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class Rectangle

{
// two fields

private int breadth;
private int length;

// three methods
public void setLength(int newValue)

{

length = newValue;

}

public void setBreadth(int newValue)

{

breadth = newValue;

}
public int getarea()

{
return 2 * (length + breadth);

}
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Rectangle myrect = new Rectangle();
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Rectangle myrectl = new Rectangle();
Rectangle myrect2 = new Rectangle();

Class : Rectangle

Breadth = 20

myrectl

Breadth = 10

myrect2
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OBJECT

PROPERTY METHOD

Attribute or state Do something:
function & procedure

BankAccount

-owner: string
-balance: double

+deposit (amount: double): bool
+withdraw(amount :double): bool
+getName () : string
+getBalance(): double
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void setDiamentions (int 1ln,int br)
{
this.length = 1n;
this.breadth = br;

}
this.length Methods
Refers Callgflleing
rl’s Length th_gc:t

Rectangle rl = new Rectangle() ;

rl.setDiamentions (20,10) ;
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‘) (o G‘a«: as g_',-.;)ﬁ*‘ 5 A.»SGA QW ‘) )‘qu L)“‘\"‘9> (o yd c.b.w
Sgd e ai8,5 L o public P A D)0 & WSS et

el gylade bos a5 Syl L8 Jlio o Set aie Joles st cpl:S€Ta, @
3,0 3929 (cD 8 i sl b SELGW 3 098 o 5] SBL AL S s Property
5 ol oo Lo g 48,5 )13 T 3o Property sl oo e e a8 value b «
o yisd zelans SEBTGL, 6l )lg5 co Cpioren il alils pwyiws ol SET@Ww 5 ,b
S o pUBliC 53 i & g0 0 WSS askiie |y (ow yiws o S48 S et
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private string firstName;
private string lastMame;

public string FirstName Pro p e rty Ol&l‘ LS‘)‘? S,Li;o

{

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

} Slilos ml> pradl 08 olul (el Codgrge (p (DT S el 0S5 ()8

public string Laschene LProperty L 1, wols ol Rectangle s » Set jGet gloais alewgs a5

get { return lasetone: } 9 JA\M 30 oS o0 .ol.?r:i‘ Jae IS5« |, Person i W*S &lwooly

' o¥lg Sllee & 00,5 a5 LastName sFirstName lael L Property

) ¢ sl Lz LPTOpery ;iisi oy aiese plosl | abgye (slaalsd 5l (s g

public class Person & Sz SELL gt &y (sl 1, 608 2 wilgi oo Lot s il sl FlEId iy 5

{ private string firstName; B pb & 025 a5 PrOperty S, PErson (s gly pesls> o Jie olsie

private string lastilane; M 4 ojlss S 135 o FUIIName 1, cosls cpl pb wls,3 0 |, ased

public string Firsthane a0 g Caols ol sl oo S 2 S oS o0 Fu!IName cwols o Person

et { return firstliane; T ks FUllName o5 el o ol ool s ceiingis o) 6l |, SBL sy 4 o)ls get

} S MEe pualys 45T Sge j0 g il S wp |, laStName sfirstName § s 5

public string LastName o oo axlge oz plin b (o FUllNamMe Jslo

{ get { return lastiiane; | 3,05 1, Set aay & oll N\g/rite-OnIy %)l get su a5 slProperty «

} 355 5 odle rilgi o @S o B &5 jshilen (izen oS 0 REED-Only

public string FullNane oS Lasine ow yiwd mhaw 5o SETget slaasas ;I SO e sl Property
get { return FirstName + ™ " + LastName; }
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Automatic Properties

oy
blic cl P . A . S e =
g T e Siig g yles Olles Lol oS o i a5 a5 PrOpEItY iyl a8
private string firsthame; D 5oLk ol PErson (ols «Jle gl g osS oo JyuS | okd SO
public string FirstMame bl by 5 blae S5O Q‘?Su"’ LVl Coogas 4 bgyye oS
¢ ool ALbyl Canols (gl ald Sy 5095 D jg0 a4 Vb oS LL o

get { return firstName; } . - ) :
set { Firsthame = value; } I g 8055 Syge ) o SBL sl & 5 00,5 s
, h JyuS el ad 5 S o5 e bAUto-Property bl
YL i il o Property g 5 galss cllee 4 (owyiws
BB S s s FIrstName cools a5 suas o pss (5976
public class Person Auto- ).| aS @L"} il andls oy Rie Q—.’.‘ FRVAE e
public string FirstMame { get; set; } 2 ) g ‘) Setﬁget b b "“"SLS" ool lmProperty
T by F a0 JSKie cpl aldlo S auales cdl o U sliy &) gad]

Lol 00U d).’a).:u)kasw

public class Person

public string FirstMame { get; private set; }
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Namespace ab sld

4 S e ganaiws | b WIS a5 el Shjle jLale G ab glad
Lol 4 pb glad casla (WS 0,5 iy poi gl ladhaie Ko ©)le
el slad wuusS Sy gl 1) Hlubeas’ ulwl g 4l a5 wuS 0 SoS
S slp Ysero Wil s (5900 @)l (o pumgiasliy lp

i Itern_n Object_n ) ‘.SALMJ‘ ‘.SALQS siﬁt LgLé.é }‘ OQL&.:.MJ‘ Qﬁ-.\.j 5\39.«.0‘50 OQL&:.MJ‘ s\f [“'efé &;‘f‘-L.’lé
\ h / 6‘)’ t5'iL> ‘615 ‘AL Lgl.«é.én_il)d "\""SQSA(.S*"“’MLJ" B solauw! Syg0

P ATl sl o St (goll (2 9,55 1 g a5 23250 Sl )0 095
S99 4 dwliy o JSGI o gl colainl glalElas glapl slad

Schemail

I —

Objectl ltem2

) oolsl ol b olas adly ,o oyl oo
System Namespace degere Sl olul | lacgome SSE sl p6 sla &l 0 ol
39 5o ) 4 K0

Windows Namespace

Forms Namespace

Button Class
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C# 4 43@\9.4?1.\' Lgbbéﬂu\g.u'ﬁ%

sl oy g Lad I sogos sas

WBRlS 55 09290 slapl sl (1 ytogs |
oL sl .Net Framework
slas 6‘)"5 ‘alj slas u;] S| SyStem
Al 0 8313 £lgl g ot (§lgadls  foli System 4 Abbse 05 Sl o 6,500 slepl
sy a5 Sysytem.lO Jio  lgxe

EJ_J.- ol shad

azilellbl o Sale gleh 31 o lcies 5] o ApdIS sgle System Data )
5 79 9 o b S Gy oS
S48 g e T (51 g algudlS System Drawing ik o LB L S
8518 2033 0,550 0 5]y olpedlS System IO
55 Bl g Sl 51 g, algud 1S System Windows Forma

-Sgian e3liiel Kml gls esls | @jls e 5l p Systemn Xml
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e L4 & & D4 9
OV ) sl e‘a bl dlad u-‘s JS
namespace namespace_name v
{
// code declarations Hgdgalaz oo 5l abai b a5 LS ol 5 el (slas 5l eoli]
} iJle Glyie o

System.Convert.ToString();

using namespace_name;

using jsiws 5l oslau!
using System;
namespace namespace_namel ~ Convert.ToString();
{ pesisn pU glad jf oslital gl 1, USING jgtws bl (g, cul 5o

// code declarationss siw i olx ,2 50 56l S8 (90 1 Lad ()] ;0 59250 (Sla DS s
namespace namespace_name2>liwl s $,55 Sygo 4 bpl slad i wilys oo Lok (285 ouales I8

// code declarations System.Windows.Forms.MessageBox.Show("");
}
} Using jsws 5 eolicul

using System.Windows.Forms;

MessageBox.Show()
using namespace_namel.namespace_name2;




String

L] Red L]

’4—’
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Enum b i e ools g pudlie b Uil

Enum

Enum color

{

Red = 1;
Blue = 2;

White = 3,
Violet = 4,

}

enum <gnum_name>

{

enumeration list

2

S sl o byleds BB g col polie a5 cg> ENUM L bl ools g4
olas ¢ dae I Sog sl Wah o i cdld £ pl o aS gpolae Syl o p)l8
D9 oo Lol lagl &y (S a5 4 9 Nigd oo ()OS

2L col polie ofgie ENUM Slosls g5 (6l TOSHING) aie <> opl o
<ol INt e £5 o leslainl goae lade iuled gl B e g,

S o 5 O ygear CanedS 5 0lio 0 jlouls i Cp>

enum TypesOfColo

{
Black=-5,
Green=20,

White,
Red,
Blue

}
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static SOl dols b @LH»T

Hoba aiols alily Sod g a4 WS SO lacl a5 ol 5l a8

EX:- Message Box. Show (String) IB 0gd 0wl LIS T ) &S s b 5l GO slael Jyexs
a5 oS Gy (gyeb | WIS 5l ggac alei oo Lo Lol aiiie o i
O & (4t Sloe 5 (M 6l Boyb Dloriins 0 g ol g

Jsae ol iy ) U8 ggae oz cole bl bl gt
Classname static method NS o 5l sgac a5 olKis aiS e colind STALIC oS sadls
3 <l0DJeCt ma ol e gae )] o o i a5 StALIC & jg0a
O i e & g Sl el I Jie 1l 0 5 i ins BB (IS
Oygods |) loysie po g oo po a5lg o Lo 098 o3 Jog WD
oW Show we Jio ooxe a4 asS e a5 Static
bl oo SSbwl wie S MessageBox

Convert.ToDouble()
& 10of 18 ¥ double Canvert.ToDouble(bool value)

Converts the specified Boolean value to the equivalent double-precision floating-point number.
value: The Boolean value to convert,



a1.
a.
a3.

a85.

NON-STATIC

D—©O
@—»0

O
®>

Class Classl
1
int a;//instace type
static int b ;// static type

&35 (s ol 3901
LM) ‘SAH )Q
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static 6‘0&‘& 9‘}.‘?‘

2 g M o 4 Al o5 aiwe olacl cads o Stalic glacl
P2 ula gmaidl o S i T S ey aislo slsl ST e

Classl

int a;
static int b;
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statiC sl b b <3

g ol asls wjws StaliC glacl 4 wlg o by static ww

class Classl el 1y S o o jiwd (OIS sole slael ar Logiiins ilgs o

{ st o1 50 olihie b Wsd o 5ot o 4wyl lis LIS S oole

public static void methodl() a Lot (oo 5 ain oLl J it STAHIC Lol Ll 55 0,55
{ wlasl 4 aglsn aSul g 0,8 Iy owyis S ol S8 4 bag]

A ol (B bl LB s A (IS o &S sIstatic

} A1 sy gole glacl o Static v 6 9,0 W ls aad 3

e S5 ol LS‘)? S0 r’l?d‘ ‘) )lf Q?.‘ £ om0 Y d’)la )" .l asl
J 5 Access Modifier ;| sa Static s’ asls” cosls static

d)ske S (29> €95 )]
Classl.methodl();




static class Classl

{
}

public static class DistanceConverter

{

public static double meterTocmeter(double meter)

{

return (meter * 100);
}
public static double cmeterTometer(double cmeter)
{
return (cmeter / 100);

}

public static double cmeterTomilimeter(double cmeter)

{

return (cmeter * 10);

}

public static double milimeterTocmeter(double milimeter)

{

return (milimeter / 10);

}
}

@t toed gl 590l
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static s

a5 STAMIC oo 1) WS S ol oo (rizen
c,as StaliC o g0 1, LM o a5 WK oS
sl 225 S 0nl (59, 51 ol oad K00 (V)
sl Static wb (oIS slac! saea (V)
& cool cpl Sl o WIS 5 eolaiwl sblye 3l (S5
Gl slaiged g e 4 WS (oo el ShLLS
sis Sealed Sstul gla DS 0gis asle LS
ailgd gad L WIS ol 0 &) les! 3 Ole sed Ao yo
I olges Jo opl b Jg awsl acsls constructor
solie 4 aoluie ol WSTAtiC constructor
Static 45 oS 4>y 0,5 eolatw! WIS Static
&, modifier 3 WL CoONstructor

cm=DistanceConverter.meterTocmeter(2.5);

double cm;




Public static void

curly brackets

indicates the '\

nesting - }

structure static indicates

that it cannot
be instantiated

Main ()

static class Program

{

static void Main()

{

Application.EnableVisualStyles();
Application.SetCompatibleTextRenderingDefault(false);

Application.Run(new Forml());
}
}

@t toed gl 590l
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main s yostatic gouds aols

Maing wie ;o StAiC sadlS saals cnl axsio salid ol L
wlasl | (SS9 bael p £9pi galats MainQ s a5 bl 5l agloas
03) lo (ol 49550 Cobe Sl A g pzpe 5l S Wb el DB
Chy 5 statip Sigos |, MAINO ate o5 cwl s ol 4 o9
S35 MaiNQ aie g asle oIS 51 i aSl 5l L8 b piS o

s Cowd 5o 1 del S pedlein e (ol 9,0 B ol
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= Three ways to pass parameters o o J & s

in | Pass by value Pass by value Jluie b Jlo,l s, -

3 ey o 9 S e iy (Jeere Glyiie Bb slayll o iy, cnl o

":lt Pass by reference 4 olesS,lidsie 4 1) eaddlsrld 5l plyeiie olul b coli ol Sl 5

P S5l g e 4oy y0 by alil (59,5 6)*_“4 2 S oo Jlo )l e 6'{”)3*"‘)[?..

out |Output parameters PL”/):-A‘)L’ adgl Jade olgie 4 LQ*’ lilesS)l 5 o)l f“‘ﬁ"ﬁ ‘LSL‘Q"L"BS )" fﬁ){f
w8 a0 50 6899 lgre o Loy )b JLo sl IS8l 0 198 0 4235 L

Cabb s B8 s O yge 4 PASS DY ValUE g, 4 Lol aigs

private woid buttonl Click({object sender, Eventirgs e)

{

) Adduﬂli.\‘ modify local copy—> x = 0;
}

wold &ddUp(int firstlumber, int secondihamber) .
; int vy = 9;

value parameter—>| void F (int x)

y=9 unchanged——| F(y)
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ref parameter, . . ‘o Ay b J‘ .

initially 9 —> \{IOld H(ref int x) S0 ) ,.w‘) A )‘ ws) 8‘9-"
modify argument —> X = ; Pass by reference sl> I b b Jlo)l 2, .Y
} b ok oS o Jlo)l b SO @ ref “oge & ) e By
St B g 0gh o0 ooliw § Wi Aoy @ pitle wyol AL 0gd sos Jlo)l
iHE §ri= 5 ko)l g9 ol 4 09d oo Jlosl 33 Lol iite (55,0 (ove piie 50
) SsS so sl
y setto 10——>| H(ref y) ; ol 8 1o balegS | (59,0 dke 5y ;0 el )b (59,0 (5 s 2
w2 g 3o d Jlo )l oy 5 legS T ety )5 e T (gullS aals s
Value Type Reference Type dblyoo (ol o 5o el )yl pai a0
Result ool adgl (23jlade wilsgd oo ol w4y g (nl 4 a5 SleoS)]
sk
200 ‘ > Ox009%76 a5 5l )0 (2o o2 g (6999 pR Ol 4 el (Bs)y ol 5o
Nigad o

/

0x009876 07



out parameter —>

modify argument ——>

ysetto0 ——

void G(out int x)

{
X = 0;

int y;

G (out vy) ;

@t toed gl 590l
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o 4 ol )by Jlwyl o glgd!

