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NET

¢ The .NET Framework is a Platform (a Virtual Machine) executing
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programs in MSIL (Microsoft Intermediate Language [bytecode, p-
code]).

Microsoft provides compilers for C#, Visual Basic, JScript and
Managed C++.

Third party vendors have developed compilers for a number of
languages including: Java (Rational), Eiffel (Interactive Software
Engineering and Monash University), Perl (ActiveState), Python
(ActiveState), Scheme (North-western University), Smalltalk (Quasar
Knowledge Systems), Cobol (Fujitsu), Component Pascal
(Queensland University of Technology), APL (Dyalog), Standard
ML (Microsoft Research-Cambridge), Mercury (University of
Melbourne), Oberon (ETH Zentrum).
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NET — Common Language Runtime

¢ The NET Framework provides a run-time environment called the
Common Language Runtime which:

— manages the execution of code
— provides services that make the development process easier

¢ Code developed with a compiler targeting the CLR, is called
Managed Code and benefits from features like

- automatic memory management

- cross-language integration

- cross-language exception-handling
- enhanced security

- versioning and deployment

- debugging and profiling services
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NET — Common Language Runtime  (cont)

¢ To enable the runtime to provide services to managed
code, language compilers are required to emit Metadata,
which means that they provide information that describes
the types, members, and references in your code.

¢ Metadata 1s stored along with the code: every loadable
common language runtime 1image contains metadata.

¢ The runtime uses metadata to locate and load classes, lay
out mstances in memory, resolve method invocations,
generate native code, enforce security, and set up run time
context boundaries.
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NET — Common Language Runtime  (cont)

¢ The runtime automatically handles object layout and manages
references to objects, releasing them when they are no longer being
used.

¢ Objects whose lifetimes are managed in this way by the runtime are
called Managed Data.

& Automatic memory management eliminates memory leaks as well as
some other common programming errors.

¢ If your code is managed, you can use managed data; however, you can
instead use unmanaged data if you wish, or you can use both managed
and unmanaged data in your .NET application. Because language
compilers supply their own types, such as primitive types, you might
not always know (or need to know) whether your data is being
managed.
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NET — Common Language Runtime  (cont)

¢ The Common Language Runtime makes it easy to design components
and applications whose objects interact across languages.

¢ Objects written in different languages can communicate with each
other, and their behaviours can be tightly integrated. For example, you
can define a class, then, using a different language, derive a class from
your original class or call a method on it. You can also pass an
instance of a class to a method on a class written in a different
language.

¢ This cross-language integration 1s possible because language
compilers and tools that target the runtime use a common type system
defined by the runtime, and they follow the runtime's rules for
defining new types, as well as creating, using, persisting, and binding
to types.
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NET — Common Language Runtime  (cont)

¢ As part of their metadata, all managed components carry information
about the components and resources they were built against.

¢ The runtime uses this information to ensure that your component or
application has the specified versions of everything it needs; as a
result, your code is less likely to break due to some dependency not
being met.

¢ Registration information and state data are no longer stored in the
registry where 1t can be difficult to establish and maintain; instead,
information about the types you define (and their dependencies) 1s
stored with the code as metadata, making the tasks of component
replication and removal much less complicated.
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NET — Managed Execution

¢ The first step 1n the managed execution process is
designing the source code.

¢ If you want your application to have the benefits provided
by the Common Language Runtime, you must use one (or
more) language compilers that target the runtime, such as
Visual Basic, C#, Visual C++, or one of many third party
compilers such as a Perl or COBOL compiler.
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NET — Managed Execution (cont)

¢ Because the runtime 1s a multi-language execution environment, it
supports a wide variety of data types and language features.

¢ The language compiler you are using determines what subset of the
runtime's functionality is available, and you design your code using
the features available in your compiler.

¢ The syntax you use in your code is determined by the compiler, not by
the runtime.

¢ If your component 1s required to be completely usable by components
written in other languages, you must use only language features that
are included in the Common Language Specification (CLS) in your
component's exported types.
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NET — Managed Execution (cont)

¢ Once your code is written, you compile it, and the compiler translates
it to Microsoft Intermediate Language (MSIL) and generates the
required metadata. When you are ready to execute your code, the
MSIL gets compiled into native code by a Just In Time (JIT)
compiler. If security policy requires the code to be type-safe, the IL is
checked for type-safety as part of the JIT compilation process; if the
type-safety check fails, an exception is thrown when the code is
executed.

