//Hn3 ce Mapkupa 3a yHuuloxasaHe. 10 000 H1M3a > 6aBHO U Henpou3BOAUTEJTHO!

\



Mo-yaauHo e uanonssaHe Ha Tuna StringBuilder peduHupan B System.Text:

(TaM HM3BT MOXXe Aa 6bae NPOMEeHsIH Ype3 AMHAMUYHO Npe3ajenisiHe Ha NaMeT C yaABOsiBaHe
npu BCAKO aobnvxaBaHe A0 rpaHuUaTa Ha 3aaeneHus bydep).

NMpv TOBa KOHBEpTUPAHETO e cB06oAHO:

string str = strbuilder.ToString() // npaBu npeobpa3yBaHe KbM HU3

Noao6peHaTa npeaullHa NporpaMa C U3noJji3aBaHe Ha TO3M KJacC U3rnexaa Taka:

S"tringBuiIder sb = new StringBuilder();
for(i = 0; i< 10000; i++)
sb.Append(“asdfgh”);

string str = sb.ToString();

// Ta3u Bepcus Ha nporpaMarta paboTu xunaam nbTH No-6bLP30



b. BveedeHue 8 ‘Interface Types’

* pbBegeHn B COM n CORBA

* uenta e He camo ¢yHKLUMOHaNHa HacnegaemocT(inheritance), HO M Bb3MOXHOCT 3a noaenAHe Ha obuy,
BbHLIEH aorosop ( MHTepdeiic) mexkay HecBbp3aHU 06eKTu.

* UHTeppencHUAT TMN e YacTUUYHa cneundpuKauma Ha TMn

* noaAbpKa ce HacneaAeMocCT Ha UHTepdercHU TUNnoBe

* MHTeppenCcHUAT TUN CbabpPIKa:

meToam (CTaTUYHU U HA UHCTaAHUMA )
noneta (ctatTuuHn) Ho He u B CH#
property

events

* meToauTe Ha nHTepdeiic ca public, abstract, virtual
* Framework noaabpka MmHOXecTBO MHTepdeiicHU Tunose
* CLR He noaAabprKa MHOXKeCTBEHO Hac/leaaBaHe Ha TUNOBe, HO NOAAbPXKA TaKOBa 3a MHTeppEencH



MpumMmep C n3nonssaHe Ha MacUB U NpeobpasyBaHe KbM MHTEphenc

using System;
using System.Collection;

namespace StringArray
{ class EntryPoint
{ static void Main(string[] args)
{String [] names = {* Nakov”, Gotceva”, Najdenov”};
Il knacbT Array 3a BCsiIKakBU TUNOBE Ce Cb3AaBa aBTOMaTUYHO NPU HyXAa U BUHaru
Il nopabpxa IEnumerator (Array noaabpxa m: Clear(); GetLenght();Sort(),IsSynchronized()..)
/l Sort() usnonasa IComparable, KOnTO cneaBa Aa e peanuampad ot array Tuna

IEnumerator i = names.GetEnumerator();
while(i.MoveNext())
Console.WriteLine(i.Current);

}




6MnBar:

unmanaged function pointer

managed pointers (CLS cbBMecTuMu n GC ynpasnsiemm)
unmanaged pointer referring values (CLS HecbBMecTuMM).He BCUMUKM e31LM M noaabpiKaTt

CUMHTaKCUCHT € €3MKOBO cneundunyeH

using System);
namespace ObjectType

{ public delegate void ADelegate();
public

{ event ADelegate AnEvent; }
public

{
int X { get; set}
int Y {get; set;}

h



class Point:

{
private int xPosition, yPosition;
public event ADelegate AnEvent;
public int X
{ get { return xPosition;}
set { xPosition = value
be
publicintY
{
get {return xPosition;}
set { yPosition = value
bs
class EntryPoint
{
static void CallMe() /| Benerart

{ Console.WriteLine(" I got called”)’ b
static void Main(string [] args)