OUL gulS aalS' b (29,5 Lol i 4 el Jlol b, Y
oslaiwl Sloy o el )l cpl il o ol )l &ygo @m0 Sl )l 0guls oyl
oaplem oo a8 (il aliloi 1) wie 4y Sl Jlo | aad aS 08 o

) B35 a5l Sledbl

Ao g, b (KPS &9 S w4 Jlo ) )l 8 ao e 4y (g5l
DS laie (ouds 6"9")3 ERVERVRUIA 5 I Y )

g ge ai8)S A o (g3 lere 4 i bl ) ol o

Sgd cad dgame LVAIUE TyPE ol 3 4 ks OUL gref ;i oolisl
S5 eoliiul 090wl o o reference type ok s plKn ash

=

Ly



class testparams

{
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public double Average(params double[] nums) params LSMS MJS ‘ QQM‘

o ~ double result = 08; o T GlyilesS,T olass a5 S oy ye5 ol b w,l 5k 2Bl 51 a8
for (int i = ©; i < nums.Length; i++) S oo 03] PATAMS cudS saalS 31 jsbate ol (ol il

—~

result += nums[i];
return result / nums.Length;

}

w‘ Coeod ‘ )jL‘> l?w‘ )s) 856 9»)
22,5 soliwl PArAMS I LSS o)lgs oo s (b ,o 50 =)

b8 ey las )T e lsies S8 PAIAMS (050 S, g -

private void buttonl6_Click(object sender, EventArgs e)

{

double avg;

testparams cl = new testparams();
avg=cl.Average(1l0, 17, 70,80,47);
MessageBox.Show(avg.ToString());

double[] List = { 15, 8, 6, 12, 77.5, 73 };
avg = cl.Average(List);
MessageBox.Show(avg.ToString());

}

44.8

oK

31.91 66666666667
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System.object
: Reference type ¢ Value type wglas

b Gl ey 4 (28 i g wie o 4 ad eslie )b aBse leValue Type
S Wy g WS o0 (5 e lagSl 90 1) 953 (yp0 ade 5 Wsd e Jlu )l lade
LRef Type Ll .culs valgss Lol ools 0 (gpmid 455 md ke slacfosS,] 59,0
&y » &S Ql*f:%-"' PUL bny Webie Jlojl gl f b (Jglp Ojpmm (28 i 9
Boolean Single 03l (g5, y Sl e (yg)0 piS A3gS B Azl [ Wgd o ooliw,d adl e o)l 4 gl )
5 STACK (oS i Ceond 90 @ |y aslipy SO MEMOrY §1 ciliS salg Lol
Solis opl b Jy dgd e 0 StACK o Value type aea & 50 ol ,o .heap

hai Enin S &y 0 5095 = 5lS5 heap » I Instance LReference Type s a5
Reference ks bheap < .ol j> cos sz o 0alys Stack s as

(S)Byte Double

(U)Int16 Decimal
) Thestack | The heap
(U)Int32 Struct

Jhe Usine SR The reference types

(U)Int64 Others

SE—

Pointers to

} Value
types
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partial b, isw b WS

B 55 5 i b g 53 1) S S szl il e Pt (sS4l 5 oolicil L
Dbl QS bl ase ol slad asiul byt aims )18 4ilSlaz
partial glo s ;i oolicul gbl5e

Person1.cs ol 63b) e Sl 3 SUlgs aalidl -
Az om ol wlgie ol S 5 lodzy O sy bk ST -

Compileto RO P PR LT XU PE L RC LN PARC P PRV 0o

one single g sl SSlegl Sy S (25 &5 ol Wl 2y Les Y

3 1, (Windows Forms, Web Service) jsuuy cos slaps oS Jio

class Corly o st Jlasl a0 0 S S g5 e S Dyg 45 oo

bug o o5 Ceond 0 (o0 bl Sigdng pR S By Jle ph d9do
S 0yl g allla LB o Cuvn o ol 4 by e 5 09b 0 4y DESIGNET
Qb bl gasblos oS ol 5l peng oo bo 45 (60 095 0 el

Sl PriVALE liogas gl)ls a5 la S j idu wuilgs oo WS iy a5 0 -
oy 9 s 4,5l eS SS& el PUDIC Slaogas gl s a5 asw 3 1,
S oo Sl ST G e
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operator overloading b b SKlos w g3l

uLJJj} 45 w‘ QS'LQLJ”")*S LY Ja.uJ.o 45 d.a..S ga.:]u @lmoperator Mé‘sa O)L>‘ Lo...u LY U)L.nw

@ @ I/’\ s oe,5 overload b osdise «us operator overloading awg, ool 4 .ujle o
' operator p! as 6,5t .aS o adlal lsgs OIS 4 Loperator o 5,15 L operator

+ / il Solite LM 3 gl ol e 5 ol eSS s alS 0,08 o Lat oS (55,0

@ @ o s S 9938 sl + Sae | Cunl (e S (0 By paS G Cand S0 5 (LS Jle lgrea
S 0958l lp+ Shee 5l Casl (S S o 2] 1) StACK a5 oS a8 soliinl cancd Ll

S ool Eiglise SalS jeboas + Khae 51 ol 5o 500 (NS .S ool iy YU £ b
O 0,8 Lo aSL .ams ed Cewd 1) (B0g3 aBly slie o o overload Slos S a5 K
Qe SO o938l lp + Sles o5 overload (Ul Glgean) iyl ply .08 oo 009381 WS S 4y
S pmmo 338 93 43,5 sex sl OPErator ;1 o Slee 45 3gi b Judo (sigm ] slo!

| fl |
\ ' RVly
@ N G ax LS, jsbas s s o5l s 4 a5 el | Operator overloading Lol . 5.

255 oo TYPE EXIENSIDINY 1 &, a5 Sy ol S sl 093 ity Luoms 3 1, i
el Oyl sl S o poie,a 5l S, Operator overloading a5 col 53 LG
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b Slos (om o33l (LS S

oy (5395 WIS 4 by e ol Jee SO slp 45 ouiS 0 ooliiul OPErator method X i x5 gl Operator sols sadls ;i Slee s (40,5 OVerload gl
D9 s

:3,ls 5425 Operator method ;l > oo

WS e overload 1) o145 o Khee oyl 8 sutow pj yo |y plaS e S 03 olgs sla,Slee DiNary operators (2 3 S5 sl Slee Unary operators ( 1
N Hles goi 5l cdel Lol ol o9 yo 5l wiles o FETUNN TYPE ax ST .05 aalss FETUMN oS ol (5)l0ke g45 (go0isS asein FET-TYPE 5ai 0 OP (S5l 1 L+ Jio
Gy 095 0 oas OVErload sle Kee i ooliwl oo, ceb (DS i b FEtUrN type oy (LX) bls,)l ol 055 OVErload 1 s operator as col
asls axg b3 walys 3 operand2 soperandl cud s lassslee dabinary operator iy .o .5 o 3 operand cua.d o sskee laUNAry operator
sl static .» spublic .2 L Loperator method 45 scib

Sl 1y ol ow slOPErator wsly o cplply .asb LSy 998 o cin s o] jo Operator & .3 ss L wb (Operand)sstes g5 laUnary operator s
ref ;l sl operator parameters asil Koo sasSs oS i, SHNG it (ol 1+ Khoe ooz ailys sos (Jlin (sl oS iy po5 wlais s o bogs a5 L
S eolawl OUt 9

/f General form for overloading a unary operator
public static ret-type operator op(param-type operand)

i
h

f/f General form for overloading a binary operator
public static ret-type operator op{param-typel operandl, param-typel operand2)

i
h

/f operations

/f operations
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b ,Sloc wogiib sl p Jlao

class mydate

{

private
private
private

public
public

int _vyear;

int _month;

int _day;

static int[] endofmonth = { @, 31, 31, 31, 31,31,31,30,30,30,30,30,29};

mydate(int d = 1, int m = 1, int y = 1394).. ]
mydate(mydate x)[:]

int Year [:]

int Month[:]

static mydate operator +( int n, mydate x)[:]
static mydate operator++(mydate x)[:]
static bool operator >(mydate x, mydate y)[:]
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private void button2 Click(object sender, EventArgs e) il o s glils el pouws s oS cds
{ &93‘5lﬁ+)ias45w|JﬁJad|QUa>’Q%l
mydate d1 = new mydate(28, 5, 1394); oly o el 0ts a5 Mydate s
mydate d2 = new mydate(); 25 JS& 4 Mydate oI ¢l + Slee

d2 = dl + 7; _ 9 9 955 (oo Srbp S oS sl
Messa (local variable) mydate d1 lStrlng(}}; w...._f e ounlin ‘) MU).}

Error:
Operator '+' cannot be applied to operands of type 'operator_overloading2. mydate’ and 'int'

public static mydate operator +(mydate x, int n)

{
mydate t = new mydate(x); d1= 1394/05/28
for (int i = 8; i < n; ++i) d2= 1394/06/04

t.increment();
return t;

}
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T dos (o g3l aold]
private void button3_Click(object sender, EventArgs e) |y ohed aeli s 45 Sgmge sllas +,Khas ossish
{ g Slee 5 s asliy 51 Ll 5,8 Bk,

mydate d1 = new mydate(28, 5, 1394);
mydate d2 = new mydate();

o > 4ol saoe wlad oolainl Jlas JS5
Ko 4y vazme 1)+ Sae i o8 (6l a0

oo : ol Ghg) llmlplo oS (o0 (o9l )
Messa struct Systern.Int32 :Str‘lng()); Se ool L ol cosls £
} Represents a 32-bit signed integer. Rl Srd brlr Cools Slos

Error:
Operator '+' cannot be applied to operands of type 'int' and 'operator_overloading2. mydate’

public static mydate operator +(int n, mydate x)
{
mydate t = new mydate(x); d1= 1394/05/28
for (int i = @; i < n; ++i) d2= 1384/06/04
t.increment();
return t;
}
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&) abauly 1 Slos (o 9331

L true Jluie cos Overload gls!l, Slee G (Jgone jbas a5a OVErload Sslua aslyg » < L == 2o (Relational Operators) gls!, s Sloe
Slaa ojlse ol jo 108 eolanwl bys slacsle jo gl 5l let g e Laas lakal, slo,Xlee o)luilinl 5, |5 5 > a5 o oplas S o FETUMN |, false
yeba | relational operators b a5 coul>pl ;508 wpe a5 .00l0,S sgaze |, OPEIALOr cpl o, S o 4 wsS return 1, o, 5s e bool 5 slie
o (7= 15) 4(>= <=) sloperator d, )5 oplous overload 51, > sl s s overload | < 31 Jlw olyea ous overload o

public static bool operator >(mydate x, mydate y)
{

if (x.Year > y.Year||(x.Year==y.Year && x.Month>y.Month)||(x.Year==y.Year && x.Month==y.Month && x.Day>y.Day))
return true;
else

return false;

}

public static bool operator <(mydate x, mydate y)

{

if (x.Year < y.Year||(x.Year==y.Year && x.Month<y.Month)||(x.Year==y.Year && x.Month==y.Month && x.Day<y.Day))
return true;

else

return false;

}
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— a++ ’S,Lo_: o g
public static mydate operator++(mydate x) 9 CSLQ b

{
mydate t = new mydate(x);
t.increment();

SIS el plal ey — g ++ o,5 Overload ols o o
L s FEEUMN 1, 7 5 e uals L Gilidl | Jado a5 o
Koz jebar o)l ow ouas s l)operand cloh Hlade wuls

return t; ) .
} S8 oo b 0 et sl | prefix spostfix glacdl>
private void button4_Click(object sender, EventArgs e)
{
mydate d1 = new mydate(27, 12, 1394); d1 = 1394/12/28
mydate d2 = new mydate(); d2 = 1384/12/27
d2 = dl++;
MessageBox.Show("dl = " + d1.ToString() + "\nd2 = " + d2.ToString());
}
private void button4 Click(object sender, EventArgs e)
{
. d1 = 1204/12/28
mydate d1 = new mydate(27, 12, 1394); d2 = 1304/12/28
mydate d2 = new mydate();
d2 = ++d1;

MessageBox.Show("dl = " + d1.ToString() + "\nd2 = " + d2.ToString());
}
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CONVETrSION b g4 ok smm 393

operator wx> L < 9,5 overload s)lse can o .cul 5 6,500 sladata type Juls a5 ass solicl S)le 10 oM S5 b 5l ounly> oo @dlge Sy
bods s o)L o e)lge 5l aiws ol plosl gly ol ULk 0550 93 a0 (WS £55 3l ool baud SO o )b 5L Ladh &S (g5 (21 Lol aws ploul Lol (sl 1) )1 ol Wilgs oo
g8 o 1) L W)W 5l - o o Conversion operator .sgs . oot CONVErSion operator « o ;L. |, operator method ;| ol g4 sas o o5l
el iy S @ by ] S 6,8 a5 eXplicit simpliCit ool 53350 CONVErSION OPErator ;| cl> o005 o o cowl bk e aS (6,50
Conversion .ol hos 5l sx oI5 e Value § oS hows ol 4 1, SOUICe-tYPe o s aad a5 cul g ouisS Lasin target-type Lo, o
(35 o returmuil 5 . 5L target-type L sl 1, wledll Operator
S bolyen Sle K jo eod oS A e i anls abl SSlegil &y g0a CONVETSION (plpls wei asie IMPIICit jsba, cONvVersion operator s
ol LS 0,90 CASE &5 alKin oplplo il oo c 5 €XPIICIE &jg0a CONVEISION a5 Lo el ol o target-type ¢4 5l 50 data type
[, conversion 51 .. w1, explicit simplicit .» target-type ssource-type <G lp auily oo 45 asS axg5 058 0 Slo>1,8 CONVErsion
S =B wb explicitl, iMpPHiCt o olsl ly (oilsd cnl podle sl Lo 3590 CASE 5 09 o plonil Silogil &g o S i a5 @XPIICHL j5boa,
aib zn Yol S g95m o9 90 cnl 5l 0,0 ! 9 olisebl cenS (gl il Uas 5l g)le MlS baus o5 0,5 13 solatal 0,90 Sbe; wb implicit conversion
| o958 9 ol Wlgis CONVEISION 31 .005 acliy ,o Las b €XCEPHON 35, ceb wuls oo Lol wms &) wls Gavg codle 1oss oy osjboclisS o) Sledlbol
S o 0y EXplicit conversion jlub s cole,

public static operator implicit target-type(source-type v) { return value; }
public static operator explicit target-type(source-type w) { return value; }
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Mydate Jto lp g Jooud o o3l

public static explicit operator int(mydate x){

int n=0; 5 09 oo plol Siilegil & ygma bows WS i s EXPIICit sba 1, CONVErsion 3
for(int i=1;i<=x.Month;++i) el 5Ls 9,50 CaSt
n=n+endofmonth[i]; Jios e o IMplicit Lo . target-type s;source-type <, oy asls o
return n + x.Day; .A%qufsexpﬁch
} S o Object cesls g4 4, 1, ClAasS type wilg o3
public static implicit operator string(mydate x) 45 2l (@8 plen izl 2l CONVETSION 7> §ourc?-type L bype
{ 5 511, Nt double o oy e Jle sl .ol ol i ,a5 1 0 CONVErSioON
return x.ToString(); S oy 5
}
private void button4_Click(object sender, EventArgs e) private void button5 Click(object sender, EventArgs e)
{ {
int a; mydate d = new mydate(22, 4, 1392);
mydate d1 = new mydate(22, 7, 1393); string s1 = d;
a = (int)d1; MessageBox.Show(sl);
MessageBox.Show(a.ToString()); }
¥
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false ¢ true o ,s wsgisl

operator ;| gous OVerload sas.s .os,.8 |5 soliiwl 3,90 0,8, OVErlOAd slkiieas UNArY OPErators lgca sily o 5 false strue sols s
df 0,5 J5sS Gl oo ol sleal 5l ol o cigds o OVETIOAd DS S (ol TalSe strue a5 olKis gi oo (s5looards sulo o iy & (oD @ 4z L
S ol ? pien o dO-while swhile  for

lag,] S o3 5 aiwa UNATY OPErator Lol so0 0 .05 OVerload | oy, 5l S i ol sos 5 2gs OVErload ol Wb false strue WOperator
A3S e Feturn 1, bool jlace <G e a5 asS cds ol 1 & g0

public static bool operator true(param-type operand)
{

Sf return true or false

H
public static bool operator false(param-type operand)
{

X

Sf return true or false
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false ¢ trueyo,s wsoizl Jlw

. : . - Mydate 1 s |, false § true el ass 53
private void button5 Click(object sender, EventArgs e) .y fﬁy5‘5ﬁ S L o e 3 peRle> Oy _ﬁﬁ
{ a3l 699 58 Jlo sl 35, (s 4 b S oo TTUR a5 05 sl

mydate d1 = new mydate(1, 1, 1395); s Jlo ol 59y Jolae G (o8 5 sl e o TAISE
if (d1) s aab, falsey true cwssb ov oS o canlin a5 jshilen
= _ I, false; True slo Slee Mydate (IS (9,0 45 Syge 50 Ll syl
(local variable) mydate d1 _ . . .
) 23,5 (oo B p M 035 mrgiih pj B 4

Error:
Cannot implicitly convert type 'operator_overloading2.mydate' to 'bool’

private void button5 Click(object sender, EventArgs e)

{

mydate d1 = new mydate(1l, 1, 1395);

public static bool operator true(mydate x) . if (ﬂl)
{ MessageBox.Show("Happy new year");

}

return x.Day == 1 & & x.Month == 1;
}

public static bool operator false(mydate x)

{
return !(x.Day == 1 & & x.Month == 1);

)

Happy new year
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Aol aiils Hbls 4 b Sos (6,105 ,0 pw p 52 1) 55 35190

Operators Overloadable
Unary cparators Yes
oy e, e, —, brue, false

fes

Binary operators
+, *, 8,

- &, PRI € S

Comparison operators

— lem,

< - -

Yes, in pairs (e.g., If = is overloaded, >
musk be too, and vice versa. Note that if
you overload == or 14, you must override
the Object.Equals and
Object.GetHashCode functions.}

Conditicnal logical operators
LT

Mo, but they are evaluated using & and |,
which can be overloaded

Array-indexing operators

Mo, but you can define indexers

Cast operator

Mo, but you can define new conversion
Cperators

Assignment operators

e, e, S G, e, e, R

ol

ES

Mo, but +=, for example, is evaluated
using -+, which can be overloaded

Miscellaneous operators
-, ., 7i, -», new, is, sizeof,

typeat

No

~S0verload U5 1)

Binary Operators
+-*/%&|’\<<>>==!=><>=<:

