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What Are Generics?
Generic programming is a style of computer programming in which algorithms are written in terms of to-be-specified-later types that are then instantiated when needed for specific types provided as parameters.
This permits writing common functions or types that differ only in the set of types on which they operate when used, thus reducing duplication.
Software entities created using generic programming are known as generics in Ada, Eiffel, Java, C#, VB .NET and Haskell; templates in C++; and parameterized types in the influential 1994 book Design Patterns.
The authors of Design Patterns note that this technique, especially when combined with delegation, is very powerful but that "Dynamic, highly parameterized software is harder to understand than more static software." (Gang of Four 1995:21)

Generics are objects. The type parameter on a generic class becomes metadata that the runtime uses to build appropriate classes when needed. 

Generics support:

· inheritance, 

· polymorphism

· encapsulation
Generics can define

· methods

·  properties

·  Fields

· Classes

· Interfaces

· delegates.

When a generic class is compiled, it is no different from a regular class. The result of the compilation is nothing but metadata and CIL Common Intermediate Language. The CIL is parameterized to accept a user-supplied type somewhere in code. 

Instantiating Generics Based on Value Types

To avoid boxing the implementation of generics is different for value-based type parameters than for generics with reference type parameters.

The runtime creates new specialized generic types for each new parameter value type, one for int, one for long, one for double, etc….

Instantiating Generics Based on Reference Types

Each time a constructed type is instantiated with a reference type parameter, the runtime reuses the previously generated version of the generic type, even if the reference type is different from the first reference type. ( String vs custom class )
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Why Generics?
To understand the importance of generics let's start by seeing some kind of problems which can be solved by it.
 
ArrayList: A traditional Collection

Let's start by creating an ArrayList to hold stack-allocated data.
As you may know, the ArrayList collection can receive and return only Object type, so the runtime will convert the value type (stack-allocated) automatically via boxing operation into Object (heap-allocated).

 
ArrayList intList = new ArrayList();
intList.Add(5);
//add a value type to the collection (boxing)
To retrieve the value from the ArrayList you must unbox the heap-allocated object into a stack-allocated integer using a casting operation.

//unboxing
int x = (int)intList[0];
 

Problems with stack/heap memory transfer
· Can have a big impact on performance of the application. Boxing and unboxing cause the following steps to occur:

· A new object must be allocated on the managed heap. 

· The value of the stack-allocated type must be transferred into that memory location. 

· When unboxed, the value stored on the heap must be transferred back to the stack. 

· The unused object on the heap will be garbage collected.

· Could be big performance hit with very large collections

Example Custom Collections:

Assume that you have to create a custom collection that can only contain objects of Employee type.

public class Employee

{

    string FirstName;

    public Employee(){}

    public Employee(string fName)

    {

                this.FirstName = fName;

            }

    public override string ToString()

    {

        return String.Format("{0}", FirstName);

    }

}


Now build the custom collection 

 

 
// Collection implemented using an ArrayList
public class EmployeesCollection : IEnumerable

{

    ArrayList alEmployees = new ArrayList();
    public EmployeesCollection() { }

 
     //Insert Employee type

     public void AddEmployee(Employee e)

     {

        //boxing

        alEmployees.Add(e);

    }

 

    //get the employee type

    public Employee GetEmployee(int index)
    {

        //unboxing

        return (Employee)alEmployees[index];

    }

 

    //to use foreach

    IEnumerator IEnumerable.GetEnumerator()

    {

        return alEmployees.GetEnumerator();

    }

}
 
The problem here is that If you have many types in your application, you have to create multiple custom collections one for each type.And as you can see we also have the problem of boxing and unboxing here.
 
All problems you saw previously can be solved using generics, so let's see what we can do.
 
