NKU CSC 444/544 - Spring 2002 - K. Kirby - Object-Oriented Software Developmrernrtr =

A Compact Guide to C#

This document assumes you have done object-oriented programming in C++ or Java and are following
along in class as we present motivation, details and applications. This is only a sketch of some of the
highlights of C#, emphasizing its distinctive features. C# is new, and there is no brief, high-quality book
available yet. [Note added in 2003: Archer and Whitechapel, Inside C#, 2nd Ed. is highly recommended.]

Part |
Procedural Programming Aspects

I.1. Program / file organization
/'l Scratch.cs
usi ng System ;

cl ass Program

{
static void Main()
{
Consol e. WiteLi ne( "nku" )
sub()
}
static void sub()
/1 nore stuff
}
}

Thereis no relationship between file name and class name. Methods do not need to be declared before they are
called. At the command line

> csc Scratch.cs - - compiles the program (into Scratch.exe)
> Scratch - - runsthe program

|.2. Basic console /O

Console. Wite( "Enter a nunmber: " ) ;

doubl e x= doubl e. Par se( Consol e. ReadLi ne() )

Consol e. WiteLine( "Cosine of " + x +" is " + Math.Cos(x) + "!" ) ; /1 Java style still ok
Consol e. WiteLi ne( "Cosine of {0} is {1}!", x, Math.Cos(x) ) ; /'l new style

Consol e. WiteLine( "Cosine of {0} is {1,8:.###}!", x, Math.Cos(x) ) ; // kinda |ike 98.3f
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|.3. Parameter passing

static void Main()

L
int i, j
set2( out i, out j ) ; [// ok for i,j to be uninitialized
swap( ref i, ref j ) ; [/ error if i,j were uninitialized
print( i,j ) ; /[l error if i,j were uninitialized
}
static void swap( ref int i, ref int j ) // inout reference paranmeters
{
int temp= i
i=j
j= tenp ;
}
static void set2( out int i, out int j ) // out reference paraneters
{
i= 100 ;
j= 200 ;
}
static void print( int i, int j ) // value paraneters
{
System Consol e. WiteLine( "i= {0}, j={1}", i, | )
}
|.4. Assertions

Put #defi ne DEBUG andusi ng di ag = System Di agnosti cs. Debug ; near thetop of your file. [In
Visual Studio.NET you must also do this: Project | Add Reference... , select System.dll. ] Thenit’s easy:

di ag. Assert( n > 0 )

[.5. Built-in value types

The built-in value types come from the .NET Common Type System (shared by Visual Basic .NET, etc). They
can be referred to by their .NET type names or their C#-specific aliases. Here are afew:

i nt System.Int32
doubl e System.Double
char System.Char
bool System.Boolean

By definition, the name of avalue type names the value directly. So, for example, if a and b arei nt s, thena

== b tests whether these twoi nt sareequal (asyou’ d expect), not —of course- whether a and b refer to the
very same integer object in memory. Accordingly, variables and constants of value types can never be null, and
are stored on the stack. (Each of these typesinheritsfrom System.ValueType, aitself a subtype of
System.Object, but discussion of thisis deferred to Part 111 of this document.)

Thechar typeis 16-bit Unicode, not 8-bit ANSI. See www.unicode.org.
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[.6. Strings

The System.String typeisaliased tost ri ng in C#. Strings are immutable reference types, but with==

overloaded to compare string contents rather than references. [“Immutable” means that a string object cannot be
changed once constructed. “ Reference type” means that names of strings actually name references to string

objects on the heap; string variables can benul | . All objects on the heap are garbage-collected.]

string s= "WOXY" ;
string sa= null ;

sa= s ; /1l
s= "WDET" ; Il
char ch= s[0] ; [l
/1 s[0]="R ; Il
string sb= sa.lnsert( 1, "RO' ) ;
Consol e. WiteLine( sb ) ; /1l

int i= sb.IndexOf( "O" ) ; Il
string sc= sb. Substring( i, 2 ) ; //

di ag. Assert( sc == "00"' ) ; I/
/'l diag.Assert( sc < "zZz" ) ; /'l < not
di ag. Assert( sc. ConpareTo( "ZzZ" ) < 0)
string sd= "AA" + 72 + "BB" ; /1 "AA72BB';
|.7. Arrays

/1 1D ARRAYS
string[] sar= new string[n] ;

for (int i=0; i < sar.Length ; ++i )
sar[i]= "slot(" +i + ")" ;

/1 2D ARRAYS
doubl e[,] mat= new doubl e[ n, n] ;

for (int i=0 ; i < mat.GetlLength(0) ;
for (int j=0; j < mat.GetlLength(1)
mat[i,jl=1i + 0.1* j ;

sa and s now poi nt
S now points to new string "WDET"

[]
il

" VAROOXY"
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conpares string contents (not
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length 2 starting at
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+ i s concatenation;

obj ect

references)
strings (too US-centric!)
all ow Cul ture objects!

note int’'s string rep.

