Inheritance and Class Hierarchies

Chapter 3
Some Chapter Objectives

· To understand inheritance and how it facilitates code reuse

· To understand how Java determines which method to execute when there are multiple methods with the same name in a class hierarchy

· To learn how to define and use abstract classes as base classes in a hierarchy

· To study class Object and its methods and to learn how to override them

· To learn how to “clone” an object and to understand the difference between a true clone (deep copy) and a shallow copy
Introduction to Inheritance and Class Hierarchies

· Popularity of OOP is that it enables programmers to reuse previously written code saved as classes

· All Java classes are arranged in a hierarchy, starting with Object, which is the superclass of all Java classes

· A subclass can be extended from a super class

· The new class can have additional data fields and methods 

· as well as the data fields and methods inherited.

Generalization/specialization

· A class can be viewed as a set of objects that have something in common.

· We could then have subsets of the first class. 

· Each subset has all the characteristics of the first class, plus some things that are common to the subset

· Example: all living things.

· As we move away from the first set, we are moving from general characteristics toward more and more specific characteristics
Inheritance terminology

· There are all equivalent

· Superclass and subclass

· Base class and derived class

· Parent class and child class

· Java programming terminology

· A subclass extends the superclass because it adds more specialization
Is-a vs. Has-a Relationships

· The is-a relationship means one class is-a type of the other class

· For example, a cat is-a animal; a ball is-a shape; book is-a type of ReadMaterial

· Inheritance is based on is-a relationships

· The has-a relationship means that one class has the second class as an attribute

· For example, A book has-a author; a deck has-a card (lots of them) 

· has-a relationships describe containment.  The class Book would contain an instance variable of type Author.

· Here, one class is used within (or as an instance variable) of another

· The keyword extends specifies that one class is a subclass of another
A Superclass and a Subclass

· Consider two classes: Computer and Laptop

· A laptop is a kind of computer and is therefore a subclass of computer
Initializing Data Fields in a Subclass and the No-Parameter Constructor

· Note the constructor in subclass laptop

· It must call the super class’s constructor with the arguments needed

· After the super class constructor is called, it initializes the data members that are not in the super class

· If a subclass constructor does not invoke a superclass constructor, Java automatically invokes the no-parameter constructor for the superclass

· The call to super initializes that part of the object inherited from the superclass before the subclass starts to initialize its part of the object
An aside on constructors

· If you do not provide a constructor for a class, Java automatically provides a default (no arguments) one

· But if you provide any constructors, it no longer provides the default constructor
protected visibility for superclass data fields

· private data fields are not accessible to derived classes

· protected visibility allows data fields to be accessed either by the class defining it or any subclass

· The use of protected is controversial since it means that any class that inherits from the super class has direct access to the super class’s data members
Method Overriding

· If a derived class has a method also within its super class, that method will override the super class’s method

· A subclass method must have the same return type and arguments as the corresponding superclass method

· The keyword super can be used to gain access to superclass methods overridden by the base class

Example of overriding

· Suppose we instantiate two objects , one of type Computer, the other of type Laptop

· The we call the toString method for both objects

· The laptop object will not output all the information

· We need a different toString method for the laptop, but it should call the super class constructor.

· Write the toString method needed in the laptop class.
How overriding works

· When a method is passed to an object, it is compared against the object’s class’s own method signatures

· The signature is the method name plus the argument list

· If a match is found, that method is invoked

· If a match is not found, the signature is compared against the superclass’s method signature.

· This process is repeated until a match is found.

· A match is guaranteed because otherwise the Java compiler would give an error.
Overloading vs. Overriding

· When you override a method, you create a method with the same name and signature as an inherited method

· The signature is the name and set of parameters

· When you overload a method you use the same name, but a different signature

· Constructors are often overloaded