{ Point = new Point();

IChanged ic = ;

IPoint ip

Console.WriteLine("X: {0} Y: {1}", )}
}
b3



. U3non3saHe Ha nHtepdeuncu c Value tunose
using System;

namespace InterfaceSample 1.MoxeM aa BUKame uHtepdeiiceH

MeToa M npe3 value Tvn

{ public delegate void Changed();
interface IPoint 2. Ako BUKaMe MetToa Ha value t™vn
{int X npe3 nHrepcdeincHmnsa ykasaren(KoOUTo e
{ get; set;} B XMMna), MMHaBaMe npes nakeTupaHe n
inty npexsbpnsiHe npes3 heap
{ get; set;}
}
struct Point : IPoint // value type , Hacneaun nutepdeiic
{ private int xValue, yValue;
public int X

{ get { return xValue;}
set { xValue = value;}
}

publicintY
{ get { return yValue;}
set { yValue = value;}
}

}

public class EntryPoint
{ public static int Main()

{

Point p = new Point();
p-X=p.Y=33;
IPoint ip = p; // interface pointer — B heap, value Tuna B cteka
Console.WriteLine(“X: {0}, Y: {1}”, ip.X, ip.Y);
// ip vnma goctbn camo go reference Tunose, gokato p e value type. CnegosaTenHo P € ONaKkoBaH u
// ip vma goctbn Ao onakoBaHMA 06EKT U uneHoBe.

}
11



E. lIpucBosiBaHe M CbBMECTUMOCT

npasuna:

1. npm cbBNnageHue Ha TUNOBETE;

2. KOraTo NpMcBOsIBaHMAT 06eKT e OT noaTMn;
3. korato uMaT o6y nHTepdcenc .

using System;
namespace AssighmentCompability

{
class Sample
{ static void Main(string[] args)
{ System.Int32 i = 42;
Object o;

String s = "Nakov”;
IComparable ic;
0=Ss; //OK
ic =s; //OK — 06ekT s nogabpxa
// IComparable
0 =i //OK - BAinm3a B box n ce npucsosiBa KbM 06eKT
ic=1i; [/ OK-ice nakertupa
i=s; [/ rpewka npy koMnunauus
s = (String) o;

// runtime error: B MOMeHTa “0” cbabpxa i . CBuBa ce o6cera Ha boxed o6ekT
KbM nopobekr

h
Has



denerarm

- callback ¢pyHkuun B Windows

- callback ¢pyHkuun, peanmsunpaigm cneundpuyHmn o6paboTkmn: gsort ot runtime
6u6bnuorekarta npuema callback ¢-us , copTupaula eneMeHTUTE Ha MacuB

- callback ¢pyHKUMMUTE He HOCAT MH(. 3a 6poi n TN NapamMeTpu, BpbllyaHa
CTOMHOCT, KOHBEHLMSA Ha NOBUKBaHe.

T.e. callback c¢dhyHkuMuTEe He ca TMNOBO-06e30naceHun

(PuxTtep,430cTp)

.NET m peneratute

using System;
using Syste.Windows.Forms;
using System.IO;

class Set
{ private Object[] items;
public Set(Int32 numlItems)
{ items = new Object[numItems];
for( Int32i = 0; i< numltems; i++) items[i] = i;}

public delegate void Feedback( Object value, Int32 item, Int32 numlItems);
// aexknapupa ce public apeneraTt v ce onuMcea cCMrHatyparta My

\



public void ProcessItems(Feedback feedback) // napaMeTbpbT e pedpepeHunn
// xbM 06ekT 3a Feedback generaT, kouto ce non3Ba 3a callback noBukBaHus
{ for( Int32 item = 0; item<items.Lenght; item++)