The System.Collections.generic namespace:
 

You can find a lot of generic collections in the System.Collections.Generic like:

· List<T>

· Dictionary<K, V>

· SortedDictionary<K,V>
· Queue<T>

· Stack<T>

· Collection<T>
· Comparer<T>
· LinkedList<T>        // new in 2.0
· ReadOnlyCollection<T>
Generic collections:
· allow you to delay the specification of the contained type until the time of creation.
· avoid performance problems of the boxing and unboxing operations
· eliminate the need to create a custom collection for each type in you application.
· Allow the consumer of the collection to define the type which will be contained in the collection by replacing the placeholder T by the type you want at the time of creation.

What’s with the “T”

T is simply a place holder. It must be replaced by an appropriate valid type by the consumer of the generic. T is used by convention, need not be T as seen in the dictionary example above.
Example Generic
List<T>
 
The List<T> is a generic collection that represents a strongly typed list of objects that can accessed by index. It is just like the nongeneric collection ArrayList. 
 
Example:
// this one can only contain int type

List<int> intList = new List<int>();

intList.Add(10);    //no boxing required
int x = intList[0];    //no unboxing
intList.Add(“Will not compile”);    // Compile error
//Can only contain objects of type Employee

List<Employee> empList = new List<Employee>();

empList.Add(new Employee("Amr", "Ashush", 23));   //no boxing
 Employee e = empList[0];   //no unboxing

Queue<T>

Queue<T> is a generic collection that represents a first-in, first-out (FIFO) collection of objects. It is just like the nongeneric collection Queue.

Example:
//A generic Queue collection of type ints
Queue<int> intQueue = new Queue<int>();

 

intQueue.Enqueue(5);    
//Add an int to the end of the queue (no boxing)

int x = intQueue.Peek();  
//Returns the int at the beginning of the queue
//without removing it.  (no unboxing)
 int y = intQueue.Dequeue();   //Removes and returns the int at the beginning
      // of the queue(no unboxing)

Stack<T>
 
Stack<T> is a generic collection that represents a last-in-first-out (LIFO) collection of instances of the same arbitrary type. It is just like the nongeneric collection Stack.
 
Example:
//A generic Stack collection of type ints
Stack<int> intStack = new Stack<int>();

 

intStack.Push(5);   
//Insert an int at  the top of the stack (no boxing)

 

int x = intStack.Peek();   
//Returns the int at the top of the stack without
// removing it.

 

int y = intStack.Pop();    
//Removes, returns the int at the top of the stack

 
Dictionary<K, V>
 
Dictionary<K, V> is a generic collection that contains data in Key/Value pairs, it is just like the nongeneric collection Hashtable.
 
Example:
Dictionary<string, string> dictionary = new Dictionary<string, string>();

 

dictionary.Add("Key", "Value");      
//Add the specified key and value to the
// dictionary

 dictionary.Remove("Key");   
//Removes the value with the specified
// key from the dictionary

 int count = dictionary.Count;    
//get the number of the Key/Value pairs
// contained in the dictionary

Generic Methods

 You can create generic methods that can operate on any possible data type.
To define a generic method you specify the type parameter after the method name and before the parameters list.
 
Example:

public void MyGenericMethod<T>(T x, T y)

{

    Console.Writeline("Parameters type is {0}", typeof(T));

}

 
You can define the type you want at the time you invoke the method.

 
Parameter types are System.Int32
int x, y;

MyGenericMethod<int>(x, y);

 

Parameter types are System.String
string x, y;

MyGenericMethod<string>(x, y);
You can also create a generic method with out parameters as follow:

 

public void MyGenericMethod<T>()

{

    T x;

    Console.WriteLine("The type of x is  {0}", typeof(T));
}

 
Here we see the method in use:

MyGenericMethod<int>();     // The type of x is System.Int32
 
MyGenericMethod<string>();  // The type of x is System.String
 Note: you can omit the type parameter if the generic method requires arguments, because the compiler can infer the type parameter base on the member parameters. However if your generic method doesn't take any parameters you are required to supply the type parameter or you will have a compile error
 
Example: 
// A generic method that take two parameters

public void MyGenericMethod<T>(T x, T y)

{

    ...... 

}

......