¢ During execution, the runtime provides services that include automatic
memory management, debugging support, enhanced security, and
interoperability with unmanaged code, such as COM components.
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NET - Assemblies

¢ A .NET application consists of one or more assemblies.

¢ An assembly is the functional unit of sharing and reuse in
the Common Language Runtime.

¢ It is a reusable, versionable, and self-describing
building block of a .NET application.

¢ An assembly forms the boundary for security,
deployment, and type resolution.

¢ The assembly is also the smallest unit that can be
versioned. The runtime can only execute code located in
assemblies. All code, whether 1t be a programming or
scripting language, is run from assemblies.
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¢

NET — Assemblies - Assembly’s Manifest

An assembly’s manifest contains information on all items considered
part of an assembly; this information is known as the assembly's
metadata.

The manifest indicates what items are exposed outside of the
assembly and what items are accessible only within the current
assembly’s scope.

The assembly’s manifest also contains a collection of references to
other assemblies.

These references are resolved by the runtime based on information
stored in the manifest. The assembly's manifest contains all
information needed to use an assembly.

All assemblies have a manifest, and all applications that use the
runtime must be made up of an assembly or assemblies. All files that
make up the assembly must be listed in a manifest

Maurizio Martignano
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NET — Assemblies - Assembly’s Manifest
(cont)

¢ The manifest can be stored in several ways.

¢ For an assembly with one associated file, the manifest 1s incorporated
into the PE file to form a single-file assembly.

¢ A multi-file assembly can be created with either the manifest as a
stand-alone file or incorporated into one of the PE files in the
assembly.

¢ The manifest contains the following information:
— Assembly name - contains a textual string name of the assembly.

— Version information - consists of a major and minor version number,
and a revision and build number. These numbers are used by the runtime
when enforcing version policy.

— Shared (strong) name information - contains the public key from the
publisher and a hash of the file containing the manifest signed with the
publisher's private key.
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NET — Assemblies - Assembly’s Manifest
(cont)

— Culture, processor and OS supported - contains information on the
cultures, processors, and operating systems the assembly supports.

— List of all files in the assembly - consists of a hash of each file contained
in the assembly and a relative path to the file from the manifest file. Note
that all files that make up the assembly must be in the same directory as
the manifest file.

— Type reference information - contains information used by the runtime
to map a type reference to the file that contains its declaration and
implementation.

— Information on referenced assemblies - contains a list of other
assemblies that are statically referenced by the assembly. Each reference
includes the dependent assembly's name, metadata (version, culture, OS,
etc.), and public key if the assembly is shared.
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NET — Assemblies - Assembly’s Manifest
(cont)

¢ A developer can also set, in code, custom assembly attributes. These
attributes are informational only and are not used by the runtime in
any way. Custom attributes include:
— Title - Provides a friendly name, which can include spaces. For example,

the assembly name of an assembly might be “comdlg,” while the
assembly title would be “Microsoft Common Dialog Control.”

— Description - a short description of the assembly.

— Default Alias - Provides a friendly default alias in cases where the
assembly name is not friendly or a GUID.

— Configuration information - consists of a string that can be set to any
value for configuration information such as Retail or Debug.

— Product information such as Trademark, Copyright, Product, Company,
and Informational Version.
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NET — Common Types System

¢ The Common Type System describes the types supported
by the runtime and specifies how those types can interact
with each other and how they are persisted in metadata.

¢ A Type defines allowable values and the operations
supported by those values. The types in the runtime's type
system include classes, interfaces, and value types

¢ Types can have methods that describe the operations on
the type as well as other members such as fields,
properties, and events.

Maurizio Martignano
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NET — CTS - Classes

& Class characteristic

sealed — You cannot derive another class from this one.

implements — The class fulfills the contract specified by one or
more interfaces.

abstract — You cannot create an instance of the class. If you want
to use it, you must derive another class from it.

inherits — Indicates that instances of the class can be used
anywhere the base class 1s specified. A derived class that inherits
from a base class can use the implementation of any virtual
methods provided by the base class, or the derived class can
override them with its own implementation.

exported or not exported — Indicates whether a class is visible
outside the assembly.

Maurizio Martignano
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NET — CTS - Classes (cont)

& Member characteristic

— abstract — This virtual method has no implementation. If you inherit from
the class that it is a member of, you must implement this member if you
want to instantiate the derived class.

— private — Accessible only from within the same class as the member or
within a nested class.

— family — Accessible from within the same class as the member and from
subtypes that inherit from it.

