C# for C++ programmers




Introduction

Purpose:

« Show how C# compares to C/C++.
- Demonstrate through code examples.
- Promote the general welfare.

- Answer questions.



Example

Example simple program

// Sample program to destroy the world
sing System;
s

1sing System.Threading;

Program

5
I
L
5

tatic void Rabbit()
I
L

new Thread(Rabbit).Start();
new Thread(Rabbit).Start();

Console.Writeline("Destroy world");

1
1

static void Main(string[] args)

I
L

Rabbit();

1
1




Runtime Model

How .NET languages interoperate with the system



Acronymania

CLI - Common Language Infrastructure
¢ CTS — Common Type System
- Metadata
« CLS - Common Language Specification

- VES — Virtual Execution System
+ combines pieces at runtime using metadata

CLR - Common Language Runtime
- the virtual machine

CIL - Common Intermediate Language
JIT — Just-In-Time compile

NET — the set of language neutral runtime libraries available.



CIL

.method private hidebysig static void

NET languages compile to CIL, which is like 7 Code cire 63 Coxa)
assembly code. _maxstack 3

.locals init {[8] class [mscorlib]Sys
[1] class [mscorlib]System.T

1 IL_80688: nop
The result compiled to bytecode. I Mo a1
IL_8882: 1dftn void HelloWorld.
0 0 IL_B08g: pob j inst id
CIL is CPU and platform independent. - B ISR G
IL 888d: newobj instance wvoid [
. IL_@de12: stloc.@
CIL function classes: IL_0813: ldnull _
IL_8814: 1dftn vold HelloWorld.
- Load and store IL_881a: newobj instance wvoid [
»  Arithmetic IL 881f: newobj instance wvoid [
o : IL_@824: stloc.1
Type COHVCI"SIOH . . IL_@8625: 1dloc.@
« Object creation and manipulation it_gggg callvirt instance void [
_ I nop
- Stack management IL_@ezc: 1ldloc.1
. IL _882d: callvirt instance woid [
- Branching IL_8832: nop
- 1 IL_98833: 1dstr “Destroy world"™
FLIIlCtl(?I’l call anq return IL_8838: call void [mscorlib]s
- Exception handling IL_003d: nop

IL_883e: ret
* CXHJCUITCHC}’ ¥ /f end of method Program::Rabbit




CLR

Common Language Runtime (CLR)
« Memory Management
- Thread Management
* Security
- Exception Handling
 Garbage Collection
Implementations
« Microsoft Windows
- Rotor (shared source) by Microsoft
- Mono on Linux




NET and IL

Allows cross language inheritance

« Your Python classes can be extended in C++

+ Visual Basic containers used in C#

* Eftc.
Benefits of Intermediate Language (IL)

- Compilers can target processor at deploy time

- Metadata allows simpler gluing and versioning
Assembly

1 or more exe’s and dlI’s, versioned and tied together
NET Library knowledge transfers across

languages



NET Language Examples

C#
C++/CLI

F#

J#
[ronPython
IronRuby
Visual Basic
A# (Ada)
Chrome (Object Pascal)
IronLisp

L# (Lisp)
NetCOBOL

Smalltalk#
Active Oberon
APLNext
Common Larceny
(Scheme)
Delphi.NET
Forth. NET
DotLisp
EiffelEnvision
Modula-2/CLR
Haskell. NET
[ronScheme



Summary

The .NET compiler takes your C# source code and compiles it to CIL that
the CLR JIT compiler converts into native code for an operating system.

C# VB.NET
code code

e

Compiler Compiler

J#
code

l

Compiler

—

Common Language Infrastructure

01001100101011
11010101100110

MET compatible languages compile to a
second platform-neutral language called
Common Intermediate Language (CIL).

The platfiorm-specific Common Language
Runtime (CLR) compiles CIL to machine-
readable code that can be executed on the
current platform.
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Language Features

An overview of the C# language
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y-

@ Simple, modern, general-purpose, object-
oriented.

® Strong type checking, array bounds checking,
catching uninitialized variables, automatic
garbage collection.

@ Usetul for distributed environments.

® Similar to C/C++ for programmer buy-in.

© Internationalization.

® Range from embedded to large systems.