Al Hasad Y sl Slae Leii -1

Unary Operators :
+ - | ~++ -- true false

23Lvoid N1 el Slee (58l Hr0ad 4 R IS sladie a5 -2
overloading ) 4S @i jasad 4t 8 HIS sleile K1 ) Sy Jilas -3
2l die gila GO 5 Sl ag) e S s She

Apd caypaistatic spublic @ sa 4 Al 4k e glatia -4

o 1) < o Hlaliie Ciis b W e (IRl 1) > )5 ) aS aBa -5

Al 518 b

sadoverioad s += 255058 2K overload 1+ Jbe ) 4K -6
g O (g0 (oo P8 45 (gL 5 il



Base Class

Derived Class

=
o
=
i,
o
on

o0¢

Y
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Inheritance g e, (bl

g on ol yeabidi O ygots IS Cle corge a5 Cul |5 8 giaslp ool Jeol 51 S INheritance
inheritance ;| oolicwl b S o oolinal INhEritance ; sLss LYo a4 1585 cwgasbpy slagl; caen
il o e ool bdpe i Wiz 53 wiilyie eSS () o5 A G pel (S s S b S O S0 aliee
Obs 5o e 8 gl Jlasl o |y cusliSy 45 (0010 5 958 ol JSes Gl by wilgie IS LS
a83 o plil ) (s piyl 45 LM g o)l ab (b Lo base class wys o g p)) ol 5l a5 S ol o
base gois olais! axus derived Class g, 5l 04d 0 sal (s Grie L) derived class
base ,s o a5 seindexer 5 property (emethod .(svariable L derived class .c..iclass
S e a8l 55 1) 095 4 pgate polie lacpl LS )0 g 0p oo &l |, ClASS

Vehicle |

O car [ Truck
Electric | : Petrol
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Types of Inheritance In C# <dlyg gl

1
I 1 1 1

Class A

A 4

Class B

Si

ngle inheritanc

Class A

:

Class B

I

Class C

e

Multilevel inheritance

Class A
y
Class B Class C Class D
Hierarchical inheritance
Class A Class B

Class C

Multiple inheritance

i)l o o Sl sl

Single Inheritance xI%, cal,y ©

Multilevel Inheritance b ai> cilyy ©

Hierarchical Inheritance sl aulo cilyy *

Multilevel Inheritance <o cilyy ©
(using interface)
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Inheritance g e, (bl

P O, a8 gsac oo b, ol dl> S

Gl 5 5l S Lael ) 0 50
e, aiee lhgeails g Dlasalg 8
ae)ls b ail sele coe glacl wily o

Ll b e aiilgi oo sale cnn slac! ool
Y 1IN RN TS
Juso by bads ST Jbe ol ol 1585 als
<, Employee &5 b0 azgio oS
L el CommunityMember
/d \ &ly s .cwl Faculty <, Teacher
sl W .CommunityMember
Faculty Staff s Student .Employee ., s
ol p o epdle  .cwl  Alumnus
/4 B\ e W ;. CommunityMember
AL 5o LS Koo pled (gl poltins d
Administrator Teacher el CSlpe alds

CommunityMember

Employee Student Alumnus

class diagram showing an inheritance hierarchy for university CommunityMembers.
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Shape g pe,l bl alwdw

(amaw sla o) ThreeDimensionalShape g (saxge slaJsiz) TwoDimensionalShape sla oSS .05 o 1] Shape e (M L ol alads !
ol 5o el gaman 5 gamgs JAI | asein glgl 51 S sl il dlidis (] pon e AL (SnrA b gaxge L b S5 :..\3‘0\.\.;5 o Shape L oIS
JSo S (o) Sphere G sl s (Shape) col JSo o g gomgs JSo o (i) TraNgle o6 wiges sl 0,18 0929 1S-A alal, (i (WS ol abudw

Shape
TwoDimensionalShape ThreeDimensionalShape
Circle Square Triangle Sphere Cube Tetrahedron

class diagram showing an inheritance hierarchy for Shapes.
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by 3l ol Jb

S JYo 4 15 b gialp slapl; shen 0gd co (ol peabidis & jgods b WIS Cile comge a5 Cul |5 L5 cmgiadl p soln Jgel 5| G INheritance
0ol L e e w0 aiilg ce o Sy onl a5 0 G Shy s o b S5 M G auslg wINheritance ;f eolical b oS« oolicl inheritance ;)
Sl O o (M Gl by > 00 3 gl Lol 53 | CenliSy &5 (60 fse 5 995 il S5 oM by Wil 5 IS ol Bl S i
s derived Class g1 5l .0gs oo 0auels (oais Giive (WIS derived Class aes o sl 1) (s iyl 4 oIS g 5508 o (0L )I5) base class wss
spe &yl a |, base class p s e slaindexer 5 property (l=method (evariable <L derived class .c.lbase class ges olais!

S o L) 35 1) 093 4 pguatie polic lacp! LS o g

I Person ]

I
I I

[ Student ] r Employee I

I I
I | I |

[UndergraduateI I Graduate I [ Staff ] [ Faculty I
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<alyg ) eolawl fygun b WIS Sl

lxe slo podlS a5 g 92nils Cudgzrge (sl a5 )90 50

class Student Eaose oyl ail oo (6,50 WS 5l gl idu S ol

{ s (5SS (D A B s 5 (550)ked e
string name; Sy oo
int age;

public void Birthday() { age++; }

int id;

repeated code

class Employee

{
string name;
int age;
public void Birthday() { age++; }

double salary;
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Inheritance g e, (bl

s 5 0y &yl |, o] Employee 3 Student gla wMS 5 peas 51,3 o1 50 1) lacasgage IS jin g 0uiS sbo! PEISON (oMl 6 puilys oo 9uiS o oanline 45 jshailen
flmil (630 @)l b,y cnlas g ol S3 al WIS ab 1 SO L LIS b 5l am 45 i o 0S80 G sla ST 05 4 4SS 90 40 S aBlal T 1) 095 polais! la sy

base class——>

{

common code <

class Person

string name;
int age;

public void Birthday ()

class Employee

double salary;

{
age++;
}
}
class Student Person |<«— derived classes —>
{ {
int id; <—derived members—>
}

}

Person

St

Base Class

Derived Class 1 Derived Class 2



base
fields

derived
field

object has
all fields

class Person

{
string name;
ingt age;

class Student : Person

{
int id;

Student s = new Student() ;

name

s P age

id

5 b polz G jgel
ol (o o
faradars.org/fvcs9404

a.‘)s )° I. ‘b . * e

W sl oIS il ples s goi 51 SL!



inherits from
all ancestors

5 b polz G jgel
ol (o o
faradars.org/fvcs9404

Multi level Inheritance s e il

class Person

{

}

A Ny

class Employee : Person

{
}

class Faculty : Employee
{

}

o)l ) et IS w5 Jlte plyte 4 0Bl (e wiz il 5 )

.oﬁ@a)lql)m)lfu.:)ﬁ‘solc ui.,.bya.c U,DJS

| Base Class ’

Derived Class

|

| Derived Class l
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class Person

{
base method ——> public void Birthday ()
{
age++;
}
}

derived object —>| Student s = new Student() ;

call base class method —>| s.Birthday () ;

oW (ogee sladie iy e Fie g9 5l SLSl B b
Wl e 3 Al G (seges sladie 5 oS SleS13 1) aly
Gzl g)ansl asb pwpws b oW gl den @
Gade SWS 4 Buie WIS 5l z)l 0 plply (eelaisl
dod 4 poilioe Flde (O (b So Il GO sages

ol AL i aly IS sl



base fields likely
require initialization

base supplies constructor
to perform initialization

class Person

{
string name;
int age;

class Person
{
string
int

name ;
age;

public
{
this.name
this.age
}

Person (string name, int age)

name;
age;

{

base fields —>

class Person

string name;
int

}

age;

{

derived field —>

}

class Student

: Person

v id;

construct
Student

—>‘ Student s =

new Student ("Ann'", 23,

12345) ;

Elgy

Dame }Personpaﬂ
age
id }Studentpaﬂ

call Person
constructor
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Constructor and inheritance

asly o laderived class ,» 5 base class so (spo) Cilpealds o
Alas as wlice ogzgas Jlgw ol brepl o axal awsls 1, olssgs cONStructor
L <l base class s 5,1 $cul derived class - s xsle Jse CONStructor
base class , a5 slCONStructor #&ly ,» $55,2 L %)l 1,5 derived class s a5
«wl &8l derived class s a5 slconstructor 4. & G base class iz o )ls I3
Lo ol ilate IS opl a5 W gd o dxgie 0 axgi 51 .55k s |, derived class cus
50l 5l o,lu derived class s, jolie I oMbl 5 wyiws o base class
s default constructor ;I L3 slo e ;o .aib alBla> wb sl constructor
la S iy Joe 50 Lol ol o soliiul Wigh o axsle o)l ow lawg Silegil & 90
S e i a3 CONSTructor

class Person

{

public Perseondstring name, int age) { ... }
}
class Student : Person
{

int id;

public Student (string name,
:base(name, age)
{
this.id = idg
}
}

int age, int id)




call Person
constructor
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base class gkconstructor lgs!,s

S saals 5 derived class ,o CONSIructor 3 cyols s &b 3 1) el s ci a5 plDAsE class » a5 slconstructor wlgs . derived class <,

class Person
{

public Person(string name, int age) { ... }

}

class Student : Person
{

int id;

public Student (string name, int age, int id)
:base(name, age)
{
this.id = id;
}
}

&y s Jbase

el ISy ] (asdly b S a5 S )8
derived-constructor(parameter-list) : (arg-list)
{

/I body of constructor

il axsls a>g5 30 COlON (33,5 13 sogou 4 .ol DASE ClASS ,s CONSIIUCIOr jLs 5,50 sla@rguMeENt souiss asie arg-list >l

base wis o oslasl base cuds sadds 5l derived class < a5 oS
5 oedoe bgye derived class YL base class . 5oy 4 budiws
Ay a4 DasSe WS o eolitul gpd)l Cilpedldn 5l A eSin cg0p!
ool base j 31 o5 sl ge>, opm; ol 0 base class
A3 asles > base class s 3 i constructor «sss
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No Multi Inheritance

Jdo @ alfas cilg 5l 0,50 Slaiy o)l 1) badauly sgamals slass 51 6 &l ISl (WM SO aldl 0gd cob Slaiin Lo aw b 4o Lo WSl o il
e Yol a5 oS SO (6l s 28,5 eoliiul calize slalnterface ;1 g o (ose jo ool (Sauzmn 5l 6xSsl> lp s CLI o ol ol s)lers Slaal
sgest(Implement) ;e ool 1) Lawly cpaia olgi oo ol 5o (oS

class Student : Person class Employee : Person interface A interface B
{ { { {
Y 1 }

} }

error, only one
hase allowed

ClassC:A,B

class Graduate : Student, Employee {

{

}

} 1reference
interface Teacher

//interface body
¥

(teocher | | Musicion_| rertece e
{
//interface body
}

Oreferences
l * " class MusicTeacher :Person ,musician, Teacher

{
| Cosner | - /chass oty

}



protected member ——

class Person

{

protected int age;

}

derived class
allowed access

class Student : Person

{
public bool Eligible()

{
if (age > 18)

}

error, other code
not allowed access

class Registrar

{
public void Process ()

{

Student s = new Student () ;

if (s.age > 18)

@t toed gl 590l
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Protected

omle Sl cbli> mhe G esuS as,e protected .o
Glie WIS G glacl el private 3 public  sle oo iws
ol jleas e WIS ja 0 b L (WM 0 Lais aslys o Protected

W55 8 e 5



base class field —>

base class method —>

field with same name ——>

method with same signature ——>

class Base

{
public int Field;

public void Method ()
{

}
}

class Derived :

{
public int Field;

Base

public void Method ()
{

}

{

government assigns
id to each person

set method for person id —>

{
}

this.id =

class Person
int id;

public void SetId(int id)

id;

Student derived
from Person

class Student
{
}

: Person

Student object —>

invokes Person

—>
class setId method

Student bob = new Student () ;

bob.sSetId(12345) ;

university assigns
id to each student

set for student id —

Student now has
two setId methods

which one called? —

Hiding In

class Student
{

int id;

: Person

public void

{

SetId(int id)

this.id = id;
}

}

@t toed gl 590l
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nerited member

a5 a8 G, 1) seae Wl e derived class
asb plbase class slacl 5 o &b alie
» base class g ] widl Bl o a5 olKin
Syg0 ool &5 Il 0 048 o s derived class
Ogbiged 0yed o> )l » (S Bbd

J S Sl geols lad 4 Jlaie sy S SLLAS
Loy aad Slojlo o e b1y Lods 990 sod 00y Lacl

Student bob

new Student() ;

bob.setId(12345);

base la! 3 s ey el ool oyl
P2 AL Jase &, jshiew wyps Class

oS sasls ) g2 ] i, o derived class
S oolatl pl oS ail acsls cdo oS colaiw! NEW

{

label with new to
acknowledge hiding —
of inherited version

}

class Student

: Person
int id;

public new void SetId(int id)
{

this.id = id;
}

ol 2 ob 3l le o] 5l S > L New
el Dgliie 038 S o




call base
class method

base print —>

derived print —>

call base version —>

class Person
{
public void Birthday ()
{
age++;

}
}

class Student
{
public void Advance ()
{
Birthday() ;
}

: Person

class Person

{
public void Print ()

{

}

class Student :
{
public new void Print ()
{

base.Print () ;

Person

&35 (s ol 3901

bl w o
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Invoking base class methods

P ool alas s 4 a5 el base class ;) olacl 4 cwyws sl DaSE Glas,y 5 3 S
Ko ol wlie &5 WS s | geae Wl derived class s salie L derived class
derived ;s base class sac gl wil Sl s a5 LKe asb xlbase class glacl ;)
SO LS oadged 00y U )l sy (SuST Bl 0590 (pl a5 Jljo 06 o3 sasaClass
bosl opl bad auad ST.05lo oo b 1) Lo g sod oaus Lacl 5l So aS iyl 5l g ools Loty jloiis sl
,o derived class ;o (LLals oce g8, sk woss Dase Class glacl 5l S oois sas sl
J_Lg NEW ;| soliiwl jobopl a5 auil atsly cds oS oolitwl NEW sodS saclS 5l gac ol oy yas
thIS LY c\.u....d (§og9> & base )| ool .ol usl&h.n mo;so oolaiwl SGMJ U"?L“" 6‘).' U] )l as ‘;Jl?
25 JSa a4 Dase ;l esliul (sogmi 035 0 £9>, DASE ClASS 4 aien DASE o5 wgls ol L ol

:Cwl
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private
prlwate
prbwate
private
private
publ s
public
publ i

public

it e
public

publ i

pils] i

class

[

pr
"
o
or

or

L or

public

public stelr
oublic

pub |

lvate

string Firytnaes;
string lastnamm
sbring soclalsecurliynusber;
double grosssales;/ Manthly

double commissionrate;
string Firstname
string Lastnme. ..
string %oc ialSecwrityhusher,
double GrostSales

doiihle Commissionfate
Commissiosemployes(string fm,string In,string ssn,double sales,double rate)

double Carnings{)
return CoemlssionfRate * Grosshales;|

e ide steing TaString|)

vale string firstneme;
vale string lastoees;
ivele atring soclalsecurltyoustior

ivale doubile grosssales,//Monty

dowble comelicsionrate;

vate double basesslary;
steing Firstrome
string Lustneme

# SoclalSecurityluster
double GrossSales

ouble Comissionfate

public dowble BazeSalany

public BasefluseCommissionteplovee(string fn, string ln, steirg sea, double sales,
public cowble Earmings()
rc’.u'n‘lba::hlar"- Lomeissionfate * GrozsSales,

ride string ToString()

Sy <yl

Souble rote ldouble salaryd
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{ LM# GM})-)
private string firstname;
private streing lastname; faradal's-org/fVC59404
private string socialsecuritynumber;

private double prosssales;//Monthly W ' . ".‘ /’.’ .‘ * . ‘
private double comissionrate; wa OL”U )«b (L )9 ‘;)43 ) Oélw
* oo .

public string FiesUnoms:

public string Lastname. . . j e Az < o LF‘ 2
public string SocialSecurityMumber 5 a5 S e olbxiBasePlusCommssionEmployee ol
public double GrossSales Jie opl o el eas sie CommissionEmployee s
public double CommissionRate s BasePlusCommssionEmployee <
public Commissiombmployee(string fn,string ln,string ssn,double sales,double rate).. u*’yS LSL”%J-?G as |)?:, s Comm|s|0nEmp|oyee
public double Farnings() D peo gi;)l Y |) CommiSSionEmployee
i return CommissionRate * GrossSales;
public averride string ToString() CQMMi”ionEmplm

class BasePluseCommissiomEmployee:CommissiomEmployee

{ BasePlusCommissionEmployee I

pr‘lvate double basesalary;

publ:l.c double BaseSalar‘yEI

publlc BasePluseCommissiomEmployee(string fn, string ln, string ssn, double sales, double rate,double salary)

base( fn, 1ln, ssn, sales, r‘ate}g
publlc new double Ear‘nlngs()lzl
publlc override string ToStrlng(}El



class ClassA

{ PSR
h&éiiz virtual void SayHello()
¢ MessageBox.Show("SayHello() in ClassA class.");
¥