There are also so-called “jagged arrays” subscriptedar [i ] [j ] ratherthanar[i,j].Arraysarereference
types (so they can be set tonul | and they exist on the heap, where they can be hauled away as garbage when

necessary).

1.8. Control

Thereisno automatic conversion fromi nt tobool . For example, if nisaninteger, i f (n) will not

compile;use i f ( n!=0 ) instead.

Eachcase of aswi t ch statement must end with an explicit control statement; thisisusually either abr eak,

continueorreturn.
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Thef or each statement can be used to give read-only access to array entries:

void f( string[] sar )

{
foreach ( string s in sar )
Console. WiteLine( s ) ;
}
1.9. Exceptions

Exceptionsfollowthe try / cat ch model of C++ and Java. Exceptions are reference types descended from
System.Exception. For your own exceptions use should use (or subclass) System.ApplicationException :

if (n<0)
t hrow new Applicati onExcepti on( "Bad news" ) ;

Once nice thing to do when you catch an exception during development is print a stack trace:

try
{

}

catch ( Exception e )

/1.

Consol e. WitelLine( e.StackTrace() ) ;

1.10. Text filel/O

In the following example, you must be usi ng System | G,

const string FILENAME= "nyQutFile.txt" ;

/1 Wite a text file.

StreamWiter sw = File.CreateText( FILENAME );
sw. WiteLine ("Welconme to my file." );

sw. WiteLine ("Certainly easier than Javal" ) ;
sw. Cl ose();

/! Read a text file, echoing it to console.
StreanmReader sr = Fil e. OpenText( FILENAME );
string lineln= sr.ReadLine() ;
while ( lineln !'= null )
{

Console. WiteLine( lineln );

l'i nel n= sr. ReadLi ne() ;
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Part Il

ADT Programming Aspects

I1.1. Structs

Structs are user-defined value types suited for small bundles of data. They cannot be subtypes or supertypes of
other programmer-defined classes. Otherwise, they can have most of the features of classes (see next section),
but in practice they tend to be much simpler. They are alternatives to classes when you want atype that is
allocated on the stack; the entire object can be passed by value. *

struct Poi nt
public Point ( int x, int y)
{
this.x= x ; this.y=vy ;

}
public int x,y ;

! <

cl ass Program

{
static void Main()
{
Poi nt pt A= new Poi nt ()
Poi nt pt B= new Point( 10, 20 )
Poi nt pt C= new Point( 10, 20 )
co. WitelLine( ptB.x )
if ( ptB.Equals( ptC) )
co. WiteLine( "Same" )
}
}

/'l constructor (optional, but convenient)
/1 no initializer list for fields
no semicolon

/1 (0,0), set by default ctor (NOT redefinable)

/1 calls our ctor

[l calls our ctor

/1 field access uses the . (dot)
== not available (unless we overload it)
Equal s() is value conparison (field-wise)

Don't let the use of the new operator fool you: these Points are allocated on the stack, not the heap! They are

valuetypes, so they can never benul | . If wehavevoid f( Point pt ) ;

andcal f (ptA), thepointis

passed by value: the entire object is copied. Note that we cannot define our own default (no-parameter)

constructor for structs.

I1.2. Classes: TheBasics

Classes are reference types, meaning the name of an object isbound to a pointer to the actual object, which lies
on the heap. Otherwise, classes follow the model we are used to in C++ with the following points worth noting:

const fieldsare set at compile time then frozen (no initializer lists); r eadonl y fields are set at
runtime in the constructor then frozen. There is no notion of const method.

! From here on, we assume the programmer isusi ng co = System Consol e ;
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There are no destructors. Objects that can no longer be referenced are automatically deleted.

C# introduces the notion of properties—these are “field lookalikes’ that the client can get and
(possibly) set in auniform way. They are roughly analogous to the following C++ idiom:

public:
int& top()
const int& top() const

Here' s a stripped-down array-based stack of integers designed to illustrate these language features:

cl ass Stackl nt cl ass Program
{
public Stacklnt( int nMaxDepth ) static void Main()
{ {
nMAXDEPTH= nMaxDept h ; St ackl nt s= new Stacklnt( 10 )
ar= new i nt[ nMAXDEPTH ]
i Top= -1 ; s. Push( 55 )
} s. Push( 66 )
s. Push( 77 )
public void Push( int num)
{ s. Top *= 100 ;
ar[ ++i Top 1= num ;
} while ( s.Depth() > 0)
{
public void Pop() co. WiteLine( s.Top )
{ s. Pop()
i Top- - }
}
public int Depth() }
{ }
return i Top+1 ;
}
public int Top // a property
{
get { return ar[ iTop ] ; }
set { ar[ iTop ]= value ; }
} 1*
Qut put :
public readonly int nMAXDEPTH ; 7700
private int[] ar ; 66
private int i Top ; 55
} 1
[1.3. Enums