— assembly — Accessible only from within the assembly that contains the
member's implementation.

— family or assembly — Accessible only from classes that qualify for either
family or assembly access.

— family and assembly — Accessible only from classes that qualify for both
family and assembly access.

— public - Accessible from any class.

Maurizio Martignano
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NET — CTS - Classes (cont)

— final — You cannot override this virtual method in a derived class.

— overrides — The virtual method's implementation replaces the
implementation supplied by a member of the class from which it
derives.

— static — The member belongs to the class it is defined on, not to a
particular instance of the class; the member exists even if the class
is not instantiated, and it is shared among all instances of the class.

— overloads — The method has the same name as another member
defined in the same type, but it differs in some way from the other
method(s) with the same name; for example, its parameter types,
the order of parameter types, or the calling convention might be
different.
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NET — CTS - Classes (cont)

— virtual — The method can be implemented by a subclass, and can
be invoked either statically or dynamically. If dynamic invocation
is used, the type of the instance that 1s used to make the call at run
time determines which implementation of the method to call,
instead of the type known at compile time.

— synchonized - The runtime ensures that only one thread of
execution at a time can access the implementation. This
characteristic can be applied to static methods as well as instance
and virtual methods.
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NET — CTS - Interfaces

Interfaces define a set of functionality that classes can implement;
however, interfaces contain no implementation, except for static
methods and static fields.

An interface specifies a contract that a class implementing the
interface must follow. Interfaces can contain static or virtual methods,
static fields, properties, and events.

All interface members must be public. Interfaces cannot define
constructors.

The runtime allows an interface to require that any class that
implements 1t must also implement one or more other interfaces.

To simplify the definition of interfaces, some languages do not require
interface characteristics to be applied explicitly because those
characteristics already apply implicitly. For example, all interfaces are
implicitly abstract, and every member of the interface is implicitly
abstract.
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NET — CTS - Value Types

¢ Most programming languages provide built-in data types,
like integers and floating point numbers, that are copied
when they are passed as arguments.

¢ This differs from the way objects are treated: they are
always passed by reference.

¢ The runtime generalizes the idea of built-in data types to
allow for user-defined data types that are passed by value.
These types are called value types.
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NET — CTS - Value Types (cont)

¢ Value types are stored as efficiently as primitive types, yet
you can call methods on them, including the virtual
methods defined on the System.Object class as well as
any methods defined on the value type itself.

¢ Value types are sealed, meaning that no other type can be
derived from them. However, you can define virtual
methods directly on the value type, and these can be called
on either the boxed or unboxed form of the value type.

Fall 2007 Maurizio Martignano
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NET — Class Library

¢ The .NET Framework includes classes, interfaces, and value types that
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help expedite and optimise the development process and give you
access to system functionality. To facilitate interoperability between
languages, the .NET Framework types are CLS-compliant and can be
used from any language compiler that targets the Common Language
Runtime.

The .NET Framework includes types that encapsulate data structures,
perform I/O, give you access to information about a loaded class, and
provide a way to invoke .NET Framework security checks, as well as
classes that encapsulate exceptions, and other helpful functionality
such as data access, server controls and rich GUI generation. These
types are designed to be the foundation on which .NET applications,
components, and controls are built.
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¢

NET — Metadata and Self Describing
Components

Metadata is binary information describing your code that is either
stored in a .NET Framework portable executable (PE) file or in
memory.

When your code is compiled into a PE file, metadata is inserted into
one portion of the file while your code is converted to Microsoft
intermediate language (MSIL) and inserted into another. Every type
and member defined and referenced in a file or assembly is described
within metadata.

When code is executed, the Common Language Runtime loads
metadata information into in-memory data structures that it references
when it requires information about your code's classes, members,
inheritance, etc.

Runtime reflection services are used to retrieve information from in-
memory data structures.
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NET — Metadata and Self Describing
Components (cont)

¢ Metadata provides a common frame of reference that enables
communication between the runtime, compilers, debuggers, and code
that has been compiled into MSIL.

¢ It enables the runtime to locate and load your code, generate native
code at runtime, and provide memory management services. The
runtime is able to track which portions of memory your code is
allowed to access and prevent it from accessing memory that it
shouldn't.

¢ Metadata also helps the runtime and garbage collection keep track of
memory that will be released back to the operating system when it 1s
no longer needed.