 

string x, y;

//the compiler here will infer the type parameter

MyGenericMethod(x, y)


In the case of a generic method that doesn't take parameters

//a generic method that doesn't take parameters

public void MyGenericMethod<T>()

{

    ......
}

//you must supply the type parameter

MyGenericMethod<string>();

 

//you will have a compiler error here

MyGenericMethod();
  

Generic classes and structures

A generic class is a class that has a type parameter <T> representing the data type of the class variables.

Example:

public class MyGenericClass<T>

{

    //Generic variables

    private T d1;

    private T d2;

    public MyGenericClass(){}

       //Generic constructor   

    public MyGenericClass(T a1, T a2)

    {

        d1 = a1;

        d2 = a2;

    }        

     //Generic properties
    public T D1

    {

        get{return d1; }

        set{d1 = value; }

    }

 

    public T D2

    {

        get{ return d2; }

        set{ d2 = value; }

    }

}
 
Assume you want a way to reset the variables in your generic class to its default values, but in fact you don't know really what is the data type that the placeholder <T> will represent, so you can't know what is the default value will be.
In generic classes you can make use of the default keyword to reset your data safely to its default value as follow:
 
d1 = default(T);
 
So whatever your type parameter will be, you can reset it safely to its default value. If we add this method to our generic class:
 

public void ResetValues()

{

    d1 = default(T);

    d2 = default(T);

 }

 

Here is our generic class in use:

 

//contains int values 

MyGenericClass<int> c1 = new MyGenericClass<int>(5, 10, 15);
 

c1.ResetValues();  //reset values to 0

 

//contain string values 

MyGenericClass<string> c2 = new MyGenericClass<string>("a", "b", "c");

 

c2.ResetValues();   //reset values to null

Note: you can create generic structures in the same way of creating generic classes, you only have to remove the class keyword and add struct keyword.
 

public struct MyGenericStruct<T>

{

}

 
Creating a Custom Generic Collection

Under the namespace System.Collections.Generic you will find a lot of generic collections types and may be you will not need to build a custom generic collection. 
 
Building a custom generic collection allows you to build a generic collection that have your own methods and you can also constrain you generic collection to contain only the data type you want.
 
A generic collection is a generic class that implements the IEnumerable<T> generic interface. The IEnumerable<T> interface allows you to support foreach loop.
 
Example:
 

public class EmployeeCollection<T> : IEnumerable<T>

{

    List<T> empList = new List<T>();

    public void AddEmployee(T e)

    {

        empList.Add(e);

    }

 

    public T GetEmployee(int index)

    {

        return empList[index];

    }

 

    //Compile time Error. Does the object contained in the list have an
    // EmployeeData property.. 
    public void PrintEmployeeData(int index)

    {

       Console.WriteLine(empList[index].EmployeeData);    

    }

 

    //foreach support

    IEnumerator<T> IEnumerable<T>.GetEnumerator()

    {

        return empList.GetEnumerator();

    }

 

    IEnumerator IEnumerable.GetEnumerator()

    {

        return empList.GetEnumerator();

    }

}

 

public class Employee

{

    string FirstName;

    string LastName;

    int Age;

    public Employee(){}

    public Employee(string fName, string lName, int Age)

    {

        this.Age = Age;

        this.FirstName = fName;

        this.LastName = lName;

    }

 

    public string EmployeeData

    {

        get {return String.Format("{0} {1} is {2} years old", FirstName, LastName, Age); }

    }

}
 
Constraining the type parameter of the generic collection:

When we try to use our Generic collection we will face some problems, let's see it and see how to solve it. 
 
The first problem is that the user of the collection can use it for any data type instead of Employee:
 

EmployeeCollection<int> a = new EmployeeCollection<int>();

EmployeeCollection<string> a = new EmployeeCollection<string>();

The second problem will appear when you try to use the EmployeeData property of the Employee class in you generic collection, so if we add this method to our generic collection to use the EmployeeData property:
 

// Compile time Error

public void PrintEmployeeData(int index)

{

   Console.WriteLine(empList[index].EmployeeData);    

}

When we try to compile the generic collection we will get a compile time error because the identity of T is not known yet, and we don’t know for certain if the type of the item in the List<T> has an EmployeeData property.
 