;iégéntlassB : ClassA

{ cfermnae
h&BiiZ override void SayHello()
{ MessageBox.Show("SayHello() in ClassB class.");
¥

b

class ClassC : ClassB
{

}
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virtual s ass a5 sbiles ol axsls virtual method 1 1, sess
S aS olKin o9 oo iy VIFtUA ol saads' L base class ,» method

override i wb wsi o iy, baxe derived class s virtual method

,o virtual method suse s awgy oplple asS oslesl modifier

S o, override s%s ..l method overriding |, derived class
virtual method L sl 1, ;T slaal b 5 return type wee el wb wie
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W oz e plyieds S eSS ]y (IS 02 cnl Sliiz 5 sy laClass
override |, s opl Wb lederived class 5 ws o jasin 1) e S cunle
Ao sl S ate ol slp & ol g5l 50 base class sys Ll ans
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abstract class myclassl

{
int id;
bﬁﬁiiﬁ abstract void funcl();
bﬁﬁiié void func2()
{
[ eeennn
¥
¥

&iééé_myclassz : myclassl

{

ﬁublib override void funcl()

{
¥
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abstract Method & abstract Class

519 8,k «w abstract method .s;e . 4x5L. abstract modifier | abstract s <
I, abstract method ., wU Lu> derived class ..o aslyss |21 base class s, 5,0
dslgs oo @Bl g Cewd 35 VIFtUALN S5legil o ,504, @bStract method <, .aus” override
abstract » w45 ebplen S oolitul s G e oL abstract  virtual
static slauie Iy wuly s 1, abstract modifier a5 wss cés .ol 5L 40 4 method

sl abstract ssly o 5o indexers 5 Properties .oss ssla!
Sy 0gd s ADSHract o jg0a Wb ail abstract we Gl min b o Jols a5 IS
abstract il class uds saads 5l 3 a5 cnl SIS abstract o pea (o5 G iy
3939 Jdoa)ogd |l S jsbas wilys 5 @bstract class as b1 oS eslawl modifier
Wil s oo abstract class i wslg o Judo fmeda (05l aiss a5 abstract glase
sleaie sl Wb WS o e, abstract class <, ;1 derived class & a5 5
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%:iéé,;ﬂassB . ClassA o8 Gy [ G Ky o8 ail aily cds oS eslinul Sealed sulS sadls 5l LS
ARRAAARAA Ml ol 4 abstract os asl> o5 x5 @bstract o son oo ¢ Sealed o jgou

{ sl 095 5] o e (sl odlS 4 atanly ail axsls LolS g2 aS ol (6l g Cans

Error List
T 'l €3 1 Error | 0 Warnings 0 Messages

Description &

€3 1 inheritancel.ClassB': cannot derive from sealed type 'inheritancel.ClassA'
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luke OVeErride ;| g5¢l> ol Sealed ;l ool

5l oim lp 5o Virtual methods s wily . sealed as col pl Koo asS

class ClassA syl virtual s < CIaSSA (IS daipl jo 005 13 solinul 5,40 oo OVEITIAE
{ 548 ola WS g0l 5l el sus S€Aled 4o 5 OVerride o ClassB M5 s a5
public virtual void MyMethod() s ol ans override |, MyMethod () wslss e ,%s a5 o s 2, ClassB
1; cwloas Sealed Ko
}..-_ -
&i;é; ClassB : ClassA
éégiéh public override void MyMethod()
{
¥
} Error List
;:;L;ét:;ClassC : ClassB T - | €3 1 Error | 0 Warnings 0 Messages
{ Description &

| i |
// I_E__r_\:or\' Mytethod() is geadey! €31 inheritancel.ClassC.MyMethod()': cannot override inherited member 'inheritancel.ClassB.MyMethod()' because it is sealed

bGBiiE override void MyMethod()
{
¥
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element-type this[int index] { Sed 6,8 INAEX )] S asle = 5 o was e ojl>! INAEXEr oS o ooliu! INdeXer ;)

// The get accessor JSoa gom G INdEXEr S p)8 ansl atsls s SO 3l i U S awly o LINdexer
ge ;E,- return the value specifiedsby i e 38 wspenl 5 ol INAEXEr Lo g5 oS axie €lement type Loyl 5o ol Lo
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data storage —>

set —>

get —>

class Polygon

{

private Point[] vertices;

public void SetVertex(int i, Point value)
{
vertices[i] = value;

}

public Point GetVertex (int i)
{
return vertices[i];

}

set —>

get —>

Polygon triangle = new Polygon(3) ;
triangle.SetVertex (0, new Point (0,0)) ;

Point p = triangle.GetVertex (0) ;
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data storage —>

class Polygon
{

private Point[] vertices;

{

FA

class Polygon

public Point this [int i] { ... }

A& & A

access

type this parameter accessor:

write —>

read —>

class Polygon
{

public Point this [int 1i]
{
get { wuas )

get { ...}
}
}

set accessor —>

class Polygon
{

Point[] vertices;

public Point this [int i]
{
set
{
vertices[i] = value;

}

index data

@t toed gl 590l
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Basic indexer

class Polygon
{

Point[] vertices;

public Point this
{

get accessor—> get

return a Point ——>

calls set accessor——>

calls get accessor——>

{

}

return vertices[i];

[int i]

Polygon triangle = new Polygon():

triangle[0] = new Point (O,
triangle[l] = new Point (3,
triangle[2] = new Point(1,

Point apex = triangle[2];

0);
1);
2);
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Index type

element-type this[int index] {

// The get accessor 52 wgyipl 5l ol INAEXEr jaic g5 o0 asuin glement-type AESSR N
get { N ) &8 opl .ol element-type gy 5l wil oo ws b INDEXET Lawg a5 s pate
, // return the value specified by index bgcking store . « l;>)Ua..a| JRRC ).Im o indexer i, a)al] X, g5 b
ol & sl o 8 (spate index «8ly ,o index sl .col (s (s o
!/ T?e set accessor sool)y iz i s (53ls 45 0uS A gl S e et |y 0Bl Ay o s
set 555 oo )8 enlil LT index L alas indexer a5 > 5 Ll wsl int
// set the value specified by index WSt ) e el t & SO —
} el gy 8550 ol o INL 1 ol
}
class Department
{
string parameter —> public Employee this [string name] ...
}

Department d = new Department () ;

pass string—>| Employee e = d["Ann"] ;




2 parameters——>

pass 2 indices—>

class Matrix

{
public int this 4lint row,

. s .

int column]

. .

Matrix m = new Matrix();

int v = m[1,2];
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entire row——

single element——>
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Indexer overloading

class Matrix

{

public int[] this [int row]

public int

this [int row,

. s

int column]

indexer o M o 6ly lysee
55 iy a3



class Polygonl

{

Point[] vertices;
public Polygonl(int n)
{

vertices= new Point[n];

}

public void setvertex(int i, Point value)
{

vertices[i] = value;

}

public Point getvertex(int i){

return vertices[i];

}
}

private void buttonl Click(object sender, EventArgs e)
{

Polygonl triangle = new Polygoni(3);
triangle.setvertex(@, new Point(10, 18));
triangle.setvertex(1l, new Point(40, 18));
triangle.setvertex(2, new Point(40, 70));

}
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class Polygon2
{

Point[] vertices;
public Polygon2(int n)
{

vertices= new Point[n];

}
public Point this[int i]{

set

{

vertices[i] = value;

}
get

{

return vertices[i];

}
}
}

private void button2 Click(object sender, EventArgs e)

Polygon2 triangle
triangle[0]
triangle[1]
triangle[2]

{
= new Polygon2(3);

new Point(1e, 10);
new Point(5@, 50);
new Point(1@, 790);

}
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class Polygon2

{

Point[] vertices;

public Polygon2(int n)

{

vertices= new Point[n];

}

public Point this[int i]{
set{ vertices[i] = value; }
get{ return vertices[i]; }

}
public void draw(Graphics x,Color c){
int i;

for ( i =0; i < vertices.Length - 1;++i )
x.DrawLine(new Pen(c),vertices[i],vertices[i+1]);
x.DrawLine(new Pen(c), vertices[i], vertices[@]);
}

}

private void button3_Click(object sender, EventArgs e)
{

Polygon2 recl = new Polygon2(4);

recl[0] = new Point(10, 10);

recl[1] = new Point(8@, 10);

recl[2] = new Point(86, 130);

recl[3] new Point(1e, 130);
recl.draw(pictureBox1.CreateGraphics(), Color.Blue);

}
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Polymorphism

Static or Compile Time

Method
Overloading

Operator
Overloading

Dynamic or Runtime

l

Virtual / Overriding
Method
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[ Undergraduate ] [

Graduate ] [ Staff ] [ Faculty

Person supports the
Birthday operation

derive student
from Person

add method —

Person reference
to student object

class Person

{
string name;
int age;

public void Birthday()
{
aget++;

}

class Student : Person

{

int id;

public void SetId(int id)
{

this.id = id;
}

Person p = new Student() ;
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Type Compatibility

Casting «; 55 o g5 ol sl g Wbl 5l M g9 51 ob S Bt L 5 5 5o
Dy s ploml (b O jgar g 0Bl (oo

Person a = new Person() ;
Person b = new Student () ;
Person ¢ = new Graduate() ;
Person reference
- ) Person d = new Undergraduate () ;
to any derived object
Person e = new Employee() ;
Person £ = new Faculty() ;
Person g = new Staff () ;

Person reference

to student object Person p = new Student();

Person method ok—>| p.Birthday() ;

error, no access to
’ —> .SetId(12345) ;
Student method P ( )
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Type Compatibility bl

) ozle b ite g5l Sldl )5l slacysgame o e
shas Shasl plod 0uS oo cdnlin a5 aisSlan @yl (WIS g4
Ko O‘?JQS‘Q ‘) J.v}...u‘sn QL’>L|| R 5‘““""" (.5"“;)”‘“%

el 0 ol S aie G ol 0,5 JLsyl CheckAge

MEHog, Works public bool CheckAge (Person p)
for all people (
return p.age >= 21;
}
Student s = new Student() ;

Undergraduate u = new Undergraduate() ;

pass student—>| if (CheckAge(s))

pass Undergraduate—>| if (CheckAge (u))




all employees support
the Promote operation

Faculty version —»

class Employee : Person

{

public void Promote() { ...

}

}

class Faculty : Employee
{

Staff version —>

public void Promote() { ... }
}
class staff Employee
{
}

public void Promote() { ...

nothing to do for
generic employee

Faculty implementation —

class Employee : Person
{
public void Promote ()
{
}

class Faculty : Employee
{
public void Promote ()

{
salary *= 1.2;

level++;
if (level > 4)
tenure = true;
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Method binding

2 Jsl by 09 o plosl DyNamic o Static g, g0 4 slosl 4 laase fols s
1l oles 53 p9s (b9, 5 99 ee ploml JLslS ole

class Staff
{
public void Promote ()
{
salary *= 1.1;

}

Employee

staff implementation —

void Evaluate (Employee e)
{
e.Promote () ;

}

which version? —>

Faculty £ = new Faculty() ;
Staff s new Staff ()

pass Faculty —>| Evaluate(f) ;
pass staff —>| Evaluate(s) ;
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class Employee

{
public virtual void Promote() {}

Dynamic Polymorphism
}
class Faculty : Sl a4 iSly (ol dhae oo Jab ploxib 0g2u 5l (3 ye Sl by
{ . . _ S dis el polymorphism b oo juis 0ldS aggie ooluss oo
; public override void Promote() { ... } ooy iliBes s wed o Jlol sLosl glyil 4y 4 Promote() Syse ol 5

mﬂﬁuf<5%%u§%'¢§5'~ el (GPu yam pagre axaailis gyl g ol
el LT T 6y b 5 GBS 85 oS (silosly 5 b (b

: Person

virtual on
base version

Employee

override On <
derived versions
class Staff
{

public override void Promote() { ... }

}

: Employee

new type —>| class Administrator

binding based
on object type

Faculty object ——>
Staff object——>

void Evaluate (Employee e)

{

e.Promote () ;

}

Faculty £ new Faculty() ;
Staff s = new Staff ();

Evaluate(f) ;
Evaluate(s) ;

{
}

: Employee

public override void Promote() { ... }

generic code
unchanged

Administrator object——>

void Evaluate (Employee e)
{

e.Promote () ;

}

Administrator a = new Administrator () ;

Evaluate(a) ;




Facul ty object, Employee reference ——>
can only access Employee members ——

error, no access to Faculty members —>

error, no implicit
conversion

cast syntax——>

access Faculty members——

operator as ——
test for success —>

access Faculty members ——

Employee e = new Faculty() ;
e.Promote() ;

e.level++;

void Evaluate (Employee e)

{
Faculty f = e;

e.level++;

void Evaluate (Employee e)

{
Faculty £ = (Faculty)e;

f.level++;

void Evaluate (Employee e)
{
Faculty f = e as Faculty;

if (f !'= null)
{

f.level++;
}
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Downcasting

5l €0 & Faculty L.> ;| Reference < ol cos
W oo g, "ogesss wo" Skl ax EMployee g
Aol pn s (Faculty) 5 o8l xhw 4 (Employee)

29 S fSl (o ye - IMPliCIh 23 i o o
ol s wwe pll 1) S pl aslesn Ll aSlS 50

age aCasting L 1, 15 ol cdsins (EXPliCihls! o

UPCASTING

Person

¥

DOWNCASTING



test type of object ——=>

void Evaluate (Employee e)

{
if (e is Faculty)
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Type testing

E8 ) o SO LT AS ol asis olg s 1S Klhee S5 w

oLal Faculty Lo g5 J (22 4 asb . employee 4l
WS

RN

Object is compitable
with given type

~
SIS N

If Yes retruns not null .
. if No retruns Null
reference pf same object

NS NS
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0y w3l eolatwl b Galo S 1s gy i 16,2, JUo

O P VI T Y= h G-Y SN YRR KOS L S PR g

Bi SO A Slae)lS rleads i atws ez 4l )8

A QS b, aas o 5 olels 5l & ol

Empl. : C ) PRANCS) ) o =
mployee Employee class is abstract; win Jsb 0 o) ailol 5 )5 ceele oluly a5 Sl S

displayed in itali
/ T \ isplayed in italics bl a5 a5 S e 2l o gsi> cels Fo Ly slibe
b Ggi podle o Jlaia)lS 5 S 0 28l 0 Ggi g

SalariedEmployee CommissionEmployee HourlyEmployee S8 0pSiee B Wl 4 GseneS G R 5l ey
Gea> a5 Sl )5 4 )l slagea> ol U aS o)l penas

QG do, Ve S e 28l (99,8 5l HareeS L ool 4l

iloooly 4 ble 88 auled aBlal bl Ll (B8 olie

BasePlusCommissionEmployee Nz Gl a ) Gel SSby Slalre U ool Gladiy S

Pl el Ll sy Boi> amabne Uiy, 5l Slbre gaxe)S m
ool slacl gyl 5l g9 00g elaizl ol ojled o (Solgils
slastName  firstName | asle  ogas
<l slee S 0 s socialSecurityNumber

Sgd e el Employee



EmpTloyee

Salaried-
EmpTloyee

Hourly-
EmpTloyee

Commission-
Employee

BasePlus-
Commission-
EmpTloyee
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Earnings

abstract

weeklySalary

If hours <= 40
wage * hours
If hours = 40
40 * wage +
( hours - 40 ) *
wage * 1.5

commissionRate *
grossSales

( commissionRate *
grossSales ) +
baseSalary

ToString

firstName lastName
social security number: S5N

salaried employee: firstName lastName
social security number: SSN
weekly salary: weeklysalary

hourly employee: [irstName lastName
social security number: S5N

hourly wage: wage
hours worked: hours

commission employee: firstName lastName
social security number: SSN

gross sales: grossSales

commission rate: commissionRafe

base salaried commission employee:
firsthame lastName

social security number: SSN

gross sales: prossSales

commission rate: commissionRale

base salary: baseSalary

» a8 el Cilpe alides )0 D250 S iy ) cialed Jilie JSO 6l Sho
Klazs 3 18 gm0 TOSHING s€AMNINGS wlys 3 ] e Caoms
S S s o o ol ) b e olysds am ol Shs (WS e gl
5 o0 ol ea €AMNINGS &L !, "abstract L Employee .
ol Fliw uu)[f gL s LR virtual eb S5 GL‘ u;‘ as RER uLw.:
el oS o ol catie wolie plxil lp 1) 093 ol gl

(a5 o Override |, earnings



@t toed gl 590l
ol (o o
faradars.org/fvcs9404

Employee elpsl gboo WS sl

eeolie o1 gilwosls slp LS ol o 15 w3k o Abstract ¢ ;) Employee s 51 Earning o

Mo 4 005 o (silwoole Wisd o i EMPlOyEE IS 51 a5 Sla WS 10 aie (pl .o 9290 SIS
20,8 iy pai 25l oIS S IS 4 ol il o (el ate G (s5l> EMployee (s oS
public abstract class Employee

publiz string FirstName[:]

p;bliz string LastName [:]

p;bliz string SocialSecurityNumber [:]