¢ The information stored in metadata also enables the Common
Language Runtime to enforce security by tracking the access-
privileges that your code requests and 1s granted.
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NET — Cross Language Interoperability

¢ Before the Common Language Runtime was available, objects

compiled by different language compilers could communicate only if
they followed an established binary standard.

NET Framework objects automatically have the ability to
communicate and interact with each other, even if they are written in
different languages. Objects can call methods on other objects, inherit
implementation from other objects, and pass instances of a class to
another class's methods, regardless of the language they are
implemented in.

Exception handling reveals another aspect of language
interoperability: the runtime enables exceptions to be handled the
same way across languages.
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NET — Cross Language Interoperability
(cont)

¢ In some scenarios, language interoperability is particularly
desirable. For example, 1f you are writing components for
a distributed Web application, it would be helpful to know
that no matter what language you choose to write your
components 1n, they can interact closely with each other
and with components supplied by other developers.

¢ Language interoperability 1s also significant with respect
to class library development. Because the runtime enables
and supports language interoperability, you can develop
class libraries that can be called from any language.
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NET - Security

¢ The .NET Framework provides two mechanisms for protecting
resources and code from unauthorized code and users:

¢ Code access security uses permissions to control the access code has
to protected resources and operations. It helps protect computer
systems from malicious mobile code and provides a way to allow
mobile code to run safely.

¢ Role-based security provides information needed to make decisions
about what a user 1s allowed to do. These decisions can be based on
either the user's identity or role membership or both.
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C# - Introduction

¢ C# is one of the languages supported by the NET
Framework.

¢ “C#1s a simple, modern, object oriented, and type-safe
programming language derived from C and C++. C# is
firmly planted in the C and C++ family tree of languages,
and will immediately be familiar to C and C++
programmers. C# aims to combine the high productivity of
Visual Basic and the raw power of C++.”
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C# - Program Structure

¢ C# programs can consist of one or more files.

¢ Each file can contain one or more namespaces.

¢ A namespace can contain types such as classes, structs,
interfaces, enumerations, and delegates, in addition to
other namespaces.
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C# - Program Structure (cont)

¢ The following is the skeleton of a C# program that contains all of
these elements (See HelloWorld.cs)

/Il A skeleton of a C# program using System; namespaceviyNamespacel {
class MyClassl { }
struct MyStruct { }
interface  IMylinterface { }
delegate int MyDelegate();
enumMyEnum { }
namespaceviyNamespace2 { }
class MyClass2 {
public static void Main(string[] args) { }

}
}

Maurizio Martignano
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C# - Types

Types

Value ﬂ/pes

//'\ Pointer Types

struct enum numerical bool

/N Reference Types

integral floating point  decimal ol
(128) elegate
sbyte short flogt\

ushort double class interface

(8) (16)
Int long object string
uint ulong
(32) (64)
Fall 2007 Maurizio Martignano
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C# - Types — Boxing/Unboxing

¢ A boxing conversion permits any value-typeto be
Implicitly converted to the type object or to any
Interface-type implemented by the value-type. Boxing a
value of a value-type consists of allocating an object
instance and copying the value-type value into that
instance.

¢ The actual process of boxing a value of a value-type is
best explained by imagining the existence of a boxing
class for that type. For any value-type T, the boxing class
would be declared as follows:
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C# - Types — Boxing/Unboxing (cont)

class T_Box {

T value;

T Box(Tt){
value = t;

}

}

¢ See Box.cs
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C# - Varniables

¢ C# defines seven categories of variables: static variables, instance
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variables, array elements, value parameters, reference
parameters, output parameters, and local variables. The sections
that follow describe each of these categories.

In the example

class A {
public static int Xx;
inty;
void F(int[] v, int a, ref int b, out int ¢) {
inti=1;
C=a+ b++;
}
}

X 18 a static variable, Y is an instance variable, V[0] is an array element,
a is a value parameter, b is a reference parameter, C is an output
parameter, and | is a local variable.

Maurizio Martignano
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C# - Expressions

¢ Like C, C++ and Java.
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C# - Statements

¢ Like C, C++ and Java, with some changes in the switch, and the
addition of checked, unchecked and lock.

¢ Unlike the C++ switch statement, C# does not support fall through
from one case label to another.

¢ The checked and unchecked statements are used to control the
overflow checking context for integral-type arithmetic operations and
conversions.

¢ The lock statement obtains the mutual-exclusion lock for a given
object, executes a statement, and then releases the lock.

