Java Generics
The problem

We want to have a general class (called GeneralClass) that would

• hold an object of any type

• have a setter and getter for it

import java.util.*;
class GeneralClass 
{
  private Object someObj;
  public void setObject(Object obj) 
  {
     someObj = obj;
  }
  public Object getObject() 
  {
    return someObj;
  }
}
public class Main
{
  public static void main(String[] args)
  {
    Scanner con = new Scanner(System.in);
    GeneralClass gc = new GeneralClass();
    Integer i = 15;
    gc.setObject(i); // it will work
    //Integer x = gc.getObject(); // it won’t
    Integer x = (Integer) gc.getObject(); // We can update it this way
    System.out.println(x);
    con.close();
  }
}
We can update it as follows

Integer x = (Integer) gc.getObject();
But we may not know what type will be used by the users of the class…

Generic class

Generics allow us define a class with a type that will be used:
class SomeClass <T> 
{
  T someObj;
  public SomeObj (T obj) 
  {
    this.someObj = obj;
  }
}

Our previous problem could be solved like:

import java.util.*;
class GeneralClass<T> 
{
  private T someObj;
  public void setObject(T obj) 
  {
     someObj = obj;
  }
  public T getObject() 
  {
    return someObj;
  }
}
public class Main
{
  public static void main(String[] args)
  {
    Scanner con = new Scanner(System.in);
    GeneralClass<Integer> gc = new GeneralClass<Integer>();
    Integer i = 15;
    gc.setObject(i);
    Integer x = gc.getObject(); // now it works
    System.out.println(x);
    con.close();
  }
}
Generic class – details 

Object declaration:

GeneralClass<Integer> gc;
In declaration we need to provide the Type argument (Integer) in <..>

Object instantiation:

gc = new GeneralClass<Integer>();
The same type argument is provided to the constructor call. Also

GeneralClass<Integer> gc = new GeneralClass<Integer>();
Notes on Generic types

•The Generics can be only references – the primitive types cannot be used:

GeneralClass<int> gc; // error
•If another type is provided, it will cause an error:

gc.setObject(123.45); // error – it’s Double (we accept Integer only)!
•When a primitive value assigned, it’s automatically converted to the corresponding class if any:

gc.setObject(123); // it’s ok – 123 (int) will be converted to Integer
•The same will work with the return type:

int x = gc.getObject(); // Integer is automatically converted to an int
Type Safety

If we use the very first version of the GeneralClass with below code:

import java.util.*;
class GeneralClass 
{
  private Object someObj;
  public void setObject(Object obj) 
  {
     someObj = obj;
  }
  public Object getObject() 
  {
    return someObj;
  }
}
public class Main
{
  public static void main(String[] args)
  {
    Scanner con = new Scanner(System.in);
    GeneralClass gc = new GeneralClass();
    String str = "Hello";    
    gc.setObject(str);
    Integer x = (Integer) gc.getObject(); // compile, but fail in Run Time
    System.out.println(x);
    con.close();
  }
}
It will compile but fail in runtime – String  cannot be casted to the Integer. The compiler does not know which values will GeneralClass hold during the execution.

With generics version, the below code will not compile
import java.util.*;
class GeneralClass<T> 
{
  private T someObj;
  public void setObject(T obj) 
  {
    someObj = obj;
  }
  public T getObject() 
  {
    return someObj;
  }
}
public class Main
{
  public static void main(String[] args)
  {
    Scanner con = new Scanner(System.in);
    GeneralClass<String> gc = new GeneralClass<String>();
    String s = "Hello";
    gc.setObject(s);
    Integer x = (Integer)gc.getObject(); // not compile
    System.out.println(x);
    con.close();
  }
}
In this case, compiler uses the information we provide – therefore the inconsistency is caught during the compilation.

Generics are widely used in Collections API. By providing a type, we inform compiler not let any other type for entry:

ArrayList<String> al = new ArrayList<String>();
al.add("Hello"); // ok
al.add(15); // compile error
or

TreeSet<String> t = new TreeSet<String>;
t.add("Hello");
t.add(123); // compile error
In any nontrivial software project, bugs are simply a fact of life. Careful planning, programming, and testing can help reduce their pervasiveness, but somehow, somewhere, they'll always find a way to creep into your code. This becomes especially apparent as new features are introduced and your code base grows in size and complexity.

Fortunately, some bugs are easier to detect than others. Compile-time bugs, for example, can be detected early on; you can use the compiler's error messages to figure out what the problem is and fix it, right then and there. Runtime bugs, however, can be much more problematic; they don't always surface immediately, and when they do, it may be at a point in the program that is far removed from the actual cause of the problem.

Code that uses generics has many benefits over non-generic code:

· Stronger type checks at compile time. A Java compiler applies strong type checking to generic code and issues errors if the code violates type safety. Fixing compile-time errors is easier than fixing runtime errors, which can be difficult to find.