ﬁ&bliE Employee(string first, string last, string ssn)[:]
publiz override string ToString()

string s = "\nName : + FirstName + " " + LastName + "\nSSN :

return s;

+ SocialSecurityNumber.ToArray();

h

bublib abstract decimal Earnings(); // no implementation here
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SalariedEmployee 6l mé ouis Guio WS Sl |

public class SalariedEmployee : Employee

{

private decimal weeklySalary;

publlc SalariedEmployee(string first, string last, string ssn,decimal salary): base(first, last, ssn)[::

publlc decimal weeklySalary[:]

publlc override decimal Earnings()

¢ return WeeklySalary;

} .

publlc override string ToString()

¢ string s = "salaried employee" + base.ToString() + "\nWeekly salary:" + WeeklySalary.ToString();
return s;

¥
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HourlyEmployee 36l mé ool doino S Sl |

public class HourlyEmployee : Employee

{

private decimal wage;
private decimal hours; // hours worked for the week

publlc HourlyEmployee( string first, string last, string ssn,decimal hourlyWage, decimal hoursWorked )
: base( first, last, ssn )[:]

publlc decimal wage[:]

publlc decimal Hours[:]

publlc override decimal Earnings()

{
if ( Hours <= 40 )
return Wage * Hours;
else
return ( 40 * Wage ) + ( ( Hours - 40 ) * Wage * 1.5M );
¥

publlc override string ToString()

{ string s = "hourly employee” + base.ToString();
s 4= "\nhourly wage: " + Wage.ToString()+"\nhours worked;
return s;

+ Hours.ToString();
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CommissionEmployee il s oo Godio WIS Sl

public class CommissionEmployee : Employee

{

private decimal grossSales;
private decimal commissionRate;

public CommissionEmployee(string first, string last, string ssn,decimal sales, decimal rate)
: base(First last, ssn)

publlc decimal GrossSales[:]
publlc decimal CommlsslonRate[:]

publlc override decimal Earnings()

{
return CommissionRate * GrossSales;
.
publlc override string ToString()
{
string s= "commission employee”+ base.ToString()+"\ngross sales: "+ GrossSales.ToString();
s+= "\ncommission rate: "+ CommissionRate.ToString();
return s;
¥
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BasePlusCommissionEmploye clpslpé ooy Goino WIS

public class BasePlusCommissionEmployee : CommissionkEmployee

{

private decimal baseSalary;

bﬂbiif BasePlusCommissionEmployee(string first, string last,string ssn, decimal sales, decimal rate,decimal salary)
: base(first, last, ssn, sales, rate}[:]

bﬂ%liE decimal BaseSalarﬂ[:]

bﬂ%liE override decimal Earnings()

{ return BaseSalary + base.Earnings();

} .

ﬁﬁﬁiié override string ToString()

{
string s;
s="base-salaried "+ base.ToString()+"\nbase-salary:" + BaseSalary.ToString();
return s;

h



asl

salaried employee ‘

Static Polymomphism

Name : Ali Abmadi
S5N: 111111111
Weeldy salary: 200000
Eaming: 800000T

commission employee
Name : Farshid keshavarz
55N :333-33-3333

gross sales: 7000000.00
commission rate: 0.06
Eaming: 420000.0000T

hourly employee

Mame : Reza Mohaghegh
S5N : 222-72-2222
houry wage: 11000
hours worked: 40.75
Eaming: 452375.000T

base-salaried

commission employee
Mame : Mostafa haghi kashany
55N : 444444444

gross sales: 5000000.00
commission rate: 0.04
base-salary:300000.00
Eaming: 500000.0000T

Dynamic Polymorphism

Type testing
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Static Polymorphism couws

< Compile (L o a5 wdl o sl Sl Static polymorphism

53,5 n S b el 3k o

private void buttonl _Click(object sender, EventArgs e)

{

SalariedEmployee salariedEmployee =new SalariedEmployee("Ali", "Ahmadi", "111-11-1111", 800000);

HourlyEmployee hourlyEmployee =new HourlyEmployee("Reza

Mohaghegh","222-22-2222", 11000, 40.75m);

CommissionEmployee commissionEmployee =new CommissionEmployee("Farshid", "keshavarz","333-33-3333", 7000000.00M, .06M);
BasePlusCommissionEmployee basePlusCommissionEmployee =new BasePlusCommissionEmployee("Mostafa"”, "haghi kashany", "444-

44-4444" , 5000000.00M, .04M, 300000.00M);

labell.Text = salariedEmployee.ToString() +"\nEarning: "+ salariedEmployee.Earnings()+"T";

labell.Text += commissionEmployee.ToString() + "\nEarning:
labell.Text += hourlyEmployee.ToString() + "\nEarning:
labell.Text += basePlusCommissionEmployee.ToString() + "\nEarning:

+ commissionEmployee.Earnings() + "T";

+ hourlyEmployee.Earnings() + "T";

+ basePlusCommissionEmployee.Earnings() + "T";

}



salaried employee
Name : Ali Abmadi
S5M:117-11-1111
Weeldy salary. 800000
Eaming: 800000T

commission employee
Name : Farshid keshavarz
SSN :333-33-3333

gross sales: 7000000.00
commission rate: 0.06
Eaming: 420000.0000T

houry employee

Name : Reza Mchaghegh
55N : 222222307
houry wage: 11000
hours worked: 40.75
Eaming: 452375.000T

base-salaried

commission employes

Name : Mostafa haghi kashany
S5N ;444444444

gross sales: 5000000.00
commission rate: .04
base-salary:300000.00
Eaming: 500000.0000T

salaried employee
Name : Ali Ahmadi
SSN - 111-11-1111
Weekly salany:800000
Eaming: 800000

hourly employee

Mame : Reza Mohaghegh
SEN : 222-22-2020
houry wage: 11000
hours worked: 40.75
Eaming: 452375.000

commission employee
Name : Farshid keshavarz
SSN :333-33-3333

gross sales: 7000000.00
commission rate: 0.06
Eaming: 420000.0000

base-salaried

commission employee

Name : Mostafa haghi kashany
444444444

gross sales: 5000000.00
commission rate: 0.04
base-salary:300000.00
Eaming: 500000.0000

Static Polymorphism

| Dynamic Polymorphism

Type testing

HourlyEmployee hourlyEmployee =
CommissionEmployee commissionEmployee =

SalariedEmployee salariedEmployee

BasePlusCommissionEmployee basePlusCommissionEmployee =
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Dynamic Polymorphism cews

e S 1l pley 4o a8 wsdl e sl Sy Dynamic polymorphism

208 o0 Sl al b ez Gkl Brie S 4 by e g o
Slerld a4 STy el dlas Cpro 28 doxiD ogo 5l L e 4SOl 4l
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Gk 3l ol we

Gb 5l as Earmning() s,se cnl 0 (leSs pliy .cwl polymorphism
sl (S5 i page odieosLLS g0

private void button2 Click(object sender, EventArgs e) {

"333-33-3333",

44-4444", 5000000 .00M,
Employee[] employees
employees[0]

new SalariedEmployee("Ali", "Ahmadi", "111-11-1111", 800000);
new HourlyEmployee("Reza", "Mohaghegh", "222-22-2222", 11000, 40.75m);
new CommissionEmployee("Farshid", "keshavarz",

7000000.06M, .06M);

new BasePlusCommissionEmployee("Mostafa", "haghi kashany", "444-

.04M, 300000.00M);
= new Employee[4];
= salariedEmployee;

employees[1] = hourlyEmployee;

employees[2] =
employees[3] = basePlus

commissionEmployee;
CommissionEmployee;

foreach ( Employee currentEmployee in employees )
label2.Text+=currentEmployee.ToString()+"\nEarning: "+currentEmployee.Earnings().ToString();}



salaried employee
Name : Ali Ahmadi
SSN:11-11-1111
Weekly salary:300000
Eaming: 800000T

«commission employee
Name : Farshid keshavarz
SSN :333-33-3333

gross sales: 7000000.00
commission rate: 0.06
Eaming: 420000.0000T

hourly employee

Name : Reza Mohaghegh
SSN - 222-22-2222
hourly wage: 11000
hours worked: 40.75
Eaming: 452375.000T

base-salaried

commission employee

Mame : Mostafa haghi kashary
SSN : 444-44-2444

gross sales: 5000000.00
commission rate: 0.04
base-salary: 300000.00
Eaming: 500000.0000T

salaried employee
Name : Ali Ahmadi
SSN: 111111111
Weeldy salary: 300000
Eaming: 800000

hourly employee

Mame : Reza Mohaghegh
SSN : 222-22-2222
houry wage: 11000
hours worked: 40.75
Eaming: 452375.000

commission employee
Name : Farshid keshavarz
55N : 333-33-3333

gross sales: 7000000.00
commission rate: 0.06
Eaming: 420000.0000

base-salaried

commission empl

salaried emplayes Static Polymorphism
Name : Ali Ahmadi
\E'ih?eNeH; l;};:j&})})}}ﬂﬂ Dynamic Polymarphism
Eaming: 800000

Type test
hourly employee ipetermd
Name : Reza Mohaghegh
SSN : 222-22-2222

houry wage: 11000
hours worked: 40.75
Eaming: 452375.000

commission employee
Name : Farshid keshavarz
55N : 333-33-3333

gross sales: 7000000.00
commission rate: 0.06
Eaming: 420000.0000

base-salared

commission empl

Name : Mostafa haghi kashany ~ Name : Mostafa haghi kashany
55N : 444444444 55N - 444444444

gross sales: 5000000.00
commission rate: .04
base-salary:300000.00
Eaming: 500000.0000

gross sales: 5000000.00
commission rate: .04
base-salary:330000.0000
Eaming: 530000.0000

SalariedEmployee salariedEmployee = new SalariedEmployee("Ali",
HourlyEmployee hourlyEmployee
CommissionEmployee commissionEmployee = new CommissionEmployee("Farshid", "keshavarz", "333-33-3333", 7000000 .00M,
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Type Testing
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if(currentEmployee is BasePlusCommissionEmployee)

private void button2 Click(object sender, EventArgs e) {
"Ahmadi", "111-11-1111", 800000);
= new HourlyEmployee("Reza", "Mohaghegh", "222-22-2222", 11006, 40.75m);
.06M);

BasePlusCommissionEmployee basePlusCommissionEmployee = new BasePlusCommissionEmployee("Mostafa", "haghi kashany", "444-44-

4444", 5000000.00M, .04M, 300000.006M);
Employee[] employees = new Employee[4];
employees[@] = salariedEmployee;

employees[1] = hourlyEmployee;

employees[2] = commissionEmployee;

employees[3] = basePlusCommissionEmployee;
foreach (Employee currentEmployee in employees)

{

if (currentEmployee is BasePlusCommissionEmployee) {

BasePlusCommissionEmployee employee = (BasePlusCommissionEmployee)currentEmployee;

label3.Text += currentEmployee.ToString() + "\nEarning: "

employee.BaseSalary *= 1.1eM; }
+ currentEmployee.Earnings().ToString();} }
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Interfaces b Luwlg

What is an interface!?

These objects implement the interface |PowerPlug D8 ﬁL?'L;“"\"’L’ bl 4z M S ‘&”‘ S LSt sty .)o 63‘9"’ T
| 3 Gt Lo oG o 380 o0 plosl Lgy a0 1) ) epl aSC ! Lol calily aae Wilgs oo

$ S— abstract <, wai ksl cwls L abstract method a5 glges s b oy

N T Ll 1, iz Lol S e iy o5 b S, 5 FETUNN type X, L |, aze Method

base class ;s a5 _leabstract method . derived class asb ws o
oS axiw abstract method ., 51 S glussls |, wlas oy
, abstract classes « 51 . ol ceud 4 5 ol ae S interface
S a1y paphe opl Gy Ll wites 0,5 5 wie abstract methods
3 el sy 1y NS S interface asly oo Lais o)l w48 .0,5 Hlo 55 65l
el interface  oolds gads lawg 5 pl a5 WS s o ol i
interface ,s .cwl abstract class L alis Syntax L ;) Interface .sgs o
Ngd oo Izl laase INEIfACE 4 coul xe pd cpl 9 W5 ains loae 3
ol o plil Kk bl 0gd domil Wb )5 4> & WS o axie INterface
VEL P [ R PR > ISPV CONR VLSO S 1 PRPL SN ZJV-N DUV IRV-X N LIV

So they can be used with PowerSocket objects



Interface

Abstract class

Interface support multiple inheritance

Abstract class does not support multiple
inheritance

Interface does'n Contains Data Member

Abstract class contains Data Member

Interface does'n contains Cunstructors

Abstract class contains Cunstructors

An interface Contains only incomplete member
(signature of member)

An abstract class Contains both incomplete
(abstract) and complete member

An interface cannot have access modifiers by
default everything is assumed as public

An abstract class can contain access modifiers
for the subs, functions, properties

Member of interface can not be Static

Only Complete Member of abstract class can be
Static

@t toed gl 590l
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Cas ol 1y Sy plasAbstract Class ginterface

0

Dl emgpaln ppe Glacwend 5l (S
aab a5 WlKis a5 cul geoge pl el
A weed g8 1) G SO slaclll w b
) Sk a> 4 interface ;I Jl;
oS eolinsl WL abstract class
ol S el sl ol Ceend a5 e
L 5 e auplyze o5, a5 Cunl O 90
WS s ol alosl 4 e g aied £
ol 0o el (S aly o 5 anily anils
Sl sl asls ceenl L glp
&S b 5k ST awss solanul interface
WS o)ly B pad Lt ol Sl can
soliwl 8,9 |, @bStract class wb o5
Ao l\8
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Interface lwly Gy i A5 CJG

oo ool p 8 blie 13 048 0 i a5 INtEIfACE oS (aolS lawgs avly S

interface REEEE IMvInterf ) ) B
definition Tn SoRAEs R ARECRRacs oacs 3330 paseie NAME Loyt INMEIfACE ool ain o 1, interface .
2 lbate opl . dgd o ciy o (SIGNALUTE) Lo ial b ¢ o rETUrN type lawgs 5

) dnterface s s S5 st &5 psbfer et abstract method sl

slaate ples b ojls INterface as s 4,00l 5l 5 955l ol caw o

laae Jnterface oS gleesls 1 interface 1O ol Ly,

5 aiwa PUDIIC S04 3 5,8 50 & )gon s s IMplicitly public

interface IMyInterface Al Ly edls cpl s sojle] Lo

{ . _ 51 31055 e i 5 A 90 INErface jo s properties dea asles

melied — Veid Btecess (int argly deuble AkgR)y 5g; walyx Write-only | read-only Les property .o.s oslie.l Set Lget
¢ e float this [int index] { get; -ager] implemented auto- = L wlis interface ,s property i =5 a> 3l
5 Propemnty a5 gy opl Sl (S5 g cpl Ll (IS, property

property —> string Name { get; set; } et ol ash il auto-implement « 55 o ceb interface
} ,o 1, access modifier s ojl>! uian .cosl PrOPErtY goi g o gooss

2l set g get e

51 s 81 3 anlen .ol axals 045 0 55 1) INdexer wilg . interface
e daly> Write-only L read-only L indexer «w.as .slieul SetL get
indexer saccessor ,» access modifier ;l colitul 4 jlxe yion
St INtEIrface jo oo cay yas
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Interface implementation

interface—>| interface IFighter

{ interface IFighter N . . =
void Punch(int side) ; ( = R O (L Ry |nterface & 45@[5&&
void Kick (int side); void Punch(int side); ol adlei oo auyle s ae Lol a5 WS slass
vordiRleek ()7 void Kick (int side); ) interf
} void Block () ; S mmed WS gilwesly |, INterface
. . : : } interface oyds slaxs 4 wilg o Class
class implements interfface—>| class Soldier : IFighter . :
{ interface IWrestler Jinterface S c_‘?‘)-?‘ 6‘)‘.’ S G}L“’ML&
public void Punch(int side) { S e w)x < “ 64-;‘-\" b uu)lf
{ . void Takedown (int legs) ; j\f g ")JS i [ ‘. inférface
Move (arms[side] , Forward) ; void Escape () ; )9""0 ‘o » '°)9 0-9)3 B
} } 2 & @Lﬁd&.&g)b&a U"‘ 6‘)—?‘ 6‘)% J.b]jéq
public void Kick (int side) bl interface slavie sy (iwgs N
{ 1 Soldier : IFighter, IWrestl RE . N
implement methods —> Move (legs[side], Forward) ; ? e St g uu)lf 9° gﬁ‘)'.'l'“. "\"Su;" f‘“\s‘ (o] °°)S
: trighter public void Punch(int side) { ... } Hize sla g, 4 1, interface G wuly o
e public void Kick (int side) { ... } “ . B ..
public void Block () methods pbLie void BIGCKQ 4 - .. & lovie plod Jals IS 50 r“ Ll as 1,2
{ Aiil o ol sas asin iNterface o
Move (arms[Lgft 1,Up); IWrestler public void Takedown (int legs) { ... }
Move (arms [Right], Up) ; methods public void Escape() { ... }
}
! }

base class interface interface

class Soldier : Person, IFighter, IWrestler

{
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Interface sreference variable jl sslaw!