Maurizio Martignano
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C# - Statements

class Test {

}

Fall 2007

static int x = 1000000;
static int y = 1000000;
static int F() {
/I Throws OverflowException
return checked(x * y);
}
static int G() {
Il Returns -727379968
return unchecked(x * y);
}
static int H() {
/[ Depends on default
return x *y;

}

Maurizio Martignano
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C# - Statements (cont)

& A lock statement of the form

lock (X) ...

¢ where X is an expression of a reference-type, is precisely
equivalent to

System.Threading.Monitor.Enter(x);
try {

} finally {
System.Threading.Monitor.EXxit(x);

}
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C# - Namespaces

¢ Like in C++, the namespace mechanism allows an application
to be partitioned into number of subsystems. Each subsystem
can define and operate within its own scope. Each developer i1s
free to introduce whatever identifiers are convenient within a
subsystem without worrying about whether such i1dentifiers are
being used by someone else. The subsystem scope is known
throughout the application by a unique identifier.

¢ It only takes two steps to use C# namespaces. The first 1s to
uniquely 1dentify a name space with the keyword namespace.
The second 1s to access the elements of an 1dentified namespace
by applying the using keyword (See example Namespaces).
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C# - Classes

C# Classes extend the concept of Classes of Java and C++: a class in
C# contains fields, methods, events, properties and indexers.

An event is a member that enables an object or class to provide
notifications. Clients can attach executable code for events by
supplying event handlers.

A property is a member that provides access to an attribute of an
object or a class. Examples of properties include the length of a string,
the size of a font, the caption of a window, the name of a customer,
and so on.

An indexer is a member that enables an object to be indexed in the
same way as an array.

Maurizio Martignano
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C# - Classes - Constants

¢ A constant is a class member that represents a constant
value: a value that can be computed at compile-time. A
constant-declaration introduces one or more constants of a
given type.

class A {
public const double X = 1.0, Y =2.0, Z=3.0;

}

class A {
public const int X =B.Z + 1;
public constint Y = 10;

}

class B {
public constintZ=A.Y + 1;

}
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C# - Classes — Access Control

¢ The declared accessibility of a member can be one of the following
(see example AccCnt):

— Public, which is selected by including a public modifier in the member
declaration. The intuitive meaning of public is “access not limited”.

— Protected internal (meaning protected or internal), which is selected by
including both a protected and an internal modifier in the member
declaration. The intuitive meaning of protected internal is “access
limited to this program or types derived from the containing class™.

— Protected, which is selected by including a protected modifier in the
member declaration. The intuitive meaning of protected is “access
limited to the containing class or types derived from the containing class™.

Maurizio Martignano

Copyright © 2007 44

Fall 2007



Fall 2007

C# - Classes — Access Control (cont)

— Internal, which is selected by including an internal modifier in
the member declaration. The intuitive meaning of internal is
“access limited to this program”.

— Private, which is selected by including a private modifier in the
member declaration. The intuitive meaning of private is “access
limited to the containing type”.
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C# - Classes — Static Methods

¢ When a method declaration includes a static modifier, the
method 1s said to be a static method. When no static
modifier 1s present, the method 1s said to be an instance
method.

¢ A static method does not operate on a specific instance,
and it is an error to refer to this in a static method. It is
furthermore an error to include a virtual, abstract, or
override modifier on a static method.

¢ An instance method operates on a given instance of a
class, and this instance can be accessed as this (see
example Static).
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C# - Classes — Non-Virtual, Virtual, Abstract,
New and Override Methods

¢ The implementation of a non-virtual method is invariant: the
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implementation is the same whether the method is invoked on an
instance of the class in which it 1s declared or an instance of a derived
class.

In contrast, the implementation of a virtual method can be changed
by derived classes.

An abstract method declaration introduces a new virtual method but
does not provide an implementation of the method. Instead, non-
abstract derived classes are required to provide their own
implementation by overriding the method. Because an abstract method
provides no actual implementation, the body of an abstract method
simply consists of a semicolon.
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C# - Classes — Non-Virtual, Virtual, Abstract,
New and Override Methods (cont)

¢ A class declaration is permitted to declare a method (member) with the
same name or signature as an inherited member. When this occurs, the
derived class member is said to hide the base class member. Hiding an
inherited method (member) is not considered an error, but it does
cause the compiler to issue a warning. To suppress the warning, the
declaration of the derived class member can include a new modifier to
indicate that the derived member is intended to hide the base member.
This topic is discussed further in.