C# Design Goals

y




Very much like C/C++/Java

 Functions, { }

Basics

static void Main(string[] args)

{

// looks like C4+

double value = 1.8;

int counter = @;

for (int pos = B; pos < 188; ++pos)
value += pos;

switch (counter)

L
case @ :

break;
default :
break;

1
J

// nicer loop constructs
foreach (string arg in args)
Console Writeline(arg);

13



Basic types

bool true of false

byte 8 bits, 0-255

sbyte -128 to 127

char 16 bit Unicode

decimal 128 bits, high precision, £1.0 x 10728 to £7.9 x 10?3
double 64 bits, £5.0 x 107324 to 1.7 x 10308

float 32 bits, £1.5 x 1074 to £3.4 x 1038

int 32 bits, -2,147,483,648 to 2,147,483,647

uint 32 bits, 0 to 4,294,967,295

long 64 bits, -9,223,372,036,854,775,808 to 9,223,372,036,854,775,807
ulong 64 bits, 0 to 18,446,744,073,709,551,615

object Base of unified type system

string Unicode string built in as base type.




Arrays

Very C++ like
Supports multidimensional, jagged

Bounds chec!

ked

Simple 1nitial

1zation

Simple looping with
Many Array functions across all arrays:

Length

Copy

Sort
BinarySearch
Find

FindAll

static void Main(string
{
Random rand = new Random();
int [,] arrayl = new int[18,28];
int [] array?2 = new int[] {1,2,3,9};

int [] values = Array.FindAll{array2, x => (8 == (x % 3)));

for (int pos = 8; pos < 18; ++pos)
arrayl[pos,pos] = rand.Next(pos,pos*pos);

foreach (int walue in values)
Console.Writeline(value);

1
]

15



Strings

Unicode
Internationalization support
Excellent formatting (C/C++ printf and cout suck)

Immutable

StringBuilder

Functions include:
- Length
. Array of chars 5tatf[-: void Main(string[] args)
o Compare int val = 34;
. Concatenation string bob = "This is your mom on drugs";
- Contains string answer = String.Format("{@} and {1}",bob,val);
: i)nidert string [] words = answer.Split();
* a
* Replace O Consote.WrteLins(word);
 Substring }

 Trim



Enum by example

[Flags] // Attribute makes these combinable
enum Smell { Cheese = 1, Dirt = 2, Ale = 4};

enum Hobbit : byte { Frodo, Bilbo, Dopey };

static void DumpEnum(Enum e)
1
Type type = e.GetType();
Console.Writeline("Name {8}", type.Name);
Console.Writeline("Type {@}", Enum.GetUnderlyingType(type));

CAWindows\system32\cmd.exe

Mame Smell

Type Suystem.Int32
Enum has 3 values
Chee=ze, Ualue: 1
: Dirt, Value: 2

: Ale, Ualue: 4

var values = Enum.GetValues(type);
Console.Writeline("Enum has {8} values™”, values.length);

Mame Hohbhit

Type System.Byte

Enum has 3 values
Mame = Frodo,. Value: B
Mame:= Bilbo, Ualue: 1
Mame:= Dopey,. UValue:z 2

// Note int or byte as type fails here, but wvar works!
foreach (var wvalue in wvalues)

Console.Writeline("Name: {8}, Value: {@8:D}",value);
Console.Writeline();

1
1

Presz any key to continue . . .

static void Main(string[] args)
I
L
Smell smell Smell.Ale | Smell.Cheese|;
Hobbit tiny Hobbit.Bilbo;
DumpEnum(smell);
DumpEnum(tiny);
|

T




C# Differences

on
Conditionals require , no “if (int...)
Unified Type System (all objects derive from
, even 11, , etc.)
Noshadowing
No typedef Loring name - “Bob";

switch (name)

r
L
case "Bob"

Console.Writeline("Hoooaaa™);
break;
default :
throw new ArgumentException(”Broke™);

1
1

1
1
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Object Oriented

Syntax very C/C++ like
* Operator overloading
- No multiple inheritance
constructor initializes a class type
Constructor chaining
and and difference
classes
Can seal virtual methods
Abstract classes
Interfaces
« Multiple interfaces allowed
on function allows shadowing
Versus

19



Function Parameters

- Will return a value
- Can change a value

- Variable number of
parameters

/{ standard function call -
static double SgRoot(double val)L;J

[/ ref may return a parameter
static void DoubleIfPositive(ref double valﬂ..J

[/ out returns a parameter
static void GetValue(out double wval)

I
L

val = 1.8;

1

J
// params takes a variable number of parameters
static double Average(params double[] v315ﬂ..J

static void Main(string[] args)
{
double a;
GetValue(out a);
a = Mverage(a, 1, 2, 3, 4, 5);
DoubleIfPositive(ref a);
a = SgRoot(a);

1
J

20



and

No “->’, use’.’