We can solve these problems by constraining the type parameter T using where as follow:

public class EmployeeCollection<T> : IEnumerable<T> where T : Employee
{

    // Now we can call EmployeeData property because all items in
    //  the List<T> are of type Employee  

    public void PrintEmployeeData(int index)

    {

       Console.WriteLine(empList[index].EmployeeData);    

    }

}

We now can use the EmployeeData to contain only the Employee type:

 

//its OK

EmployeeCollection<Employee> a = new EmployeeCollection<Employee>();

 

// Compiler error because collection is constrained to contain only 

// type Employee
EmployeeCollection<int> a = new EmployeeCollection<int>();

There are other types of constrains you can use:
 
Example:
 

where T : class
 
//The type parameter must be a reference type

public class MyGenericCollection<T> : IEnumerable<T> where T : class
{

 }
where T : struct
 
//The type parameter must be a value type

public class MyGenericCollection<T> : IEnumerable<T> where T : struct
{

    . . .

}

 

where T : new()
 
//The type parameter must have a default constructor

public class MyGenericCollection<T> : IEnumerable<T> where T : new()
{

    . . .

}

 

where T : InterfaceName  

 
//The type parameter must implement the interface

//specified by InterfaceName  

public class MyGenericCollection<T> : IEnumerable<T> where T : InterfaceName
{

    . . .

}

 

where T : ClassName
 
//The type parameter must be derived  from the class specified by Classname

public class MyGenericCollection<T> : IEnumerable<T> where T : ClassName

{

    . . .

}

You can use the where constrain also with generic methods
 
Example:
//the arguments of this method must be value type

public void MyGenericMethod<T> (T x, T y) where T : struct
{

    . . .

}


Creating Generic Interfaces
 
Under the .NET 2.0 you can define generic interfaces, you can do this as follow:
public interface IMyGenericInterfce<T> 
{

    void Method1(T a, T b);

    T Method2(T a, T b);

}
 
You can use the constrains with the generic interface,
// the type parameter must be a value type

public interface IMyGenericInterfce<T> where T : struct
{

    void Method1(T a, T b);

    T Method2(T a, T b);

}
Implementing the generic interface:

 

public class MyClass : IMyGenericInterfce<int>

{    

    public void Method1(int a, int b)

    {. . .}

 

    public int Method2(int a, int b)

    {. . .}

} 
Creating Generic Delegates
 
Under the .NET 2.0 you can define generic delegates, you can do this as follow:
//this delegate can call any method that returns void  and takes two parameters

public delegate void MyGenericDelegate<T>(T a, T b); 

Using our generic delegate:
 

MyGenericDelegate<int> myDel1 = new MyGenericDelegate<int>(MyTargetMethod1);

 

myDel1(5, 10);

 

MyGenericDelegate<string> myDel2 = new MyGenericDelegate<string>(MyTargetMethod2);

 

myDel2("a", "b");
 

public static void MyTargetMethod1(int x, int y)

{. . .}

 

public static void MyTargetMethod2(string x, string y)

{. . .}
 
	Generic Class 
	Nongeneric Counterpart
in System.Collections 
	Meaning in Life 

	Collection<T>
	CollectionBase
	The basis for a generic collection 

	Comparer<T>
	Comparer
	Compares two generic objects for equality 

	Dictionary<K, V>
	Hashtable
	A generic collection of name/value pairs 

	List<T>
	ArrayList
	A dynamically resizable list of items 

	Queue<T>
	Queue
	A generic implementation of a first-in, first-out (FIFO) list 

	SortedDictionary<K,V>
	SortedList
	A generic implementation of a sorted set of name/value pairs 

	Stack<T>
	Stack
	A generic implementation of a last-in, first-out (LIFO) list 

	LinkedList<T>
	N/A 
	A generic implementation of a doubly linked list 

	ReadOnlyCollection<T>
	ReadOnlyCollectionBase
	A generic implementation of a set of read-only items 


System.Collections.Generic Namespace

The System.Collections.Generic namespace contains interfaces and classes that define generic collections, which allow users to create strongly typed collections that provide better type safety and performance than non-generic strongly typed collections.

