Fundamentals of Object Oriented Programming - Polymorphism -
 
 
Applied polymorphism: virtual methods / dynamic binding
 
The rules of polymorphism (type conversion) have in practical programming great importance - for example, when objects are used, the exact class type when creating the source code (or "compile") is not yet fixed, but only during the execution of the program ("late binding "- dynamic or late binding). 
 
Dynamic binding is required for example in the use of object arrays that can be filled at runtime with different object types.Since the Java compiler can not perform automatic type checking in such cases must be particularly observed when programming the rules by which addressed this "polymorphic objects" and how their attributes and methods can be used.
 
 
 
Object Arrays
 
A basic rule of polymorphism is known that an object reference (lvalue) of at least equal or superior type as the object type must be (rvalue) (see previous section).
 
This rule makes one often exploited in order to store objects that are of a different class type in a common array, which is the base type.This is often used in the programming practice because it is so relatively easy to manage different objects in a container together. 
 
This is the first condition to be noted that the array must be of a base class type, fit into all the elements of the array (ie, can be upconverted - "upcast").This is of course always in the base class Object is the case, which is of course by definition, the base class of all possible subclasses (including user-defined classes).So it makes sense to create an array of type Object can be added to the problem then all possible different elements (subclasses).
 
 
 
 [image: image13.png]Attribute und Methoden eines Array-Objekts sind erst nach erfolgter Riickkonversion (down-
cast) in den urspriinglichen Objekttyp wieder nutzbar, Zuvor sollte der Typ gepriift werden,
um einen moglichen Laufzeitfehler zu vermeiden.




 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Problem with object array
 
However, this approach has some adverse consequences: If the individual objects to be used in the array, that is, when a concrete subclass method is called or an attribute is accessed, then this method / attribute in the base class object is searched.Result: the method or attribute can not be found there, of course, because it is present only in the subclass. The compiler can the called method therefore incorrect to assign to a particular class type, and the program does not compile. 
 
Example 1 (generates compiler error)
 
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
 
class Elephant {
 
    void move () {
        System.out.println ("Elephant marches ..");
    }
}
 
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
 
class Bird {
 
    void move () {
        System.out.println ("bird flies ..");
    }
}
 
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
 
class Fish {
 
    void move () {
        System.out.println ("fish swims ...");
    }
}
 
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
 
class {PolymorphieTest
 
    public static void main (String [] args) {
 
       Object [] array = new Object [10];
              
       array [0] = new Elephant ();
       array [1] = new Bird ();
       array [2] = new fish ();
 
       array [0] move () / / compiler error:. Method not found
       . array [1] move ();
       . array [2] move ();
 
      }
}
 
 
 
Solution 1: Convert with explicit type testing
 
 
 
 
 
The most obvious solution would be, before using revert the object back to its original class type. Since this is a potentially dangerous "down-cast", the correctness of the class type explicitly (explicit) must be checked. There are special operations (see below). If the class type is correct, then the array element can be safely parsed back (ge-casts) are.
 
Note: This also applies to dynamic vectors (egExample, class Vector).After reading an element from a vector must be explicitly converted back into its original object type.
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For type checking the known operations can instanceof or getClass () or getClass (). getName () can be used.
 
 
Example: (excerpt from the above program)
 
       Object [] array = new Object [10];
              array [0] = new Elephant ();
       . . .
       if (array [0] instanceof Elephant) {/ / 1: Type-examination          
F = Elephant (Elephant) array [0] / / 2: Conversion
f.bewegen () / / 3: Function call
}   
       / / OR:
if (array [0]. getClass (). getName (). equals ("Elephant")) {
          F = Elephant (Elephant) array [0];
          f.bewegen ();
       }
 
 
Disadvantage of this solution is expensive (relatively much source code), and thus prone to errors, especially when it comes to many different types of objects in the array. For each access type testing has to be done.
 
 
 
 
 
 
 
 
 
Solution 2: Virtual methods
 
Abstract classes with abstract methods provide a solution to the question of how object container must be defined so that the concrete object methods can be used incorrectly.
 
When moving in a base class method () is an empty hull, then the correct subclass method is actually called:
 
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
/ / Base class
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 class beings {
 
              void move () {}
 
}
 
 
 
It appears therefore that two situations have to be distinguished, depending on whether it is the referenced object is a 
 
·            These object that is part of a self-defined class hierarchy, or a
·            alone (inheritance-free) object.
 