Automatic properties

Properties

class Monkey

I

L

public string Name {get; set; }
private int hitPoints;

public int HitPoints

return hitPoints; }

r
L
I
L

if (value > 1000080)
throw new Exception("Super Monkey!™);
hitPoints = value;

1
J

1
]

static void Main(string[] args)

I
L

Monkey bonzo = new Monkey()
{ HitPoints = 18, Name = "Regan” };
bonzo.HitPoints = 188;

1
J

e



Calling a C/C++

[D11Import("z1ibl.d11", CallingConvention = CallingConvention.Cdecl)]
static extern short uncompress{IntPtr dest, ref uint destlen, IntPtr source, uint sourcelen);

[/ <summary>
// compress an array of bytes using z1libl.d1l
[/ </ summary >
// <param name="source">»</param>
[/ <returns></returns>
public static byte [] Compress{byte[] source)
{
uint sourcelen = (uint)source.length;
// do some checking on null references...

uint destlen = (uint)source.length®18;
byte[] dest = new byte[destlLen];

GCHandle hDest = GCHandle.Alloc(dest, GCHandleType.Pinned);
GCHandle hSource = GCHandle.Alloc(source, GCHandleType.Pinned);

try
{
short retval = compress(hDest.AddrOfPinnedObject(), ref destlen,hSource.Addr0fPinnedObject(), sourcelen);
if (retval != 8)
return null;
byte[] answer = new byte[destlen];
for (int pos = B; pos < destlen; ++pos)
answer[pos] = dest[pos];
return answer;
}
finally
{
hSource.Free();
hDest.Free();

}
¥ // Compress




Interfaces

Replaces C++ multiple-inheritance
- Similar to an abstract base class.
Defines a contract
- class must implement a set of members
Examples
- ICloneable - implements Clone, object copier
« IComparable — generic comparison
- IDisposable — release allocated resources,
- [Formattable — implements ToString()
- IEnumerable — allows looping

23



Interface example

A simple interface

// Annoying interface requires the Annoy member

interface IAnnoying
I
L
void Annoy(string phrase);
1

J
// Employee implements the annoying interface

i
class Employee : IAnnoying

5
I
L

LOOK AT ME

Prezz any key to continue . . .

public wvoid Annoy(string phrase)
I
1
Console.Writeline(phrase.TolUpper()); !
}

1

J

static void Main(string[] args)
{
Employee spaz = new Employee();
spaz.Annoy("look at me");

1
1

24



and

static void Main(string

and - walk {

object[] objArray = new object[6]

I

E 1
ObJ eCt new List<int»(), new HttpStylelUriParser(),

"hello”, 123, 123.4, null

hierarchies

foreach (object obj in objArray)

I

L

J// use "is" to see if one object can be cast to another
if (obj is string)

Console.Write("Yeah,");
Console.Write("No! ");
/f see if it is really a string

string s = obj as string;
if (s != null)

CAWindows\system32\cmd.exe

Mo!* not a string
Mo! not a string
Yeah,.'hello’ is a string
Mo! not a string

Mo!* not a string glse
Mo! not a string - . . " o
Press any key to continue . . . Console.Writeline("not a string”);

Console.Writeline( + 5 + is a string");




Garbage Collection

Performance excellent
Much quicker to develop code
Can control GC

 Finalize — deterministically release resources

- [Disposable — class implements Dispose
Advantages

« Much simpler to write code

- May be faster by caching and grouping deallocations
Disadvantages

- May be slower, but you can always manually do GC
Can be overriden to operate with pointers and
“unsafe” code.

26



Exception Handling

Like C++, but adds and
/ /

Exception provides:
- Can nest exceptions - InnerException
- Help link
- Message
« Source
- StackTrace — delivers stack trace
- TargetSite — get thrower

2T



Exception Example

static wvoid FunctionB()

I
L

ThrOW an exception throw new ArgumentException(“Dead™);

1
]

static woid FunctionA()
{
FunctionB();
1
static void Main(string[] args)

I
L

try { FunctionA();

catch (ArgumentException e)
1
Console.Writeline("Message: {8}",
Console.Writeline("Program: {@}",
Console.Writeline("Target |1 {8}",
Console.Writeline("Stack : {@}",

Message: Dead
Program: Exception
Target : Uoid FunctionB<(>
Stack = at Exception.Program.FunctionB{> in C::Users“Chris“Desktop CH# Talk-\C
ode~Exception~Program.cs:1line 12

at Exception.Program.FunctionfA{} in C::sUserssChrissDesktop~CH#H Talk“Code“Excep
tion~Program.cs:1line 16

at Exception.Program.Main{Stringl] args)> in C:sUsers“Chris“Desktop CH# Talk“Co
de“Exception~Program.cs:1line 26
Press any key to continue . . .