¢ When an instance method declaration includes an override modifier,
the method is said to be an override method. An override method
overrides an inherited virtual method with the same signature.
Whereas a virtual method declaration introduces a new method, an
override method declaration specializes an existing inherited virtual
method by providing a new implementation of the method.

¢ Sce example Geometry.
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C# - Classes - Properties

¢ A property is a member that provides access to an attribute of an

object or a class. Examples of properties include the length of a string,
the size of a font, the caption of a window, the name of a customer,
and so on.

Properties are a natural extension of fields—both are named members
with associated types, and the syntax for accessing fields and
properties is the same. However, unlike fields, properties do not
denote storage locations. Instead, properties have accessors that
specify the statements to execute in order to read or write their values.

Properties provide a mechanism for associating actions with the
reading and writing of an object’s attributes, and they furthermore
permit such attributes to be computed.

Maurizio Martignano
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C# - Classes — Properties (cont)

¢ A property that includes both a get accessor and a set
accessor is said to be a read-write property.

¢ A property that has only a get accessor is said to be a
read-only property. It is an error for a read-only property
to be the target of an assignment.

¢ A property that has only a set accessor 1s said to be a
write-only property. Except as the target of an assignment,
it 1s an error to reference a write-only property in an
expression.
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C# - Classes — Properties

public class Button: Control {
private string caption;
public string Caption {
get {
return caption;

}
set {
if (caption !=value) {
caption = value;
Repaint();
}
}
}

public override void Paint(Graphics g, Rectangle r) {
/[ Painting code goes here

}
}

¢ Sce example Stack.
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C# - Classes - Events

¢ An event is a member that enables an object or class to provide
notifications. Clients can attach executable code for events by
supplying event handlers.

public class LoginDialog: Form {

Button OkButton;

Button CancelButton;

public LoginDialog() {
OkButton = new Button(...);
OkButton.Click += new EventHandler(OkButtonClick);
CancelButton = new Button(...);
CancelButton.Click += new EventHandler(CancelButtonClick);

void OkButtonClick(object sender, Event e) {
// Handle OkButton.Click event

void CancelButtonClick(object sender, Event e) {
/l Handle CancelButton.Click event

}
}

¢ Sece example Events.
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C# - Classes - Indexers

¢ An indexer is a member that enables an object to be
indexed 1n the same way as an array.

¢ [TBD]

¢ Sce example Indexers.
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C# - Classes - Destructors

A destructor is a member that implements the actions required to
destruct an instance of a class.

Destructors are not inherited. Thus, a class has no other destructors
than those that are actually declared in the class.

Destructors are invoked automatically, and cannot be invoked
explicitly. An instance becomes eligible for destruction when it is no
longer possible for any code to use the instance. Execution of the
destructor for the instance may occur at any time after the instance
becomes eligible for destruction. When an instance 1s destructed, the
destructors in an inheritance chain are called 1n order, from most
derived to least derived.

Why do Destructor exist?
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C# - Classes - Operators

¢ C#, like C++, allows the programmers to overload some of
the operators.

¢ [TBD]
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C# - Structs

¢ C# structures are like Classes, only they are value types
and not reference types.

¢ [TBD]
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¢

C# - Interfaces

An interface defines a contract. A class or struct that implements an
interface must adhere to its contract. An interface may inherit from
multiple base interfaces, and a class or struct may implement multiple
interfaces.

Interfaces can contain methods, properties, events, and indexers.
The interface itself does not provide implementations for the members
that it defines. The interface merely specifies the members that must
be supplied by classes or interfaces that implement the interface.

An interface declaration may declare zero or more members. The
members of an interface must be methods, properties, events, or
indexers.

An interface cannot contain constants, fields, operators,
constructors, destructors, static constructors, or types, nor can an
interface contain static members of any Kind.
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C# - Interfaces (cont)

¢ All interface members implicitly have public access. It is an error for
interface member declarations to include any modifiers. In particular,
interface members cannot be declared with the abstract, public,
protected, internal, private, virtual, override, or static modifiers.

public delegate void StringListEvent(IStringList sender);
public interface IStringList {
void Add(string s);
int Count { get; }
event StringListEvent Changed;
string this[int index] {
get;
set;
}
}

¢ Sce example Adventure.
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C# - Enums

¢ An enum type is a distinct type with named constants.
Enum declarations may appear in the same places that
class declarations can occur.

¢ The example

enum Color {

Red,
Green,
Blue

}

¢ declares an enum type named Color with members Red,
Green, and Blue.