Classes
	
	Class
	Description
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	Comparer<(Of <(T>)>)
	Provides a base class for implementations of the IComparer<(Of <(T>)>) generic interface.
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	Dictionary<(Of <(TKey, TValue>)>)
	Represents a collection of keys and values.
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	Dictionary<(Of <(TKey, TValue>)>)..::.KeyCollection
	Represents the collection of keys in a Dictionary<(Of <(TKey, TValue>)>). This class cannot be inherited.

	[image: image4.png]



	Dictionary<(Of <(TKey, TValue>)>)..::.ValueCollection
	Represents the collection of values in a Dictionary<(Of <(TKey, TValue>)>). This class cannot be inherited.
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	EqualityComparer<(Of <(T>)>)
	Provides a base class for implementations of the IEqualityComparer<(Of <(T>)>) generic interface.
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	HashSet<(Of <(T>)>)
	Represents a set of values.
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	KeyedByTypeCollection<(Of <(TItem>)>)
	Provides a collection whose items are types that serve as keys.
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	KeyNotFoundException
	The exception that is thrown when the key specified for accessing an element in a collection does not match any key in the collection.
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	LinkedList<(Of <(T>)>)
	Represents a doubly linked list.
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	LinkedListNode<(Of <(T>)>)
	Represents a node in a LinkedList<(Of <(T>)>). This class cannot be inherited.
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	List<(Of <(T>)>)
	Represents a strongly typed list of objects that can be accessed by index. Provides methods to search, sort, and manipulate lists.
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	Queue<(Of <(T>)>)
	Represents a first-in, first-out collection of objects.
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	SortedDictionary<(Of <(TKey, TValue>)>)
	Represents a collection of key/value pairs that are sorted on the key.
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	SortedDictionary<(Of <(TKey, TValue>)>)..::.KeyCollection
	Represents the collection of keys in a SortedDictionary<(Of <(TKey, TValue>)>). This class cannot be inherited.
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	SortedDictionary<(Of <(TKey, TValue>)>)..::.ValueCollection
	Represents the collection of values in a SortedDictionary<(Of <(TKey, TValue>)>). This class cannot be inherited

	[image: image16.png]



	SortedList<(Of <(TKey, TValue>)>)
	Represents a collection of key/value pairs that are sorted by key based on the associated IComparer<(Of <(T>)>) implementation.
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	Stack<(Of <(T>)>)
	Represents a variable size last-in-first-out (LIFO) collection of instances of the same arbitrary type.
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	SynchronizedCollection<(Of <(T>)>)
	Provides a thread-safe collection that contains objects of a type specified by the generic parameter as elements.
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	SynchronizedKeyedCollection<(Of <(K, T>)>)
	Provides a thread-safe collection that contains objects of a type specified by a generic parameter and that are grouped by keys.
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	SynchronizedReadOnlyCollection<(Of <(T>)>)
	Provides a thread-safe, read-only collection that contains objects of a type specified by the generic parameter as elements.