Enumerated typesin C# are value types. This means they work just like you' d expect from C++:
enum Mood { HAPPY, SAD, ANGRY }

void f( Mood m)

if ( m== HAPPY ) //
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[1.4. Indexers
If you arewriting a sequentially ordered container classin C++, overloading the [] operator is a nice way to grant
random access to its contents. In C# a so-called indexer achieves the same effect. For example, if you wanted to
grant read accessto all theentriesinaSt ackl nt object (see#2 above), you would add an indexer:

cl ass Stackl nt

{
/1
public int this [ int i & square brackets !
{
get { return ar[i] ; }
/'l set omtted, since we do not want write-access to the interior of a stack
}
}

Thisisvery similar to a C#property. Now if wehave St ackl nt s then we can print the 3" element from the
bottom of the stack withco. Wi t eLi ne( s[ 3] ). Sincewedecided not to defineset , we cannot assign to
it: s[ 3] =7 will not compile. (If we allowed thisit would hardly be a stack.)

[1.5.Main

Any C# class can have astatic Mai n() method. It's sometimes niceto bundlean ADT classwith alittle
Mai n() that demosits usage. At the command line, you decide which main to run. If youwant St ackl nt’s
Mai n(), do:

> csc  MCode.cs /main: Stacklnt
> MyCode

[1.6. Inheritance (ADT style)

C# supports single inheritance of classes. The superclassis known as the base class; its constructor can be called
from the subclass constructor using the: base( ...) syntax. Methods can be redefined at the subclass level,
though unlike in C++ thisrequires the use of akeyword (new) to indicate that the method isindeed a
redefinition.
cl ass Gadget

public Gadget ( int n ) { ...}

public void twist() { ...}

I/ .
}
cl ass Fast Gadget : Gadget

public Fast Gadget( int n, double x ) : base( n) { ..}

public new void twist() { ...}

/1l
}
static binding
voi d play( Gadget gA, FastGadget fgB )
{ gA. twist() ; /]l CGadget’s twist(), (even if gA actually refers to a Fast Gadget)
fgB. twist() ; /| FastGadget's twi st()

}

void test()
{
Fast Gadget fgX, fgyY ;

o
play( fgX, fgY)
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Part IlI
OO Programming Aspects

[11.1. Inheritance (OO style)

To enable dynamic binding there are two steps: mark the methods to be overridden asvi r t ual (like C++), and
mark the overriding method asover r i de (peculiar to C#).
cl ass Gadget
public Gadget ( int n ) { ...}
public virtual void twist() { ...}
...
; X
cl ass Fast Gadget : Gadget
public Fast Gadget( int n, double x ) : base( n) { ..}

public override void twist() { ...}

I ..
) \

dynamic binding
voi d play( Gadget gA, FastGadget fgB )
{

gA. twist() ; /'l FastGadget’'s twist() — a virtual function call
fgB.twist() ; /| Fast Gadget’'s twi st()

}

void test()

Fast Gadget fgX, fgyY ;
[/
play( fgX, fgY)

I11.2. Sealed classes

A seal ed classisonethat cannot serve as abase for further derivation. Thisis often done to provide a“floor”
on dynamic binding so that the compiler can optimize it into static binding. For example, System.String is sealed.
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[11.3. Downcasting

There are two ways to downcast in C#, analogous to dynamic_cast<T & >and dynamic_cast<T*>in C++:

Gadget gl= new Sl owGadget ()

Gadget g2= new Fast Gadget ()

S| owGadget sg ;

// Method 1: Explicit cast.

sg= (Sl owGadget) g1 ; /'l succeeds

sg= (S| owGadget) g2 ; [l fails: throws System | nvali dCastException

/1 Method 2: The as operator.

sg= gl as Sl owGadget ; /'l succeeds
sg= g2 as Sl owGadget ; /1 fails: sets sg to null
[11.4. System.Object

Every typein C#is asubtype of System.Object, even humblelittlei nt (whichisrealy System.Int32). The C#
diasfor System.Object isobj ect .

The Equals method of obj ect isvirtual, and tests for reference equality by default. System.ValueType (the
mother of all value types) overridesit to test value equality.