Maurizio Martignano
Copyright © 2007

59



C# - Delegates

¢ Delegates enable scenarios that other languages — C++, Pascal,
Modula, and others — have addressed with function pointers. Unlike
C++ function pointers, delegates are fully object oriented; unlike
C++ pointers to member functions, delegates encapsulate both an
object instance and a method.

¢ A delegate declaration defines a class that extends the class
System.Delegate. A delegate instance encapsulates a method — a
callable entity. For instance methods, a callable entity consists of an
instance and a method on the instance. For static methods, a callable
entity consists of just a method. If you have a delegate instance and an
appropriate set of arguments, you can invoke the delegate with the
arguments.
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C# - Delegates (cont)

¢ An interesting and useful property of a delegate 1s that it
does not know or care about the class of the object that 1t
references. Any object will do; all that matters 1s that the
method’s signature matches the delegate’s. This makes
delegates perfectly suited for “anonymous” invocation.

¢ Sce example Delegates.
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C# - Exceptions

¢ Exceptions in C# provide a structured, uniform, and type-safe way of
handling both system level and application level error conditions. The
exception mechanism is C# 1s quite similar to that of C++, with a few
important differences:

— In C#, all exceptions must be represented by an instance of a class type
derived from System.Exception. In C++, any value of any type can be
used to represent an exception.

— In C#, a finally block can be used to write termination code that executes
in both normal execution and exceptional conditions. Such code is
difficult to write in C++ without duplicating code.

— In C#, system-level exceptions such as overflow, divide-by-zero, and
null dereferences have well defined exception classes and are on a par
with application-level error conditions.
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C# - Exceptions (cont)

¢ Exception can be thrown in two different ways.

— A throw statement throws an exception immediately and
unconditionally. Control never reaches the statement immediately
following the throw.

— Certain exceptional conditions that arise during the processing of
C# statements and expression cause an exception in certain
circumstances when the operation cannot be completed normally.
For example, an integer division operation throws a
System.DivideByZeroException if the denominator is zero. See
for a list of the various exceptions that can occur in this way.
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C# - Exceptions (cont)

¢ The System.EXxception class is the base type of all
exceptions. This class has a few notable properties that all
exceptions share:

Message is a read-only property that contains a human-readable
description of the reason for the exception.

InnerException is a read-only property that contains the “inner
exception” for this exception. If this is not null, this indicates that
the current exception was thrown in response to another exception.
The exception that caused the current exception is available in the
InnerException property.

— The value of these properties can be specified in the constructor
for System.Exception.
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¢

C# - Exceptions (cont)

Exception are handled by a try statement.

When an exception occurs, the system searches for the nearest catch
clause than can handle the exception, as determined by the run-time
type of the exception.

First, the current method 1s searched for a lexically enclosing try
statement, and the associated catch clauses of the try statement are
considered 1n order. If that fails, the method that called try statement,
and the current method 1s searched for a lexically enclosing try
statement that encloses the point of the call to the current method.

This search continues until a catch clause is found that can handle the
current exception, by naming an exception class that is of the same
class, or a base class, of the run-time type of the exception being
thrown.

A catch clause that doesn’t name an exception class can handle any
exception.
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C# - Exceptions (cont)

¢ If no matching catch clauses is no found, one of two things occurs:

— If the search for a matching catch clause reaches a static constructor or
static field initializer, then a System.TypelnitializationException is
thrown at the point that triggered the invocation of the static constructor.
The inner exception of the TypelnitializationException contains the
exception that was originally thrown.

— If the search for matching catch clauses reaches the code that initially
started the thread or program, then execution of the thread or program is
terminated.

& C# exceptions are similar to Java ones, exceptt her ed0s no
clause so they all are unchecked. The C# compi |l er
that exceptions are handled.

O ~+
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C# - Attributes

¢ An attribute is a piece of additional declarative information that is
specified for a declaration. Attributes can be specified for fype-
declarations, class-member-declarations, interface-member-
declarations, enum-member-declarations, property-accessor-
declarations and formal-parameter declarations.

¢ Attributes are specified in attribute sections. Each attribute section is
surrounded in square brackets, with multiple attributes specified in a
comma-separated lists. The order in which attributes are specified, and
the manner in which they are arranged in sections 1s not significant.
The attribute specifications [A][B], [B][A], [A, B], and [B, A] are
equivalent.

¢ Sce example Attributes.
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C# - Threading

¢ TBD
¢ Sce threading examples.
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C# - Unsave Code

¢ C# allows you to write unmanaged code — code using
pointers — 1n cases where performance 1s critical or 1n
other situations where pointers are required.