;I reference variable < ol o ol 5 Lo
S K PRI P TRRVEL 3 g 23 interface

&l interface reference variable osly .
interface reference——>| IFighter f£; |, plinterface o5 ob o 4 Wl s pite izl
S aie jl aas o] Wi o lae iNterface reference
Lzl cal 03,5 (gjlwesls | iNterface o1 4 by e« o
base class jl ooliwl 4 ans dwgy ol Ogb e

interface reference : .
: : ; el derived class s s 4 s &, reference
refers to object of —>| IFighter £ = new Soldier () ; .(.\%jwuji;p :w 5 s aS)

implementing class

IFighter £ = new Soldier() ;

can only call IFighter f.Punch (Left) ;

methods when using —>| f.Kick (Right) ;
IFighter reference £.Block () ;




. Uy @a@b oigel
genEnc cpde, works void WarmUp (IFighter f) PO 93
for all IFighter types

{ faradars.org/fvcs9404
f .Punch (Left ) ;

e Generic code

f.Kick (Right) ;

} Gy goas atdgs S ol aS 04 o a5 sl » 4 Generic code
See o Warmup ae Jle glgie 4 b oo oolaal BB ool 5 )lee

Soldier s = new Soldier(); @l fles | slal calplo oS o IFIghter eg 5l oz o 6395

Loyl oo ol s e, oo |y oS Lwools |, INterface .l a5

ok since soldier WarmUp (s) ; 27 st el Dlgse an) w"":f_g_’ . ‘u-’| L
implements IFighter ativPAS) b S 2 e Rl

class Monkey : IFighter
{

implem ent }
IFighter

class Robot : IFighter

{

}

Monkey m = new Monkey() ;
Robot r = new Robot ()’

ok, both .
implement —> Warntp (m) 7

IFighter WarmUp (r) ;




test if Soldier
implements IFighter

void March(Soldier s)

{
if (s is IFighter)

@t toed gl 590l
ol (o o
faradars.org/fvcs9404

Type testing

o LT A ol asits plgie 1S Ros S8 4y
@ b od,S s5luesls |y iNterface G x>
Soldier L35 g5 5l &5 S g ye LT Jlo ylgie
ssleesly 1, Ifighter oL, intefcace wsl

g L ool oo;

7~ N\

Objectis impliment
with given inerface

~
SN N

If Yes retruns not null if No retruns Null

\d/ N




base ——>

derived —>

multiple

inheritance —>

allowed

interface IFighter

{
void Punch(int side) ;
void Kick (int side) ;
void Block() ;

}

@t toed gl 590l
ol (o o
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Interface inheritance bluwlg ¢ p &)

syntax ;i ol ool plxil glp .S )l Ko interface <G 5l wly - interface <o
, slinterface gl > aad WM G a5 a5 olKin .05 oo oolisiwl Lo WS jo (¢ ps )| alin
i glacl plad Wb WS il 035 50 &)l 6,500 INterface i interface 7 as sl
50 interface ;i interface < a5 olKie i8S (ilwosle 1) )| Gopms; 48 odd
gac ol g 09h i yai gae G derived interface s 4 o ls sg>g o Kal opl S oo g o)

{
void Bite() ;

}

interface IStreetFighter :

IFighter

interface IFighter

{
void Punch(int side) ;
void Kick (int side) ;
void Block() ;

}

interface IWrestler

{
void Takedown (int legs) ;
void Escape ()

}

{
void Bite() ;
}

interface IStreetFighter :

IFighter, IWrestler

base interface . ss>ge gac @dlye ol o il pbea base interface dacl j S L
S Sl e Jlate plin &8, lp cws wles 1) laie pliy G Lad g 950 00 os 00

S eoliil NEW suls saels ;1 derived interface s gac )l cay o

{

public

from IFighter ——> public
public

f IWrestler —> L

rom restler public

from IStreetFighter —> public

class Soldier :

void
void
void

void
void

void

IStreetFighter

Punch(int side) { ... }
Kick (int side) { ... }
Block () : | |

Takedown (int legs) { ... }
Escape() 3 3

Bite() { ... }




interface IFighter |<— ﬁ::ier;::tes —>| interface IWrestler
{ {
void Block() ; <— Jgnatre —>|  void Block() ;
} }
interfaces contain method . .
with same signature — c{:lass Soldier IFighter, IWrestler
class codes one ; ;
iathed-only I:ubllc void Block ()
}
}
interfaces contain 2 methods . .
with same signature = ::lass Soldier IFighter, IWrestler
IFighter version —— void IFighter.Block () { ...}
IWrestler version ——> void IWrestler.Block() { ... }

Soldier reference ——

error, ambiguous to
call Block since

two versions exist

—

Soldier s = new Soldier() ;

s.Block () ;

@t toed gl 590l
@yl o 5o
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(Ambiguity)esly!

oyt a1y gze o] 6l alys o S o s ilwesls | INterface lacl 5l S a5 ol
explicit interface member ;;slo cels |15 ool ol awsgn Jilinterface o
Sl 0es o eXplicit implementation a5 jsbas b i_mplementati_on
N sl asb L 4o Wl INterface method ;I explicit implementation

explicit implementation s,,b ;

I 1, interface method & «5 Lo

Gyl &S oy el cw s B W sbil 3,k gl cad asle wle wyjle o0
explicit ., 5| b el wiws ol o interface reference

ool Ll e interface method gjluest; ol %0 2, iIMplementation
Lol (90, o5 o)l 252y (ISl (l 5 S (implement)kg)-uootﬁ I, interface
explicit §) solicw! o)lge cpl jo swsl «ils Signature s 5 b 6 L olawis
ol Interface el wie pb 3 Jd Lo 451y 045 00 plad @8, el iImplementation

IFighter reference ——
calls IFighter.Block —>

IWrestler reference ——
calls Inrestler.Block ——>

Soldier s = new Soldier () ;

IFighter £ = s;
f.Block () ;

IWrestler w = s;
w.Block () ;
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u'.mS.’ wa RSO :6aﬁ)w JLa.o

«interface»

Payable
______ VAR ey e
| |
Invoice Employee
SalariedEmployee I CommissionEmployee I] HourlyEmployee

?

BasePlusCommissionEmployee

WQo,S sanlin Sou e fad 0 &5 asSlea
ol p S50 St 5 Gei> CSby pleenw
blo ©558 08 (22w S Sk S
Slawbre plod U cenl glaalp (gilwosly oy
Bl C3 oy b g Goo> Cloyy o sllacsls
95 Sy wx Gy a ]y eSly ple g le)eis
osly, asul b oaws sll w0 LSS
L interface < lal (S syl Sglie Slae
interface s, g5 ,0 L Lhse gl S

WAS oo (gilwooly 1) 4980



‘ c. &S b 9 '|'
public interface IPayable ‘s’;u)ué;‘,):’“)y

{ P faradars.org/fvcs9404
decimal GetPaymentAmount();

) CS 1S 33 ot 160 5 JLwo

public abstract class Employee : IPayable

{
publlc string FirstName { get; private set; } i interface ol S oo ol Ipayable ol interface < la
publlc string LastName { get; private set; 1 9 9,l5 (595,9 AT WS 0 iy a5 |, GetPaymentAmount el ae S
, IPayable L.l; Employee sl 8 l, ey &
public string SocialSecurityNumber { get; private set; } ? y ? ploy ~ud)15 ShSean L eby gl
R Gy a9z W aled gilwesly 1) js50e wie 0l cplply oS o (g3lwesly
publlc Employee( string first, string last, string ssn )I:| Gl 0395 S350 IS leMo! Employee O s we ol (glwonly
public override string ToString()|.. | Employee a5 _la S slas 5 ooy iy a5 @DStract J<o a4 oplplo
public abstract decimal GetPaymentAmount(); silwoslyy 4 abse SalariedEMployee (o5 asles &0 @)l 4

1 Od Lie

public class SalariedEmployee : Employee

{
private decimal weeklySalary;

publlc SalariedEmployee(string first, string last, string ssn,decimal salary):base( first, last, ssn )I:l
publlc decimal weeklySalar‘yE

publlc override decimal GetPaymentAmount()
{

¥

publlc override string ToStr‘ing()E

return WeeklySalary;
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ul.wS.’ wa RSO :‘Sa).g)l.f JLw

L INVOICE S o oo 45 45555 Lo
I, Ipayable L.l ;5 ,e56 les
sl plpls g il 00,5 (g5lwosly

public class Invoice : IPayable

{

private int quantity;

private decimal pricePerItem; GQtPaymentAmeunt ‘ e
2 refe e-'.:ez ] Sg> oﬁ)lf d.)Ua.n ‘)"‘ d..:[; 9 Mbgo
PQP}}E string PartNumber { get; set; } S Lo sl als gjluesly

silwesly 1, S Interface

ublic string PartDescription et; set;
public g p { get; set; } L s s

public Invoice( string part, string description, int count,decimal price )[::] if.y“ » GetPaymentAmount
public int Quantity[:] Dl @S o0 i |y CSb gy il
e lacyssrse plod gl Ol slaasli
public decimal PricePePItem[:] 23,8 ool

bﬁbiig override string ToString()[:]
pubiig decimal GetPaymentAmount()[:]
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=95 Agei— sy Sl p s 160 3,5 JLio

private void buttonl Click(object s

IPayable[] payableObjects
doubl

payableObjects[@] = new Invoice("@1234",

payableObjects[1] = new Invoice("56789",

payableObjects[2] = new HourlyEmployee("Farshid", "keshavarz", "111-11-
payableObjects[3] = new SalariedEmployee("Mostafa", "haghi kashani", "888-

foreach (IPayable x

labell.Text += x.ToString() + "\nPayment: " + x.
TotalPayment += Xx.

labell.Text += "\n --=-------"------------—- \nTotal Payment: + TotalPaym

| testPayable |

invoice

part number: 01234 { seat)
quantity : 2

price per item: 37500
Payment: 75000

invoice

Hourty employee

Mame : Farshid keshavarz
S5N: 111-11-1111

Waae pe Houre: 100000
Houres worced:50
Payment: 5500000

salaried employee

Mame : Mostafa haghi kashani
SSM: BB8-85-B8B8

Weekly salary. 3200000
Payment: 3200000

Total Payment: 3335000T
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Delegates

Hello! 1 am
Delegate >

S’
S — 4 wlgie a5 aed L ool 4l delegate < oesle ol 4

Pointer t J =
e vy - » e delegate < a5 JKis plply WS g4>, Method
e = - .
N> =) 1, ot SG 4y FEFErENCE wilgi oo 45 & y5l o 353540 |, ODjECE S 23

reference ! &b 5l wlyice die wyonl jl o)l o5 LBags o
Gloate 5l e ol a5 sl 5 wilg o Delegates s sles s
33 0 rge delegate (Luss Sl polie sl g Lasl w) lss
Sl oygou oS izl 1 laaze (La! ey runtime s wilgs Las asbip b
oS col S @ a3y s sna 4> COMPile time o o o7 Wil
delegate &, 4 L, Reference Methods ..t «

Sei 00 as8 INVOCation List Mol
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Step By Step Creating and Using the Delegate

Declare ] Step 1 Declare a Delegate
Create Step 2 Create a Delegate reference
Point Step 3 Pointthe reference pointer to methods

Invoke ] Step 4 Invoke the methods through delegate
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Background - object-oriented method call

class Stock

{
string name;
double price;
a b shares;

b oo Jolie JSCo a4 el slaaie Slg31)3 3o,

method —=> public void Buy(int shares)
{
this.shares += shares;

}

object—>| Stock ibm = new Stock() ;

call method

omohjec ibm.Buy(50) ;




store state —>

change state ——

{

class Student

string name;
double gpa;
int units;

public void RecordClass (int grade)

{

gpa = (gpa * units + grade) / (units + 1);

units++;

A Bl ed

RecordClass () } > %

T T

new grade causes notify
gpa to change

Student
(caller)

@t toed gl 590l
@yl o 5o
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Notification

< reélster Parant
:VI\ target
callback ( g )




PR &5 (s goler Gojgel
/[ \ < L D
target - )
2 faradars.org/fvcs9404
object

caller C
calback 5. qalegate )-calback || target Delegate definition

g method e q .

el 3 O)9e 4 delegate s o,

S | ——

1 delegate ret-type name(parameter-list);
f \ /—\
parent 1, of delegate o cul sue 2i55L g4 ret-type iyl ,o

sla b el delegate o6 L 1, Name .S o JSlgss

< > delegate o[ Parent ok 3 sigh e 51,5 delegate s,b 5l 5w L 3,0
i g ~<—5ig | method ~C _
void " / Sp5 o )l parameter-list

\J 4.1::‘5.1‘)‘\ Qe (.\U cmﬁ‘)\.u‘sa delegate J‘ ;‘5:: c_iﬂ 45@&.&

student

N

delegate keyword name of created delegate ey delegate 4 (Lol o5 cie ol L)
delegate void GradeChange(double gpa) ; GradeChange g = new GradeChange(...);
callback method callback method reference Obted

return type parameter
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Delegate use

GradeChange s x5 L Report s sladl waio oo blie 0 10 a5 jghiles

parent
object

parent
method

callback callback

delegate

ailsl LTargets cs=l Invocation List 4 wly w aie ol (e o)l cuillae

delegate defines - . L T i c.
requltsd signature—) delegate void GradeChange (double gpa) ; o ol L)) abgspe wie b wyjle o de|egate et SuaS LS g
class Parent RO (0 delegate L ()-'iﬂ‘)l:}. 9
{
method signature ] ]
matches delegate I?ubllc void Report (dopble SRgl class Student
{
} e delegate reference ——> public GradeChange Targets;
}
}

class Student

void Run () {
{ i Terenougy public GradeChange Targets;
caller—> Student ann = new Student ("Ann") ; delegate
public void RecordClass(int grade)
target ——> Parent mom = new Parent() ; {
// update gpa
delegate —> GradeChange g = new GradeChange (mom.Report) ;

invoke callback v
Targets (gpa) ;
register—— ann.Targets = g; through delegate } T

1
callback takes

double argument

target target
object method
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Multiple targets

oM G elesl wlgs Lo o)l o9y ged 45 sl axilo ax>g
2wl oo Led s cus Delegate < o G 3l o) o>

Parent mom new Parent () ;

—
targets Parent dad = new Parent() ;

Student ann = new Student ("Ann") ; 5o by wloads o] ilize Gla BB 5l &5 Lol 4 bgy o s

Pl LS Wil (25,5 5 99959 syl )l Al byl 4y oS

first —>| ann.Targets += new GradeChange (mom.Report) ; ‘ . rpled Cud De.legate s J’b
second —>| ann.Targets += new GradeChange (dad.Report) ; Delegate - oo <y Yol @b sl oo gl a5 9 2

Ablgse a5 00 S solitul (oaw) = See 5l lgi oo
swle e Delegate « o olea J3bs j0 55 1) 6,508 wlg
J..ul.oa oolaiul )5.|a~o U"‘ 6|).v (69L...~o os)Lsu) += )ﬂor- )‘ J.JL‘

. s o

Parent mom = new Parent () ; Shee 5l oolitnl sl a0 Toges <l ol yo ST ol S35 03Y
Parent dad = new Parent() ; JHs po eas aud 8l oy celed oS eolitul = Kles 4=
lass 5 Unregistered |ss45 4k «, Delegate -

Student ann = new Student ("Ann") ; Delegate s oo < J3hs o 1) b Sl oub a0 o
& b ol g o G 5l 950 208 o5 dalyzu 5 wles S oS

ann.Targets += new GradeChange (mom.Report) ; Unregistered (ssbus kow) = Klhoe 5l oolawl b 1) abogs o

add —>| ann.Targets += new GradeChange (dad.Report) ; s led a8l e 5 T 500 o 5l A G s g 00903

remove —>| ann.Targets -= new GradeChange (dad.Report) ;

by

| I
target target

object method
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J

b e Delegate w5 sl s

public delegate void GradeChange(double avg);

public class student sk o Publishery, caller ;L Student Lois

{

string fullname;
double gpa;
int units;

public string FullMame[:]

public student(string name,double avg=8,int u = B)[::

ﬁuhlic_void RecordClass(double grade)

1
gpa = (gpa * units + grade) / (units + 1);
units++;
Targets(gpa);

¥

public GradeChange Targets;
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J

class parent .
crass paren L LTargets .l Registarar L5 5 Parent _.is

{
string fname; aes Subscripbers Lo
public parent(string n)[::
public void reported( double avg)
{
string s;
s ="Im" + fname + "\nOne of parrents" + "\nMy chid gpa has reported to me and that is:"+avg.ToString();
System.Windows.Forms.MessageBox. Show(s);
¥
¥
[l
class éégistrar
{
public void log( double avg)
{
string s = "I'm the registrar \nI've loged your gpa\nYour gpa is: " + avg.ToString();
System.Windows.Forms.MessageBox. Show(s);
¥



public partial class Forml @ Form

1

student 5 = new student("ali", @, @);
parent dad = new parent(“reza™);
parent mom = new pa'en-{"waryaw"};
'eg strar rl = new registrar();

puhllc Forml(}[:]

prlvate vold BtnRegMom Click({cbject sender, Eventirgs e)

1
¥

prluate void BtnRegDad_Click(ocbject sender, EwventhArgs e)

{
} £ .

prlvate void BtnUnRegdad _Click(cbject sender, Eventirgs e)

1
¥

prlvate vold BtnRegRl Click(cbject sender, Eventirgs e)

1
¥

prlvate void BtnUnRegRl Click(cbject sender, Eventirgs e)

1
¥

s.Targets += new GradeChange(mom.reported);

s.Targets += new GradeChange(dad.reported);

s.Targets -= new GradeChange(dad.reported);

s.Targets += new GradeChange(rl.log);

s.Targets -= new GradeChange(rl.log);

&5 o @olar 390!