The virtual method inobj ect most commonly overridden by programmersis probably ToString(); this returns

aconcise string representation for the object.

cl ass Gadget

I ..
public override void string ToString() { return "Gadget " + n ; }

Some methods that take obj ect s, such asWriteLine, invoke the object’ s ToString() method:

try
{
Il
catch ( Exception e )
{
co.WiteLine( e ) ; [l writes e. ToString()
}

Object also has a GetType() method that returns information about the object’ s actual type; itsown ToString()
method is useful. For example, if g refersto an object constructed as a FastGadget, then co. Wi t eLi ne(
g. Get Type() ) prints“FastGadget” evenif g wasdeclared asaGadget .

The i nt Get HashCode() methodinobj ect ishandy for usein hash tables. It is often overridden to take
advantage of the programmer’ s knowledge of the specific structure of the type.
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I11.5. Abstract classes

Abstract classes must be tagged with theabst r act keyword. What we call “pure virtual functions” (vi r t ual

=0) in C++ are called “ abstract methods” and must also be tagged asabst r act . (The keyword
abst ract impliesthey are virtual; you cannot also add the redundant keywordvi r t ual .)
abstract class Pile

public abstract void flatten() ;
public void sayHey() { co.WitelLine( "Hey" ) ; }

}
class ConcretePile : Pile
{
public override void flatten() { /* . . . */ }
}

static void Main()
Pil e p= new ConcretePile()

p. sayHey()
p.flatten()

I11.6. Interfaces

All methods in an interface are public and abstract. The key difference from abstract classes isthat a class can be

a subclass of only one class (abstract or no) but can implement multiple interfaces.

interface | Flippable

void flip()

interface | Swattabl e

{

void swat () ;

voi d swat Conpl et e()
}

base class name listed first

class Waffle

{
Il
}
cl ass Bel gianvaffle : Waffle, |Flippable, |ISwattable
{
void flip() { /* . . . */}
void swat() { /* . . . */
voi d swat Conplete() { /* . . . */ }
I
}
static void Main()
{
| Fl i ppabl e pf= new Bel gi anWaffl e()
| Swatt abl e ps= pf as | Swattable ;
[
}

Note that the keywordover r i de isnot used when providing an implementation for an interface method.
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[11.7. Operator overloading

Unlike C++, where operator overloading isvital to polymorphism in the generic (template) programming mode,
C# uses operator overloading only as syntactic sugar. It isbest to avoid it unless you are writing operator-
intensive number-like types (like matrices, for example, — and even then it can be inefficient at runtime). (or the
same reasons, it should be avoided in pure object-oriented C++.)

So instead of sketching how to do operator overloading (it's actually easier than in C++), we'll just mention
some warnings. Some classes have overloaded the == operator to check for value equality even though classes

arereference types; st ri ng doesthis. So if you really want to test reference equality you must be careful. It is
best to use the static method Ref er enceEqual s( 01, 02 ) rather thanol==02.

Y ou might think that comparison operators (like <) could be usefully overloaded for ordered keys. But even

st ri ng doesnot overload <! Instead, if you want your type to be used as an ordered key, then implement the
System.|Comparable interface; thisjust meansyou providean i nt ConpareTo( obj ect ) method, and
ask whether x. ConpareTo( y ) < Oinstead of x<y. Thismakesinteroperability with other .NET
languages that do not have operator overloading alot easier.

One great relief: the assignment operator = cannot be overloaded in C#. (But if you' ve overloaded +, then+=is
automatically overloaded, etc.)

[11.8. Boxing

OO0 polymorphism allows us to have general containers. The most general would be a container of objects. See
how easy we can use an array of objects:

obj ect[] oar= new object|[ 4 ]

oar[0] = 26.4 ;

oar[1] = true ;

oar[2] = "dog" ;

oar[ 3] = new Gadget( 21 ) ; Qut put (thanks to the ToString() nethod):
26. 4

foreach ( object o in oar ) True

co.WiteLine( o) ; dog

Gadget 21

Behind this simple fagade some important things are happening. Clearly an array of obj ect sisan array of
references to objects on the heap— essentially an array of pointers. (An array of different value objects would
have slots of variable size, which would be quite unworkable.) Puttingst ri ngsand Gadget sintothearray is
straightforward, asthey are reference types. But it’s different for value typeslikedoubl e andbool here. They
are value types, so behind the scenes the system is “boxing” them for usinto reference types.

Getting them out requires dynamic casting, of course:

doubl e x= (doubl e) oar[O0]
bool b= (bool) oar[ 1]
string s= (string) oar[2]
Gadget g= (Gadget) oar[ 3]

The .NET collections framework (stacks, queues, hash tables, etc) isbuilt aroundobj ect s, and automatic
boxing means we can easily use them with value types as well as reference types.
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