· Elimination of casts. The following code snippet without generics requires casting:
import java.util.*;
public class Main
{
  public static void main(String[] args)
  {
    Scanner con = new Scanner(System.in);
    List list = new ArrayList();
    list.add("hello");
    String s = (String) list.get(0);
    System.out.println(s);
    con.close();
  }
}
When re-written to use generics, the code does not require casting:

import java.util.*;
public class Main
{
  public static void main(String[] args)
  {
    Scanner con = new Scanner(System.in);
    List<String> list = new ArrayList<String>();
    list.add("hello");
    String s = list.get(0); //no cast

    System.out.println(s);
    con.close();
  }
}
· Enabling programmers to implement generic algorithms. By using generics, programmers can implement generic algorithms that work on collections of different types, can be customized, and are type safe and easier to read.

Generic Types

A generic type is a generic class or interface that is parameterized over types. The following Box class will be modified to demonstrate the concept.

A Simple Box Class

Begin by examining a non-generic Box class that operates on objects of any type. It needs only to provide two methods: set, which adds an object to the box, and get, which retrieves it:

import java.util.*;
class Box 
{
  private Object object;
  public void set(Object object) { this.object = object; }
  public Object get() { return object; }
}
public class Main
{
  public static void main(String[] args)
  {
    Scanner con = new Scanner(System.in);
    Box b = new Box();
    b.set(45);
    //b.set(3.1415);
    //b.set("Hello");
    System.out.println(b.get());
    con.close();
  }
}
Since its methods accept or return an Object, you are free to pass in whatever you want, provided that it is not one of the primitive types. There is no way to verify, at compile time, how the class is used. One part of the code may place an Integer in the box and expect to get Integers out of it, while another part of the code may mistakenly pass in a String, resulting in a runtime error.
import java.util.*;
class Box 
{
  private Object object;
  public void set(Object object) { this.object = object; }
  public Object get() { return object; }
}
public class Main
{
  public static void main(String[] args)
  {
    Scanner con = new Scanner(System.in);
    Box b = new Box();
    b.set("Hello");
    // need cast, can’t convert Object to String
    String s = (String)b.get();
    System.out.println(s);
    con.close();
  }
}
A Generic Version of the Box Class

A generic class is defined with the following format:

class name<T1, T2, . . ., Tn> { /* ... */ }
The type parameter section, delimited by angle brackets (< >), follows the class name. It specifies the type parameters (also called type variables) T1, T2, ..., and Tn.

To update the Box class to use generics, you create a generic type declaration by changing the code "class Box" to " class Box<T>". This introduces the type variable, T, that can be used anywhere inside the class. With this change, the Box class becomes:

import java.util.*;
class Box<T> 
{
  // T stands for "Type"
  private T t;
  public void set(T t) { this.t = t; }
  public T get() { return t; }
}
public class Main
{
  public static void main(String[] args)
  {
    Scanner con = new Scanner(System.in);
    Box<Integer> b = new Box<Integer>();
    b.set(1234);
    Integer a = b.get(); // good
    System.out.println(a);
/*    
    Box<String> b = new Box<String>();
    b.set("Hello");
    String s = b.get(); // good
    System.out.println(s);
*/    
    con.close();
  }
}
As you can see, all occurrences of Object are replaced by T. A type variable can be any non-primitive type you specify: any class type, any interface type, any array type, or even another type variable. 

This same technique can be applied to create generic interfaces.

Invoking and Instantiating a Generic Type

To reference the generic Box class from within your code, you must perform a generic type invocation, which replaces T with some concrete value, such as Integer:

Box<Integer> b;
You can think of a generic type invocation as being similar to an ordinary method invocation, but instead of passing an argument to a method, you are passing a type argument – Integer in this case – to the Box class itself.

Like any other variable declaration, this code does not actually create a new Box object. It simply declares that b will hold a reference to a "Box of Integer", which is how Box<Integer> is read.

An invocation of a generic type is generally known as a parameterized type.

To instantiate this class, use the new keyword, as usual, but place <Integer> between the class name and the parenthesis:
Box<Integer> b = new Box<Integer>();
The Diamond

In Java SE 7 and later, you can replace the type arguments required to invoke the constructor of a generic class with an empty set of type arguments (< >) as long as the compiler can determine, or infer, the type arguments from the context. This pair of angle brackets, < >, is informally called the diamond. For example, you can create an instance of Box<String> :

import java.util.*;
class Box<T> 
{
  private T t;
  public void set(T t) { this.t = t; }
  public T get() { return t; }
}
public class Main
{
  public static void main(String[] args)
  {
    Scanner con = new Scanner(System.in);
    Box<String> b = new Box<>(); // automatic type detection
    b.set("Hello");
    String s = b.get();
    System.out.println(s);
    con.close();
  }
}