He e
pyHkyusa 11! {if(feedback != null)
{ feedback(items[item], item+1; item.Lenght); ¥
/ |/ ako nma callback ¢-umn, Te ce U3BMKBAT 3a BCEKU 06eKT
>
SO0 )
class App // TYK Wwie BUKaMe CTaTU4YHU U MeTOAM Ha MHCTaHUMUSA, NOCPeACTBOM Aeneratm

{ static void Main()
{StaticCaIIbacﬂ(

InstanceCallbacks()

b
static void StaticCallbacks()
{ Set setOfItems = new Set(5);

setOfItems.ProcessItems(null); [/ 1. 6e3 callback meTogmu
setOfItems.ProcessItems( new
Set.Feedback(App.FeedbackToConsole)); // 2. koHcTpyupa ce generat on\tun Feedback
// o6BuBaw metoga FeedbackTo
setOfItems.ProcessItems( new
Set.Feedback(App-FeedbackToMsgBox)); /] 3.
Set.Feedback fb = null; // we cb3nakame Bepura generatm
fb += new Set.Feedback(App.FeedbackToConsoje);
fb += new Set.Feedback(App.FeedbackToMsgBoX);

setOfItems.ProcessItems(fb); // 4. 3a Bcekn enemeRyr, npez koiito ce
/| uTepupa, e ce BUKaT NnocsiefoBaTe/IHO BCUYKM AesieraTHU MeToAM OT CrMCbKa

}



static void FeedbackToConsple( Object value, Int32 item, Int32 numlItems)

{ .. ... . b
static void FeedbackToMsgBox( Object value, Int32 item, Int32 numlItems)
{| ... ¥
bs
static void InstanceCallbacks()
{
Set setOfItems = new Set(5);
App appobj = new App(); //06eKTHbT e Hy)XeH caMo 3a instance MeToaa cu
setOfItems.ProcessItems( new
Set.Feedback(appobj.FeedbackToFile));
>
void FeedbackToFile( Object value, Int32 item, Int32 numlItems_
Lo be
b

e JeduHUpaT ce C kn. ayma delegate
® KOHCTpYMpaT Ce TEXHU MHCTaHLUUK C hew

® BUKa ce callback meToga, kKaTo BMECTO MME Ha METOA, NMoJaBaMe
NPOMEHIMBA, pedepupallla AenerateH obekT



Kak CLR u KoMnIn/1aTopsT OCUrypsaBaT Nnogapv)KKkaTa 3a gesieratu

HMaxMe B Koga C/IEqHUSI OnepaTop:
public delegate void Feedback( Object value, Int32 item, Int32 numlItems);

KoMnunaTopbsT AeduHUpa Knac 3a generara:

public class Feedback : System.MuItiEastDeIegate // xnacsbT e public, 3awWo0To generaTsbT e public
{ public Feedback( Object target, MethodPtr); // KOHCTPYKTOp. CUrHaTypaTa My e pa3nimyHa??!l!

/1aC, KaTO BCEKN APYT KJiacC :!

e [leneratbTt
e [leneratbTHacneaasa MulticastDelegate n BaxxHuTe nogera: _target; _methodPtr (3a cTaTtnyHm
mMetoau e'null, 3p octaHannte — Int32 nHAekc j)T MeTagaNHuTe), _prev (Mpy Bepurn oT generaTn)

aeneratHuAT O6ekT e 06BMBKa OKOMO METOA M 06EKY , C KOUTO METOALT paboTu

e ObpnlieHreTo KbM callback MeToa e kaTo ¢ b-usa (Ho TakaBa HaMa !! ). BCbLHOCT TOBa €
NpoMeHnBa ,| pedepupalla aenerateH obekt. KomnmnatopbT n3Bmkea Invoke(). Bce
eHo:
feedback.Invoke( items[item], item, items.Lenght);

e Invoke() MoXxe Aa ce BuKa ABHO OT HsAkou e3num (oT C# - He, oT VB — aa). MeTtoabT 3Hae
kon metoa (_methodPtr) n 3a kon obekT (_target) oT cBos CTpaHa Aa NoBMKa.