.Message);
.Source);
.TargetSite);
.StackTrace);

28



Example RAII

// leaks handles

SglConnection ¢nl = new SqlConnection(connectionString);
Bad S5glCommand cml = new SglCommand(commandString, cnl);

cnl.Open();

cml. ExecuteNonQuery();

- leaks on exceptions T oo

Better
o try/
Best

ff bESt
using (SglConnection en3 = new SqlConnection(connectionString))
using (SglCommand cm3 = new SglCommand(commandString, cn3))

I
L

cn3.0pen();

cm3 . ExecutelonQuery();
1
J

// using automatically calls Dispose, using IDispose,

[/ even if exceptions thrown

/f better

5glConnection cn2 = null;
5qlCommand cm2 = null,;
try

I
L
cn2 = new SglConnection(connectionString);

cm2 = new SglCommand(commandString, cn2);

cn2.0pen();
cm2 . ExecutelNonQuery();
cn2.Close();

1
J
finally

I
L

if (null !'= cm2)
cm2.Dispose();

if (null != cn2)
cn2.Dispose();

1
]




Preprocessor

Program

I
T

SYMBOL / static void Main(string[] args)
DEBUG standard debug symbol {

Monkey bonzo = new Monkey()
NO C++ Style macros 1 HitPoints = 18, Name = "Regan" };
/ bonzo.HitPoints = 1@8;
|

T

/ #region Monkey class

class Monkey
I

. L
e USCd fOI' COde fOldlng public string Name {get; set; }
private int hitPoints;
public int HitPoints

* warning
 checksum if (value > 1009000)

throw new Exception("Super Monkey!™);

hitPoints = wvalue;

1
]

1 return hitPoints; }
I
1

1
1

1
1

#endregion




Core Language

No time to cover all these:
- Interesting keywords:

5 b b

+ Boxing and unboxing

. constructors

 Generators through the keyword (2.0+)

« Anonymous delegates implement closure

« Anonymous methods

« Anonymous types

- Extension methods — can add functionality to built in types.

3



“loci” keyword

Threading

- makes easy mutual exclusive sections

Producer / consumer queue

static void Producer()

static object locker = new object();
static Queue<int> queue = new Queue<ints();

static void Consumer()

I
L

bool finished = false;
while (!finished)
{
int val = 8;
lock (locker)
{
finished = queue.Count == 8;
if (!finished)
val = queue.Dequeue();

1
1

Console.Write(val.ToString() + " "

Thread.Sleep(10);

1
1

{
for (int pos = @; pos < 18@; ++pos)
{
lock (locker)
1 // only allow one thread
i/ ho access gueue at a time
queue.Enqueue(pos);
Thread.Sleep(1@);

1
]

1
1

static void Main(string[] args)
{
for (int pos = @; pos < 5; ++pos)
new Thread(Producer).Start();
for (int pos = @; pos < 5; ++pos)
new Thread(Consumer).Start();

1
1

30



Events and Delegates

- Typesafe function pointer
« Allows “closure” — binding of values to variables

- Used to implement callbacks and event listeners.

- Objects can subscribe to events
- Allows listening to other objects and other threads

Fairly complicated to explore here

33



Lambda

[Lambda

- From formal language theory, the Lambda Calculus
- Requires C# 3.0
« Allows 1nline anonymous functions

Replaces the functor concept from C++ with a
much nicer, simpler syntax.

First class items - can be passed as function
arguments, for example.

34



Lambda and var example

¢ ___ ° static void Main(string[] args)
use ‘=>’ for a {
var array = new int[1624];
@; pos < array.length; ++pos)

transform R

var power? = Array.FindAll(array,x =» 8 == ((x-1)&x));
var haslé = array.Where(x =» x.ToString().Contains("16"));

ﬁﬁﬁay.SDPt(pawerﬂ, (x, v) =>y - x);

foreach (int n in power2)
Console.Write("{@} ",n);
Console.Writeline();

foreach (int n in haslé)
Console.Write("{@} ", n);
Console.Writeline();

1
J

CAWindowshsystem32cmd.exe

512 256 128 64 32 16 8 4 2 1 A H
16 116 168 161 162 163 164 165 166 167 168 169 216 316 416 516 616 716 816 2716 1.
Aib

Press any key to continue . l
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Generics

Generics
- Instantiated at runtime instead of at compile time
- Reflection allows discovery at runtime, unlike C++

// create a 2D point with formatting,

// which requires T formatting

class Point2D<T> : IFormattable where T : IFormattable
{
public T x,vy;

public string ToString(string format, IFormatProvider formatProvider)

I
L

return “(" + x.ToString() + "," + y.ToString() + ")";