¢ Note that unmanaged code 1s not verifiable by the
Common Language Runtime and can only be executed
when trusted.

¢ Sce example Unsafe.
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C# - COM Interoperability

¢ C# uses attributes to implement interoperability with old
COM (non COM+) components.

¢ IBD
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C# - C# versus C++

¢ Inheritance: A class can inherit implementation from one
base class only. Also a class or an interface can implement
multiple interfaces.

¢ Arrays: The syntax of declaring C# arrays 1s different from
that of C++ arrays. The tokens "[]" appear following the
array type in C#.

¢ The bool type: There 1s no conversion between the bool
type and other types (specifically int).

& The switch statement: Unlike the C++ switch statement,
C# does not support fall through from one case label to
another.
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C# - C# versus C++ (cont)

¢ The delegate type: Delegates are roughly similar to
function pointers in C++, but they are type-safe and
secure.

¢ Calling the overridden base class members from derived
classes.

¢ Using the new modifier to explicitly hide an mnherited
member.

¢ Decclaring override methods requires the override
keyword.

¢ Preprocessor directives are used for conditional
compilation. No header files are used in C#.
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C# - C# versus C++ (cont)

¢ Exception handling: Using the finally statement.

¢ C# operators: C# supports additional operators such as is
and typeof. It also introduced different functionality of
some logical operators.

¢ Use of the extern keyword.
¢ Use of the static keyword.

¢ An alternative way to the C++ nitialisation list in
constructing the base class.

¢ The general structure of the C# program: namespaces,
classes, structs, delegates, and enumerations
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C# - C# versus C++ (cont)

¢ The Main method is declared differently from the main
function in C++. Also, compare the usage of the
command-line arguments for each language.

¢ Method parameters: C# supports ref and out parameters,
which are used instead of pointers in passing parameters
by reference.

¢ Pointers are allowed in C# but only in unsafe mode.
¢ Overloading operators 1s performed differently in C#.
¢ Strings: C# strings are different from C++ strings.
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C# - C# versus Java

Java

® & ¢ O ¢ o 2

2

Fall 2007

new, bool, this, break, static,class,

C#

*

throw, virtual, abstract, null...

super
import
package
synchronized
final

APIs
(eg. Java.lang.Object)

® 6 6 O ¢ o

¢
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throw, virtual, abstract, null...

base

using
namespace
lock
sealed

APIs
(e.g. System.Object)
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C# - C# versus Java (cont)

¢ Access modifiers: Protected access in Java is called
protected internal in C# and package access 1n Java 1s
called internal. The default in Java 1s the package access,
in C# 1s private.

¢ Exceptions: There 1s no throws clause in C#, all
exceptions are unchecked.

¢ Mectadata: C# has extended the reflection concept of Java
with custom attributes

¢ Versioning: C# provides versioning support, Java doesn’t.

¢ Ref & Out parameters: Just not there 1n Java.
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C# - C# versus Java (cont)

¢ Virtual Methods: By default all methods are virtual in Java
while they are non-virtual in C#.

¢ Enums: Java doesn’t implement enums (claiming that they
aren’t object oriented). Enums are a lot more typesafe than
Java static final constant.

¢ Deccimal data type: C# provides a 128 decimal type, Java
doesn’t.

¢ Switch statement: No fall trough to the next case in C#. C#
implementation is safer.

¢ Delegates: Full object oriented function pointers. C#
provides them, Java doesn’t.
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C# - C# versus Java (cont)

¢ Value Types: C# provides them, Java doesn’t. [?77]

¢ Properties: Properties in C# have a much better
implementation than JavaBeans properties (just a naming
convention).

¢ foreach statement: C# provides it, Java doesn’t.

¢ Operator overloading: C# provides, Java doesn’t.

Q: Is C# a Java clone?
A: C# 1s not a Java clone, 1t’s a MemberWiseClone...
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NET/C# Summary

NET/C#
— .NET Framework

» Common Language Runtime

» Managed Execution

» Common Types System

» Class Library

» Metadata and Self Describing
Components

» Cross Language
Interoperability

» Security
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Further Reading

¢ NET Framework Documentation
http://msdn.microsoft.com/net/

¢ Visual Studio .NET Documentation
http://msdn.microsoft.com/vstudio/nextgen/default.asp

& Tom Archer, “Inside C#”, Microsoft Press, 2007, ISBN 0-
7356-1288-9
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