 Structures 

	  
	Structure
	Description
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	Dictionary<(Of <(TKey, TValue>)>)..::.Enumerator
	Enumerates the elements of a Dictionary<(Of <(TKey, TValue>)>).
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	Dictionary<(Of <(TKey, TValue>)>)..::.KeyCollection..::.Enumerator
	Enumerates the elements of a Dictionary<(Of <(TKey, TValue>)>)..::.KeyCollection.
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	Dictionary<(Of <(TKey, TValue>)>)..::.ValueCollection..::.Enumerator
	Enumerates the elements of a Dictionary<(Of <(TKey, TValue>)>)..::.ValueCollection.
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	HashSet<(Of <(T>)>)..::.Enumerator
	Enumerates the elements of a HashSet<(Of <(T>)>) object.
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	KeyValuePair<(Of <(TKey, TValue>)>)
	Defines a key/value pair that can be set or retrieved.
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	LinkedList<(Of <(T>)>)..::.Enumerator
	Enumerates the elements of a LinkedList<(Of <(T>)>).
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	List<(Of <(T>)>)..::.Enumerator
	Enumerates the elements of a List<(Of <(T>)>).
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	Queue<(Of <(T>)>)..::.Enumerator
	Enumerates the elements of a Queue<(Of <(T>)>).
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	SortedDictionary<(Of <(TKey, TValue>)>)..::.Enumerator
	Enumerates the elements of a SortedDictionary<(Of <(TKey, TValue>)>).
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	SortedDictionary<(Of <(TKey, TValue>)>)..::.KeyCollection..::.Enumerator
	Enumerates the elements of a SortedDictionary<(Of <(TKey, TValue>)>)..::.KeyCollection.
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	SortedDictionary<(Of <(TKey, TValue>)>)..::.ValueCollection..::.Enumerator
	Enumerates the elements of a SortedDictionary<(Of <(TKey, TValue>)>)..::.ValueCollection.
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	Stack<(Of <(T>)>)..::.Enumerator
	Enumerates the elements of a Stack<(Of <(T>)>).


 Interfaces 

	  
	Interface
	Description
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	ICollection<(Of <(T>)>)
	Defines methods to manipulate generic collections.
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	IComparer<(Of <(T>)>)
	Defines a method that a type implements to compare two objects.
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	IDictionary<(Of <(TKey, TValue>)>)
	Represents a generic collection of key/value pairs.

	[image: image36.png]



	IEnumerable<(Of <(T>)>)
	Exposes the enumerator, which supports a simple iteration over a collection of a specified type.
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	IEnumerator<(Of <(T>)>)
	Supports a simple iteration over a generic collection.
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	IEqualityComparer<(Of <(T>)>)
	Defines methods to support the comparison of objects for equality.
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	IList<(Of <(T>)>)
	Represents a collection of objects that can be individually accessed by index.


Q&A

1. You create the following:

List <string> foo = new List<string>();

Which of the following can be added to this collection:
A. foo.add(“hello”);

B foo.Add(23);

C foo.Add(122.333);

D foo.Add (true);

 The answer:  A
2. You are creating an undo buffer that stores data modifications. You need to ensure that the undo functionality undoes the most recent data modifications first. You also need to ensure that the undo buffer permits storage of strings only. Which code segment should you use?
A. Stack<string> undoBuffer = new Stack<string>();

B. Stack undoBuffer = new Stack();

C. Queue<string> undoBuffer = new Queue<string>();

D. Queue undoBuffer = new Queue();

Answer: A

3. You are creating a class to compare a specially formatted string. The default collation comparisons do not apply. You need to implement the IComparable<string> interface. Which code segment should you use?

A. public class Person: IComparable<string> {

Public int CompareTo(string other){

}

}

B. public class Person: IComparable<string>{

public int CompareTo(object other)

}

}

C. public class Person : IComparable<string>{

public bool CompareTo(string other){

}

}

D. public class Person: IComparable<string>{

public bool CompareTo(object other) {

}

}

Answer: A. 

4. You are writing a custom dictionary. The custom dictionary class is named MyDictionary. You need to ensure that the dictionary is type safe. Which code segment should you use?

A. Public ref class MyDictionary: public Dictionary<string, String>{};

B. Public ref class MyDictionary: public Hashtable{};

C. Public ref class MyDictionary: public IDictionary{};

D. Public ref class MyDictionary{}; Dictionary<String, String> t  = gcnew Dictionary<String, String>();


MyDictionary dictionary = (MyDictionary)t;

Answer A.
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