LM)‘SMJ)Q

faradars.org /fvcs9404

J

o5l Formi — O

X

Enter grade: | | Register mom

UnRegister mom

| insert grade |

Register dad

=

UnRegister dad

Register 1

UnRegister r1




o5 Formi

Enter grade:

— d x

|'IS | Register mom

UnRegister mom

insert grade |
Register dad
UnRegister dad
_Fieg@ter_ﬂ i
D |
UnRegister r1

@t toed gl 590l
@yl o 5o
faradars.org/fvcs9404

J

ples oS INVOKe 1, L 5,90 delegate csxl 51 -
L2l aiws 34350 ] INVOCAtion List s a5 slaas
delegate Sl G 0,5 INVOKE sopm g
ol & Gl Spgo p0)2ehly Jlo)l 5 aie o Sls8 asile
Student .5 ;I RecordClass s yg,0 .ol

w5 e INVOKe | L s )50 delegate s

private void BtnInsertGrade_Click(object sender, EventArgs e)

{

s.RecordClass(Convert.ToDouble(textBoxl.Text));

| m maryam
One of parrents

My chid gpa has reported to me and that is: 16 Your gpa is: 16

I'm the registrar
I've loged your gpa

I 'm reza
One of parrents

My chid gpa has reported to me and that is: 16
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Null reference

class Student

reference field {
defaulistosuii™ public GradeChange Targets;

public void RecordClass (int grade)

{

// update gpa
test before call—— if (Targets != null)
Targets (gpa) ;
}




public class student
{
string fullname;
double gpa;
int units;

publlc'strlng FullName[:]

units++;
Targets(gpa);

}
public GradeChange Targets;

public class student
{
string fullname;
double gpa;
int units;

publlc strlng FullName]. . |

! NullReferenceException was unhandled

An unhandled exception of type ‘System,NullReferenceException’ occurred in
EventsANDDelegate.exe

Additional information: Object reference not set te an instance of an object.

Troubleshooting tips:

iCheck to determine if the object is null before calling the method.

Use the "new" keyword to create an object instance.

Get general help for this exception.
Search for more Help Online...

Exception settings:

[ Break when this exception type is thrown
Actions:

View Detail...

Copy exception detail to the clipboard

Open exception settings

publlc student(str1ng name,double avg=@,int u = 9)[:]

1 reference
publ:.c void RecordClass(double grade)
{
gpa = (gpa * units + grade) / (units + 1);
units++;
if(Targets!=null)
Targets(gpa);
¥

public GradeChange Targets;

&35 (s ol 3901
LMJ ‘SAM )Q
faradars.org/fvc59404

Null reference ;I Jtw

— d x

|16 | p— Register mom

L__ UnRegister mom

insert grade |

| Register dad

UnRegister dad

Register 1

UnRegister r1
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Static methods

$33y9 S yall a5 ol il o] byt Lo mes S olsie a5 jshilen 5 g0 asalys DelEGALe sLal J51s 13 5 Lo dlS (StAtC)Sstiu] mls cod 4y o8 Las a5 0 s

static method ——>

register——

05 oo 00l WIS b 5 STALIC wlgs b oo i (g sl asls cille Delegate (55 bslo b s Silil wlgs ol (9,5 5

class Registrar

{

public statig

{

void Log (double gpa)

void Run ()

{

Student ann

ann.Targets

new Student ("Ann'") ;

new GradeChange (Registrar.Log) ;
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Events

event X, o, <l Object

.S register 1, event handler sslass

i register handler s

Subscriber has full control of delegate and can add or remove other subscriber ) o
without their knowledge oL Event handler igd o Sle)8

sl delegate b slas
Event

Delegate

Subscriber does not have any access to delegate, it can only listen to event




SOURCE

SOURCE

Delegate passed

Add method remove method
full control of delegate

Encapsulate

Delegate passed

Event

can only listen.

Events

Multicast delegate

Delegate
Method/
function

r

Encapsulation of
delegate
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Events

a5 K ¢ s register 1, event handler sslas event G ol wily o Object <
Sl ean register shandler s (Event Raise)wsl .. sl event <

sl delegate L slhe 0L EVeENt handler .asse

Event Handler

Event Raiser |

i Delegate




public delegate —>

overwrite mom handler —

invoke —>

class Student

{

}

public GradeChange Targets;

Parent mom =
Parent dad
Student ann =

ann.Targets =
ann.Targets =

ann.Targets (4.

new
new
new

new
new

Parent () ;
Parent () ;
Student ("Ann") ;

GradeChange (mom.Report) ;
GradeChange (dad.Report) ;

{

event —> public event GradeChange Targets;

}

class Student

ok touse += —| ann
ok touse -= —>| ann

errortouse = —| ann
error to invoke —>| ann

Parent mom =
Student ann

.Targets +
.Targets -

.Targets = new GradeChange (mom.Report) ;

.Targets (4.0) ;

new Parent () ;
new Student ("Ann") ;

new GradeChange (mom.Report) ;
new GradeChange (mom.Report) ;

@t toed gl 590l
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Events

event solas event o olp sy e Object <,
slsl event <, a5 LK 4 wis register 1, handler
Sl eas register slhandler oo ol .
delegate L sl oL LEvent handler e -

aubl
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delegate void EventHandler (object sender, EventArgs args);

T T T Applications

nothing returned object that event details
to event publisher  published event

subscriber
publisher b b
RERER RS EventHandler (thi g args) > handler
< 518 delegate < void method
public class MyForm : Form
: {
GUI contains y
several buttons privagh Buigen W/
private Button cancel;
public class Control ... private Button help;
i i { callback method
F:llck event defined public event EventHandler Click; . void callback (object sender, EventArgs args)
in base Control class . {
} }
. . - public MyForm()
inherits click event —>| public class Button : Control {
{ register with click T s
ey EVent of Sl BlitteR —> ok.Click += new EventHandler (this.callback) ;
}




&35 (s ol 3901

delegate void MouseEventHandler (object sender, MouseEventArgs e); U)Lw ‘Sw).b

faradars.org/fvcs9404

specific delegate mouse event details

Applications

info;spectic to class MouseEventArgs : EventArgs
mouse event {
public MouseButtons Button { get; }
public int Clicks { get; }
public int X { get; }
public int X { get; }
}

public class Control : Component ...

{
mouse event—> public event MouseEventHandler MouseDown;

public class MyForm : Form
{

control offering —> private Panel drawingSurface;

mouse events
callback method —> void mousecCallback (object sender, MouseEventArgs args)

{
int xCoord
int yCoord

args.X;

event details —
args.Y;

3

public MyForm()
{

register —> drawingSurface.MouseDown += new MouseEventHandler (this.mouseCallback) ;
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Exceptions

5 eoliinl b ol o sl (2! slpruntime o a5 el ols exception <
Unhandled exception has occumed in your application. f you click

Continue, the application will ignore this emor and attempt to continue. If 1S ey Sl ool o ekt e oL exception-handling .- .
you click Quit, the application will close immediately. oo "LWS 009y NI RlP s DI 0 P 9 ORI
PR ol slacoie 31 S .ass handle |, runtime  glalls @il lojle

X ol g ams e plil 1) (6,u5las S35 jsbay a5 el ) €XCEpLion handling

Cortirue Qu
—

Sl (50s3 wb (omgitaliy )3 Sy inl ool 3929l Gy &5 Sl (Ji90 0

<, Exception handling sy W axins o g ooiiSains oo 45 wols oo ploul |,

! DivideByZeroException was unhandled x .
prl;a-te-vmd buttonl 1 An unhandled exception of type 'System.DivideByZeroFxception' occurred in exceptions.exe Ua} )5)4 r:lf_._{z 45 ;A.SGA J.').u (09.»»‘54 o..\.«.ol.s exceptlon handler 45)&5 55)'{4
{ . ) Additional information: Attempted to divide by zero. . y _ . .
i": :JB?ZJ Troubleshooting tips: L‘" Qé}”’ ‘-és}é L-g:-wo Q)wd‘e 45 W G)Lz-) )-i’”é ()J"‘)-"L:-" OQP‘SA ‘J?‘ )lSQ? Q)}‘adﬁ”
Y i ﬁj . Make sure the value of the denominator is not zero before performing a division operation. | & ~ .
L AN Get general help for this ecception. &1 sg=9a FUNEIME o o 5,51 oS oy p |y sl ) Coond jo 090 3890 pac
Seschformorebep Onine.. 1 T Iy o lstiul slaeXCEPLion o Li v .oi aaly> ), €XCeption handler L.
Exception settings:
[ Brek whenthis exception typeahrown index-out-of- ;divide-by-zero slalas ssbyast y S o @, slalbs o,
Actions:
View Detal. exception coeal LV¥s I Ko O ggoge (pl a5 0SS e e (FANGE
Copy exception detail to the clipboard
Open exception settings ! ‘)_,‘ handllng
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[ Exception ] ¥
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systemE)I(cept'ion ] [ App1'icat'io|nExcept'ion ] EX C e p t i O n h i e r ar C h y

Sla D caed Wb e al)l DS lwg  leeXCEption ol e e
system exceptions user defined exceptions oM 5l b (Sl lp caads oailid sladS JiseXception
derived from here derived from here Slnls el SYStEM NAMESPACe j| isu jhogs 45 wed 5t EXCEPLON

oo oM ) S ases EXception O ,; lexception sae

base class oS w5 cwl SystemEXxception (a5 [Exception

S IS o

o e System namespace s ous iy, i ) sleeXception gl
class Exception L . ’ .
( oy lis asl w8l 5 EXception (oIS« 1, s> SystemException
error message—>| public string Message {get { ...} } Sogpe st Sl 2pS e 8 S amd cichy skl sleeXCeplion e .=s;
. . IS S duw o seby ke (built-in,lsg sleexception
—> public string StackTrace { get { ... } } &y o o s sl 45‘50&& Jles lp M@ S| SystemExceptlon
6954 &1 w2954 DivideByZeroExcepion ¢4 5 exception < was o
N 5l syl bl lisgs EXCEPLioN sla WS aigke o5 ad awalys asgie
o) pime 3 dde aw & sls Property gslas aewsn EXcepion

stack trace to where
exception generated

class ArithmeticException ... B.. read- 4. » laproperty ..l ac.aTargetSite ;StackTrace Message
das o mpi |y b coale a5 col an, o Jle Message e only
class FileNotFoundException n {8} & e & Cal @L“‘.é‘?‘ﬁ J,ch a, Q—:‘ oS o al, S Jels _StackTrace
I class INBezohtofRllrxtiotidl Mo ) oSy e S e & o3y 5B S el TargetSite st la>
excepib t;’pes—> el 8o paix Jels emen EXCeption Class .c..l exception
class InvalidCastException c e b osen )
class NullReferenceException soe f sae ]

class OutOfMemoryException sem A oon




index error ——
code skipped —>

handler for index errors —

execute handler ——>
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Handling an exception

void Process ()

{
try
{
int[] data = new int[10];
data[l10] = 17;
}

catch (IndexOutOfRangeException xcpt)
{

string m
string s =

xcpt .Message;
xcpt.SstackTrace;

sthrow catch ({ry codsauds k> buy o Mo 5
929 1) baje pians 5 S0 Loyl 058 00 2y n e finally
50 3 (6,500 5l oolaiwl 4y o Ll (oS e 5l coliiul a5 as el o
Slals 51 plas e exception handling cows v, p Jsb
4 ypatuw 25 Lol walgs ool musg Oy b guldS
5l Cend o] 0gh &8ly aihe Lripl jo Wlg e plaS p il
l, ol (exceptions)slalls o)l wad 5 alpy gloas
o S WS 3 block try e wss )
wyexception ..lwaes #, try block 4,5 exception
ol Wlgee i o5 b (throw)ob, (sl
59, 4 g b o block catch w3 5 1, exception
(i 0, 5Ll slEXCeption s handle 1) o ks
o0, Throw (s Wl wigs o thIOW |IS595 & jg0a Loy
throw  sodsads 51 Wb s &,904 EXCEPLION
Ll b s o cov colys jo a5 a5 jo .0 oolanl

5.5 o0 53 finally block cwis s 0

<]



possible out ofMemoryException——»

possible Indexoutof RangeException——

handle failure of new——»

handle invalid index

>

void Process (int index)

{
try
{
int[] data = new int[10];
data[index] = 17; EXCEpTYpE
}

catch (OutOfMemoryException e)
{

} ExcepVariable
catch (IndexOutOfRangeException e)
{
}

}

5 b polz G jgel
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Multiple catch

ol 03l F, & wab e slException gq Exce_pType decpl o
L hs,e CatCh:m Lugy wes o ol EXCEPLON < a5 LlKin
dhte g, o b cuond (] 50 EXCEPLON L g 0 428,595
chas Jlae JSi o try/catCh JS s a5 ol e 093 handle
&y o asl any Yy & Wiy catch sy Sy ) iy wes e
gy0p) 5l 0g 1>l b catChplas a5 wis’ RS exception ¢4
oo lais el calhe Catch < L exception X a5 LlKie
& D aigd o w:.f a0l ecatch sas 4 Do I).?llcatCh
P aS el ) ol Jlhde B yuie w0sd e 48,5 EXCEPLion
el sl e (exception variable)go S oatie gl
exception & _.pw 4 ks exception handler S
ie 4 (5L (sl Oy ped & el S)asl asla object
S o ol Gl 4 BXCEPLON g45 0, aie g S € (3,5
Ol e A e € W3B W o a5 gla Jie ST LS e 4
Sygos Ty DlOCK wois by slEXCEPLON ma 51 &5 col
48,5 ool o 4 anadly skcatch caes g dd wlez> 1>] Joose
by ks ol b e alsl am 4 CAICH (3T 5 Ll g Wigs oo
3 oolitwl .adl sas by exce_ption S a8 84800 ,>1 CAICh
58,5 sl by, o exception type s ,5 aise ;s Catch

<l laexception ol



55! Form1

Enter first number: 20

Enter second number: |4

Divide 20/4=5
private woid buttonl_Click(cbject sender, Eventirgs e)
{
int x,y,z;
¥ = Convert.ToIntle(textBoxl.Text);
y = Convert.ToIntle(textBox2.Text);
z=x/vy;

lblresult.Text = x.Tostring() + "/ +

b

LTostring() + + z.ToString();

@t toed gl 590l
@yl o 5o
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85 Form1

Enter first number:

Enter second number: |p

Divide

i

private woid buttonl

int x,y,z;
x = Convert.

lblresult.Text = x

label3

! DivideByZeroException was unhandled x

An unhandled exception of type 'System.DivideByZeroException' occurred in exceptions.exe

Additional information: Attempted to divide by zero.

Troubleshooting tips:

iMake sure the value of the denominator is not zero before performing a division operation. | A

Get general help for this exception.

Search for more Help Online...