1
1

class Program
I

L
static void Main(string[] args)
I
L
Point2D<int» pl = new Point2D<int>» {
Point2D<double> p2 = new PointZD<double>
Console.Writeline(pl);
Console.WritelLine(p2);

1
1

36



Documentation

XML based

NDOC to HTML help

SandCastle to HTML

Examples with Intellisense popups
Tags

Adds to Intellisense immediately

37



Attributes

Think of attributes as object “metadata”

Can make custom ones for your own uses
[Serializable]

- Makes a class serializable automagically
[Flags]
- Makes an work like flags (can combine)

|Obsolete]
[CLSCompliant]

38



Reflection

Allows runtime 1nspection of classes and
assemblies

Full type reflection and discovery

Used throughout the tools, IDE, and
verification code

39



LINQ — Language Integrated Query

Allows easy query of
- Databases
- Containers
- Local and remote objects and datastores

LINQ

40



Security

More typesafe than C++.
Buffer overflows caught.
Provable pieces of code.
Checked math

keyword catches over/undertflow
Casting to smaller types requires deliberate
cast.

41



Compilation

Compilation model
« No headers
« XML comments integrate well with IDE
- Intellisense much better and less error prone
« Many other IDE niceties
Just In Time (JIT)
* Charles Bloom calls JIT “Just Too Late”
Performance
¢ Much, much faster than C++ compilation times
« Seems to background compile all the time
« Need more data

42



JIT

NGEN.exe will convert to exe for you.

ILDISASM example,
C# code to 32 and 64 bit

static void Main(string[] args)

I
L

long sum = 8;

for (long pos = @; pos <« 10B@AGG; ++pos)

sum += pos;
Euﬂsule.writkLinE(5um};

1
J

ntr [rap+Zih]
otr [rapt+ZEh]

gword ptr [raptZ0h], rax

43



The .NET Libraries

Pre-invented wheels

44



.NET Libraries

Knowledge useable across all languages
Large class library
Evolves much faster than C++

 Could be bad, but so far seems good.
Hierarchical, much easier to use than Win32

API.

45



Regular expressions
Random numbers
File

 Isolated storage
Cryptography
Networking

« Low level and high level
Serial ports
Rich Imaging support

« 2D and 3D
Fonts
Text
System support

Processor info

Rich system counters through WMI
Extensive threading support
Diagnostics.Stopwatch

Library Examples

Date, Time, TimeSpan
Managed DirectX (add-on)
Internet protocols
« HTML and web requests
¢ Mail
- FTP
« More
Debug support
« Debug.Assert
« TraceListeners
Easy things to do:
« Split path into file and directory
- Walk directories
«  Get file sizes
Find drives, identify types
« Find # processors
Time execution of code

46



Containers

Type Function

Array static sized array

List dynamic sized array

BitArray Array of bool

Hashtable Standard hash table (key,value)
Queue Standard

SortedList Sorted upon inserts

Dictionary List of <key, value> pairs
HashSet Set of values

LinkedList Linked list

SortedDictionary List of <key,value>, sorted by key

47



Formatting

[Formattable interface
 Objects format themselves (with extensions)

{index|,alignment][:formatString]}

Slightly easier than stream overloading in C++

48



Networking

System.Net and System.Net.Sockets

Web protocols easy to use

- Http, Mail, Ftp, cookies, DNS, Credentials, IP Address,
TCP/IP, Sockets

static void Main(string[] args)

I
L

HttpllebRequest request = (HttpllebRequest)WebRequest.Create(args[0]);
HttpllebResponse response = (HttplebResponse)request.GetResponse();

[/{ Get the stream associated with the response.
Stream receiveStream = response.GetResponseStream();

[/ Pipes the stream to a higher level stream reader with the required encoding format.
StreamReader readStream = new StreamReader(receiveStream, Encoding.UTF8);

Console.Writeline(readStream.ReadToEnd());
response.Close();

readStream.Close();

1
1

49
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WPF

Windows Presentation Foundation
« New method of user interfaces
- Separates code from presentation

XAML defines the Ul, independent of the
application
Vector based instead of pixel based.

il



More

Web Apps

Silverlight,

WCF

XNA

ASP.NET

Can share code and knowledge between
windows and web apps

2



Visual Studio 2008 as an IDE

Enhancing productivity

53



pos < arrayl.le

Code refactoring tools
Class Diagram

Code Snippets

Code View Window
Excellent GUI Designer
Much more.

Nice tools added to C# before C++ by
Microsoft. .. Fratye vou tin(serinel] aree)

Organize Usings

cn.Close
( l;_z] Create Unit Tests...




THE END

Until next time
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