In the first case it is possible to place it in the base class, a self-written method that is overridden. In the second case this is not possible.
 
The following two options are described in more detail:
 
 
1 Objects of a user-defined class hierarchy
 
In a self-defined inheritance hierarchy so all the attributes and methods of the base class can be defined (which is not possible in the base class Object yes).Only under this condition there is polymorphism in the strict sense. 
 
The rules of polymorphism are shown in the following example of a simple class hierarchy: 
 
Employees (base class), employee and labor (subclasses).
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Background Requirements: Objects of a subclass (hereAs an employee or worker) can always be "taken" by a reference variable that is of a parent type (hereAs employees). Each object of a subclass can be added to a reference variable of a superclass type ("up-cast", up-conversion, see previous chapter), since their list of demands can always be met.
 
 
          Employees m = new Employee ();
                     or:
          Employee a = new Employee ();
          Employees m;
          m = a;
 
What happens now when you call a method on a such extent converted type?Here, two situations have to be distinguished.
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/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
/ / BASE CLASS
 
class Employee { 
 
        / / No method: show ()
}
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
/ / DERIVED CLASS 1
 
class Employee extends employee {
 
    public void show () {
        System.out.println ("\ nAngestellter \ n");
    }
}
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
/ / DERIVED CLASS 2
 
class Worker extends Employee {
 
    public void show () {
        System.out.println ("\ nArbeiter \ n");
    }
}
 
/ / Executive class with main / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
 
class type conversion {
 
    public static void main (String [] a) {
 
        One employee = new Employee ();
        Two employees = new Worker ();
 
        eins.zeigen () / / DOES NOT WORK!!
        zwei.zeigen () / / DOES NOT WORK!!
    }
}
 
Compiler error message:
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Wenn die Subklassen-Methode in der Basisklasse als abstrakte Methode oder als
Methode ohne Inhalt definiert ist, dann wird nicht die Basisklassen-Methode, sondern
die zum urspriinglichen Objekt passende Subklassen-Methode ausgefiihrt




 
 
 
 
 
 
This rule is the central principle of polymorphism. It is the foundation that the call for a transformed object the correct subclass methods are available and can be accessed. The rule corresponds to the mechanism of "virtual methods" in C + +. The difference is only a syntactic: in Java is not the keyword "virtual" is used, but it is sufficient to define the Subklassenmethoden with the correct signature with an empty method body, or to characterize it as an abstract method.The latter is only possible within an abstract class.
 
 
Example
 
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
/ / BASE CLASS
 
class Employee {
 
    public void show () {
                              / / "Virtual method"
    }
}
 
 
 
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
/ / DERIVED CLASS 1
 
class Employee extends employee {
 
    public void show () {/ / Concrete Subklassenmethode
        System.out.println ("\ nAngestellter.zeigen () \ n");
    }
}
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
/ / Derived class 2
 
class Worker extends Employee {
 
    public void show () {/ / Concrete Subklassenmethode
        System.out.println ("\ nArbeiter.zeigen () \ n");
    }
}
/ / Executive class with main / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
 
class {TypKonversion3
 
    public static void main (String [] a) {
 
        One employee = new Employee ();
        Two employees = new Worker ();
 
        eins.zeigen ();
        zwei.zeigen ();
    }
}
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This principle of polymorphism is often used when, forObjects as a self-defined class hierarchy are stored in an array of base class type. Then (and only then), the correct subclass method without previous down-cast and type test are called.
 
 
Example 
 
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
/ / BASE CLASS
 
class Employee {
 
    public void show () {}
}
 
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
/ / DERIVED CLASS 1
 
class Employee extends employee {
 
    public void show () {
 
        System.out.println ("\ nAngestellter.zeigen () \ n");
 
    }
}
 
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
/ / Derived class 2
 
class Worker extends Employee {
 
    public void show () {
 
        System.out.println ("\ nArbeiter.zeigen () \ n");
    }
}
 
/ / Executive class with main / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
 
class {TypKonversion3
 
    public static void main (String [] a) {
 
        Employees [] = new employee MARRAY [2];
 
MARRAY [0] = new Employee ();
MARRAY [1] = new Worker ();
 
      MARRAY [0] ().;
      MARRAY [1] show ().;
 
        In.stop ();
    }
}
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