Exception settings:

(] Break when this exception type is thrown

5 b polz G jgel
ol (o o
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<1 o ol 390!
private woid buttonl_Click(object sender, Eventirgs e)
1 1404
int x,y,z=8;
¥ = Convert.ToIntle(textBoxl.Text);
y = Convert.ToIntle(textBox2.Text);

tl"':v" £ o ‘ u’bﬁ’“ J w

z=x/y;
)
catch (DivideByZercException err)
i
MessageBox.Show("Error..." + "\n Message: " + err.Message + "\nStackTrace: " + err.StackTrace+"\n Target: "+err.TargetSite.ToString())};
t
lblresult.Text = x.ToString() + "/" + y.ToeString() + "=" + z.ToString();
b
ol - O *

Enter first number:
Enter second number- D

Divide label3 |

Error..,

Message: Attemnpted to divide by zero,

StackTrace: at exceptions.Forml.button_Click(Object sender, Eventfrgs €) in
Dr\exceptions\exceptionsi\Form1.cs:line 32

Target: Void button_Click{System. Object, System.EventArgs)
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Enter first number:
Enter second number- £ ! ) g0 &J Lo

Divide label3

I FormatException was unhandled *

1reference An unhandled exception of type 'System.FormatException’ occurred in mscorlib.dll
private wvoid buttonl_Click{cbject sender, Fven

{ Additional information: Input string was not in a correct format.
int x,y,z=8; . = i - e T
x = Convert.ToInt16(textBoxl.Text); Troubleshooting tips:
y = Convert.ToIntl6(textBox2.Text); iWhen converting a string to DateTime, parse the string to take the date before putting each vanable into the DateTime object. | A
Ery Make sure your method arguments are in the right format.
z=x/y; Get general help for this exception. -
} .
catch (DivideByZeroException err) SealQR WP Online...
{ . I p—
MessageBox.Show("Error..." + "\n Messa Basptas ngs:
¥ [] Break when this exception type is thrown
lblresult.Text = x.ToString() + "/" + y.ToSt
1 Actions:

View Detail...
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2! Form — O e [ )Uia v
faradars.org/fvcs9404
Enter first number: all
* Lo u M o
Enter second number: D o ‘ 5 A JL’“"
Divide label3

{:[br‘ivate vold buttonl_Click({cbject sender, Event L ForetExceptionafloakandied «
int x=8,y=8,2=0; An unhandled exception of type 'System.FormatException’ occurred in mscorlib.dll
® = Convert.ToIntl6(textBoxl.Text);
y = Convert.ToIntl6(textBox2.Text); Additional information: Input string was not in a correct format.
try D 2 .
rou ing tips:
{ Troubleshooting tips
z =%/ vy; {When converting a string to DateTime, parse the string to take the date before putting each variable into the DateTime object. i »
i tch (DivideByz - 5 ) Make sure your methed arguments are in the right format.
catc ivideByZeroException err
{ Get general help for this exception. -
MessageBox.Show("Error..." + "\nMessage:
Ss38 ( \ & Search for more Help Online...
} B
catch{FormatException err u B B <
( P ) Exception settings:
{ s
MessageBox.Show("Error...”™ + "\nMessage: [] Break when this exception type is thrown
by
lblresult.Text = x.ToString() + “/" + y.ToStr| Actions:
¥ View Detail...




private void buttonl_Click(object sender, Eventirgs e)

1

@t toed gl 590l
Pl w9

i”t x=8,y=8,z=8; faradars.org/fvcs9404
ry
1
x = Convert.ToIntle(textBoxl.Text);
y = Convert.ToIntl6(textBox2.Text); < P ‘ ‘“43)-?&’-0 Jtlo
z=x/vy; o d v
}
catch (DivideByZercException err)
{
MessageBox.Show("Error...” 4+ "\nMessage: " + err.Message + "\nS5tackTrace: "+ err.StackTrace+"\nTarget: "+err.TargetSite.ToString()});
}
catch{FormatException err)
{
MessageBox.Show("Error...”™ 4+ "\nMessage: " + err.Message + "\nStackTrace: "+ err.StackTrace+"\nTarget: "+err.TargetSite.ToString()});
}
lblresult.Text = x.TeString() + "/" + y.ToString() + "=" + z.ToString();

o

Enter first number:

Enter second number: |5

Divide

ali

Error...
Message: Input string was not in a correct format.
StackTrace: at System.MNumber.StringToMumber(String str, NumberStyles
options, MumberBuffer® number, MumberFormatinfo info, Boolean
parseDecimal)

at Systern.Mumber.Parselnt32(5tring s, MumberStyles style, MumberFormatinfo
info)

at System.Int16.Parse(String s, NumberStyles style, MurmberFormatinfo info)

at Systern.Convert. Tolnt16(5tring value)

at exceptions.Form1.button1_Click(Cbject sender, Eventirgs €] in
Di\exceptions\exceptions\Form1.cs:line 30
Target: Void StringToMumber(System.5tring, System.Globalization.MumberStyles,
NumberBuffer ByRef, System.Globalization.MumberFormatinfo, Boolean)

label3
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5loslinl L 1, EXCEPLHON S iws & g0t duslyy oo Lo Lol La5 o so 455 ,5 cidgs ooy oo TUNTIME SYSIEM Ly |Sog5 jsba a5 slae€XCEPLiON L3 gla Jls ,o
Wi o 45 b e .ol 03, (5 pe ) EXCEPLION j a5 sl €XCeption sg b (oM o 5l e o b oW sol> jlade dopl s 0S Ol tHIOW udsadls
Sy red S wb bed plpln oS o lip | e o SO tIOW a5 asl aals ob 4 el ods aisls NEW ool L throw cwé s DivideByZeroException
default constructor ;| DivideByZeroException : s colu ly @90 ol 50 0 by 1) IYPR o auslys coi a5 cnline s opl asS Slip |y o B oyl ]
oS aitwa olae€XCEPLON ClAasSS slusl oS o Sbiy a5 S WLEXCEPLION s)lse ST o .aiius 990 LEXCEPLON sl 55 58 CONSLIUCTON Ll sl ous ooliiu

Al |y Logs cleXCEPLION ClasS wS> 4 ws sl axgis s 'l (sanlsl [0 .alaisle o logs

int Divide (int numerator, int denominator)

{
if (denominator == 0)
throw —> throw new DivideByZeroException("Error: divide by zero") ;

return numerator / denominator;




call sequence

> 4> 4y 4y

[Main() ] [ one () ] [ Two () ] [Three()] [Divide()]

VAV SV BNV

problem occurs in Divide,
search for error handler
unwinds call sequence

@t toed gl 590l
@yl o 5o
faradars.org/fvcs9404

Locating a handler

Sl oolsl dLﬂJ‘ as w‘;)l.’ us)\b Ll s_i) w).uxo quS QJ’“'“"’ u)ﬁ“o O
5055 o e 2015 g e S Lo 4 oSl Jls3ls Ul LS

int Divide (int numerator, int denominator)
{
if (denominator 0)
throw new DivideByZeroException("Error: divide by zero") ;

no handler
available

return numerator / denominator;

}

try block ;i ol gash p yiies owp MAIN o b adp Lol 0y 4 b
A (0,5 C)Lo‘ JB Con a5 @LmUaé 00,5 handle <l ‘S?)b‘-
S glalls 0,5 canye lp Sl try block 5l oS o eolil
try block ;I oy oo cuimen Lad & p 0 o0 Migd oo Mol oo,
«s serror s, handle 4l catch all handler .lgea o

S sslziul wileazs -handle Js1s try block s

void One ()
{
try
{
Two () ;
}

catch (DivideByZeroException e) type of handler >
{ - H does not match

matching handler ——>

will be executed ——>
}

}

void Two ()
{
try
{
Three() ;
} no handler
catch (IOException e) available

{

void Three ()

{
int g,

q = Divide(3, 0);

}
}
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Custom exception

[ Exception ] zl, slalls 351 o ls o DUIlt-in slaexception 4> 51
, exception-handling ;. Ll was o handle 1,
S8 5l Sy (@ly )0 s Sgasme lallad pl a4y Ll e
oo, handle _uly deexception a4 o)ls w 8,55,
Lt asjloe bogs a5 ol L,,%Lcaexcept_ion type

custom exception—)[BadAccountExcept‘ion] O, handle sl 1, obogs skexception uily .
ole (custom exception) oy jlus sowel sy>gas slallas
oW Gl BI5 Les wwenl ool JLws €XCEPLION
asl 03,5 sp )l EXCEption I oIS o1 5 oS e
Sz e sl sl Gl &l o bt goud Frie (S
spe,l EXception 5l s gla DS a5 L5 .ol

base for custom

xsaRiin Ve — [App'|1cat1onExcept1on]

class BadAccountException : ApplicationException

{ : T ‘
custom data—-> public int id; EXCeption glyea gl 5l aslsn b Sgdise wrge WIS o0
Jols wilee i & oleeXCEPHON oS oolis
public BadAccountException(string msg, int id) as sl <=method _ g_property .
base constructor —> :base (msg) wizmed Sl s e2lg 1 6l ApplicationException
{ a5 glexception class ;s 1, o1 slasl ;1 golass ol oo

} this.id = id; oS override wlasle sgs




private woid button3_Click(object sender, Eventirgs e)

{

Polygon2 recl = new Polygon2(4);

recl[@8] = new Point(l@, 18);

recl[1]
recl[2]

new Point(86, 18);
new Point(3@, 138);

[ reci[5] = new Point(le, 138); |

recl.draw(pictureBoxl.CreateGraphics(), Coclor.Blue);

class Polygon2

{

Point[]

public
{

vert

set

{
}
get
{

}

vertices;

Polygon2(int n)
ices= new Point[n];

Point this[int i]{

vertices[i] = valuej

return vertices[i];

! IndexOutOfRangeException was unhandled X

An unhandled exception of type 'System.IndexCOutOfRangebxception’ occurred in
indexer.exe

Additional information: Index was outside the bounds of the array.

Troubleshooting tips:

:Make sure data column names are correct. | -

Make sure the index is not a negative number.
Make sure that the maximum index on a list is less than the list size.

Get general help for this exception.

Search for mere Help Online...

Exception settings:
[ Break when this exception type is thrown

Actions:
View Detail...
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Custom exception ;i Jtw

PRI - T L (RS
S S6indexer cowe
S omal Gl Al 50
6Ua> sS.a p....S oolauwl RPRESY
wlbp 5w &) 12l ol
Ol Capde g sbial Sy

DS xSl



class MyExcepticn:ApplicaticnException

private int wertexcount;

public MyException(string msg,int count)

{

vertexcount = count;

b
public override string Message

1
get
1

return base.Message+"\n sas L3 s

¥

1

3!
-

5 b polz G jgel
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Custom exception ;i Jtw

: base(msg)

ade S oo b "+vertexcount. ToString( )+ s "

Seoogx asln Glp eeliie
OWEIL g PR JPET SO S  PEC O
oL s E>_<ception o
4 ApplicationException
N Glr sl 0 &)
5 Slools 3>l ouds ol sl
5 s S )0 5 wae (b
9 b el ies
hoab oW slceogas

o5 Override
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Custom exception ;i Jtw

s asls e 03gazme j0 (635,59 (ol indexer FRRCU RSV
W3S o Slip g w9 00,5 sbul MyEXCEPLion gg ;i <Ll
class Polygon2
1

20,5 obnl Wy oo ol 2y e ploaisS Sy poe S
Point[] wertices;

ic Point this[int 1]
1

set

1
if (i »= wvertices.length || i < @)

throw new MyException{"cw. s dwys peaast™, vertices.length - 1);

vertices[i] = walue;

¥

public void draw(Graphics x,Coclor c}[::
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Custom exception ;i Jtw

private wvoid button3_Click(object sender, Eventirgs e) atl

& - O X
{
try { :
Polygon2 recl = new Polygon2(4); ol lzie
recl[@] = new Point(le, 18);
recl[1] = new Point(8@, 18); vt ndeoeer

recl[2] = new Point(8@, 138);
[recil[5] = new Point(1l@, 13@); |

recl.draw(pictureBoxl.CreateGraphics(), Color.Blue); I

Draw method with indexer

h
catch(MyException el)
{ X
MessageBox.Show(el.Message);
¥ |
} i Cwgy e il

auibtaac e gl aae 0wl
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void Process () faradars.org/fvcs9404
{ .
tr Catch b |
o8 atching base class
T ——— (}:atCh T 4 Wb s derived class 5baset Jolss a5 @Lmexcept'lcin t}/pe o5 WK
and all derived classes > P base &_i' ‘_g‘)..s catch AS.’ ‘)J) A....S WK LQ(EatCh ‘_gd.IL..n) u.d; )‘JS (50975 g QLA.\..}
{ OIS 4 ol oty (s aly oyl il o] 5l ead siie eSS sles L ClasS
e = ples 585 g ol 8 el Koo slaEXCEPLION plos Wiy LIS ‘Excep_tion
} catch ;i oolical (0 ools mudgs M3 a5 b lam)aid .05 o 35350 slaEXCEPLiON
} wled 25,5l Gl 9,50 of, Xy EXCeption type oS asie s
derived class ;65 45 aus cds wb Jb ol Lol leexception
void Process () Vb ol 5wl e 1) o bsgs slaeXCEPLION a5 LlKis (Logase)EXCEPLiONS
{ Sl oo a5 il ol Dase class s ,5 catch jleslicnl bl 5l (o ol s 95,
try @ odsl 3939 glas 51 Jle 5l oS CALCH | leeXception ;I S sandiws
{ )0 945 s wge DASE Class o5 catch il calks Catch ) G S e
D a5 s Colys
tch )
— catch (Exception e)
exception { [ IOException
[
¥ oo [ 1
} [ FileNotFoundException ] [ EndofstreamException ]
}
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b catch 8,5,0,8 cud 5 Jlo

sleexception .» 4 base class sexception o ol o 5
class Exceptd : Excepticn & dacateh o s sl ‘..x.;),.i; b deriv_ed class
{ base & 1: 5 cul )50 5 cplawms 3 lal o |, derived class

2 references alisesss S . Catch 1) lderived class .Ls class catch
public ExceptA(string message) : base(message) { } o Q—‘ Cole, pae SDygo 0 g ol ()90 ligw  0dd S eilE

L LS exception g ,; saby Wgs e axlse COMPile-time

eferences o 5l ExceptA sjle . EXxceptB  sEXCEptA  slasl
lass ExceptB : ExceptA e Sl 00,5 50l EXCEptA ;1 ExceptB 4 Exception
aliy a5 pl lp S o throw |1, atype ;I G ,» exception b ,
eal® | CONSIrUCIOr < Lo laCUStOm exception il yaise

o L

public ExceptB(string message) : base(message) { }
B (oo 7y Iylas g 0,08 o]y did) S aS gl



private woid button3_Click(cbject sender, Eventhrgs e)

1

for (int x = 8; x < 3; x++)

1

try
1
if (x == 8)
throw new Exceptf("Caught an Exceptd exception™};
else if (x == 1)
throw new ExceptB("Caught an ExceptB exception™);
else
throw new Excepticon(};
¥
catch (ExceptB exc)
1
1blresult.Text+= "\n ExceptB Class: " + exc.Message;
¥
catch (Excepthd exc)
1
1blresult.Text += "\n Exceptd Class: "+ exc.Message;
¥
catch (Exception exc)
1
1blresult.Text +="%n Exception Class: "+ exc.Message;
¥

5 b polz G jgel
ol (o o
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b catch 8,5,0,8 cud 5 Jlo

aaS cds beatch (8,5 15 cuip g g9 4 Jolie sty o
&S Lol 5l el atsl aslg e byl a5 cul oS s ol
4 by ,e CatCh ol oo 30 ExceptA ;1 ExceptB
S ek 4 040 a8ly EXCEptA ) 13 oL ExceptB
s base class «)Exception s 4 Ly . catch
Lal> b asly e 05 513 31 0wl (el LeeXeeption
sl b ol alKe adly o5 s Catch sy o8
Sgd o0 axlye COMPpIle-time

& el ol base class s,5 cateh ;1 ool gLl 51 SO
a8 catch |y exception I IS conaws K auly e
wcatch ;| &0 plaSze 4 oosl sgmg Gl 31 Jlis (&l
) g8 0 w90 DASE Class o5 catch sl calhas
D a5 s ol



&35 (s ol 3901

§ Classl.cs Program.cs Forml.cs* # X Forml.cs [Design]* u)Lw o 30
Dc"\ *] exceptions --i *3 exceptions.Form1 1@, farad N f
- o Tvnts vold burttons Click(abject ssnder, EVentArgs o) ' aradars.org/fvcs9404
3 {
B for (int x = @; x < 3; x#+) o’ .0
-
: < b catCh o cui yi pus
g tr‘y 144 * *e f ﬁ
o if (x == @)
& throw new ExceptA("Caught an ExceptA exception");
g else if (x == 1) base class lexception Suplys S
5 throw new Except8("Caught an ExceptB exception™); ~e 3 o P o2 T )5
@ else 4 e i ;
A sdlss o Wb % |, derived class sl.exception
} ) .
catch (Exception exc) ool e 3 lal o 1, derived class ¢s dacatch g
; lblresult.Text +="\n Exception Class: “+ exc.Message; derived f’L"J base class catch Y |)_,) ol Sasre S

catch (ExceptB exc)

2 edd S8 gl il .S e catch 1) lclass

1blresult.Text+= "\n ExceptB Class: " + exc.Message;

sls b ol cale; pas Sppo 0y cel y5,0 )l
catch (ExceptA exc) ) .
Qg8 o0 4>lse COMPile-time

Iblresult.Text += “\n ExceptA Class: "+ exc.Message;
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} . .
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Code  Description
€3 CS0160 A previous catch clause already catches all exceptions of this or of a super type (‘Exception’)
€3 CS0160 A previous catch clause already catches all exceptions of this or of a super type (‘Exception’)

TTARES Output




may throw
exception

skipped when

exception thrown 5

void Process ()

{
FileStream data;
data = new FileStream("File.dat",

data.WriteByte (0x10) ;

data.Close() ;

FileMode.Create) ;

always
executed

void Process ()

{

FileStream data = null;
try
{

data = new FileStream("File.dat",

}
finally
{
data.Close() ;
}

FileMode.Create) ;

@t toed gl 590l
@yl o 5o
faradars.org/fvcs9404

Finally
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sdlss sl s wb Finally block ...l block
Sl e oo Finally block .5 15 Wcatch
L try block cos poe a5 calins ol ol 05800 12!
>l finally block colys ,o (s L ogs ol coslse
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