APCS Lecture: Chapter 14- Inheritance and Interfaces

Inheritance is a technique used to create new classes as a modification of existing classes (like we did in Karel, when we made improvements, adding features to the basic robot).

You start with a base class, a class that you will be adding to or modifying. With inheritance, you specify the class you are inheriting from, and state additions and modifications to that base class. The two remained linked. If a change is later made to the base class, it is automatically reflected in the inherited class.

Basically, when using an inherited class, you can use the interface methods, helper methods, and fields of the base class plus any additional interface methods, helper methods, and fields added by the inherited class.

the base class is also known as the "parent class" or "superclass"

the inheriting class is also known as "the child class" or "subclass"

An illustration of inheritance can be seen with the example on page 570-573. The base class is called MyPhoneBook. Look at the interface at the bottom of page 570. What does this class do? It makes sense to want to improve this, by adding addresses as well. There is no need to start from scratch (or do a lot of copying and pasting).

One change here - in the past, when a class had a method only used within that class, we made it private. Now, we want a subclass to have use of that method, but we don't want to expose that to the outside world. The way we do this is through the word protected. Methods declared protected can be accessed by subclasses. When we expect inheritance, we generally have methods that are public (part of the user interface) or protected, instead of private.

Let's look at the MyPhoneBook class on page 571, and then look at the code for the inherited class, MyAddressBook (p572-573). How does the compiler know that this new class inherits from MyPhoneBook?

What do you think happens when the compiler sees a method "add" in both the superclass and the subclass? (are the parameters the same in the new version we added?)

In our inherited class, we can overwrite some public class, or add new ones. Is add a new one or an override? How many of each of these occurred with MyAddressBook?

Things you should know about inherited classes:

use of the word extends in the class declaration line (first line) of an inherited class

The subclass has its own constructor. Before the first line of the constructor is called, the system calls the constructor of the parent class! Thus parent class variables get initialized as well.

The interface of the subclass contains all the methods in the parent class interface, plus any additional public methods in the subclass.

When a subclass wants to override a method in the parent class, just declare it with the same parameters as in the parent class. Calls to that method from a child class object will automatically go to the new method. Like accessing, we can only overwrite a protected method, not a private one. 

An example of overwriting is on page 578, with the inherited class UKAccount (using British currency).  Look at that code and note a few things:

subclasses do not inherit constructors of the superclass. While the superclass constructor is automatically called, sometimes that constructor requires arguments. If it does, the subclass must explicitly call the parent class constructor. And just like human kids don't call their parents by their given name, neither do child classes. Nor do they call them by "mom" or "dad." Instead, that constructor is called with the word "super". See the use of it on page 578. If you don't explicitly call the parent class constructor, the compiler automatically calls: super( );

when a UKAccount object calls the method "formatAmount" , it automatically calls the child class's version.

If you need an import statement in the child class, you must do it in the child class. Inherited classes do not inherit "import" statements.

Sometimes, a child class overwrites a method, but still wishes to uses the original method of the parent class. You can do so by using super.

super.addStuff( ); uses the version of the method in the parent class.

-----------------------------------------------------

Polymorphism - the property that whenever an object of a specified class is required, an object of the subclass can be used in its place.
One great application of polymorphism is with Sets (p 365). We used they in the Sudoku lab. What kind of argument is called for in the method add? 

Object is the parent class of all classes. Thus, by having a Set of Objects, we can use any class objects: String, Integer, PhoneBook, etc. Otherwise, we would have to rewrite the code for Set for each different kind of object we use.

for example:

ImprovedAccount acct;

UKAccount ukAcct; // this is an object of the subclass

polymorphism allows:      acct=ukAcct;  

//ImprovedAccount object is required on the right of the =, and in its place

// we use an object of a subclass

illegal:  ukAcct=acct;

legal:  acct = new UKAccount ("Eve Adams", 50.00);

note: the object is still a UKAccount, and can access overridden methods of the subclass, even if the reference variable is of type ImprovedAccount. But you cannot access methods of the subclass that are not part of the parent class.

Any method in a parent class must be defined in a subclass - methods cannot be deleted. Thus it is safe to assign a subclass object the reference of the parent class. While safe, doing this might render useless any new methods added to the subclass.

Animation – simulates moving figures

(You will do a small group program using animation) Polymorphism is used when we can animate members of the Moveable class. These are circles. If we want to move squares or triangles, or pictures of your face, then we need to use polymorphism, and extend Moveable to create new subclasses that can be used instead of Moveable objects.

Abstract classes.

Often, when designing a set of classes for a program, many classes inherit from a specific class, but the parent class is abstract (no objects are created from that class). We might want this is we wanted to create an array of reading materials (items) – like books, newspapers or magazines. If we had objects of book, magazine and newspaper classes, we couldn’t mix them in an array. Instead we have an array of Items. Each Item is actually instantiated from a subclass – like Book or Periodical.

If we never instantiate an Item object, then we would have all our methods written in the subclasses (Book, Periodical). We are using polymorphism here, and with polymorphism, all methods of the subclass that we use must be found in the parent class. Thus, we want our parent class to have methods declared, but with no code to implement. These are called abstract methods. Any class with abstract methods is called an abstract class. 

an example of an abstract method:

public abstract String getListing( ) ;

note: there is no code written at all! Not even a return of a String object. That’s because it is an abstract method. It must be called via a subclass object, for which this method is implemented (written).

See page 606-608 for the code using this technique.

Class Hierarchies 

Classes can inherit from classes that have also inherited from other classes. A class that appears in one or more levels higher is called an ancestor class and a class that appears one or more levels lower is called a descendent class (what is it is not a direct ancestor, but is in a higher level??? it seems that an ancestor class must be a direct ancestor). When a method is called for an object, and it is not defined in that object, it looks in the parent class, and then the parent of the parent class, and up the ancestor chain until the method is found.

Polymorphism applies to not only a direct subclass, but to all descendent classes.

In designing classes and subclasses from real life, the “is a” rule helps. 

an elephant “is a” mammal, so elephant is a subclass of a mammal.

an African Elephant “is an” elephant, so African elephant is a subclass of an elephant.

Can we do it the other way around?

If we write bubble sort to sort an array of String, will that code work for integers? chars? Must we rewrite the code for every different data type?

Polymorphism allows us to write one sort, and have it work for all data (objects). We will use the Object class. Object is automatically the parent of all classes that do not specifically inherit from other classes (see p 658 for a class hierarchy). Object is part of the java.lang package. It is the ancestor class to all Java classes. See page 659 for the Object interface.

An Object can store any class object. 

legal:

Object data1, data2;

data1=”hello”; // holds a String

data2 = new PhoneBook( );

Recall, with polymorphism, you can only use methods from the parent class.

Is this legal:  int x = data1.length( );

How could you get the length of the String stored in data1?

(hint: look at the methods in the Object interface)

If we want to use methods in the PhoneBook class, we need to convert the Object into an object of the PhoneBook class:

PhoneBook myPhone =(PhoneBook) data2;

With the Object class, we achieve genericity (a generic class that does not have to be rewritten each time we use a different type of data). For an example of this, see the ArrayLisr class (page 667). Nortice that Set returns something. This is helpful when swapping values in an array. See p 668 “Swapping Two Elements”.

Consider using ListArray to write either bubble sort, insertion sort or selection sort  (do at least one as a class, and another in groups or as an assignment).

With the Object class, is there any code written to equals, or toString? How does it do those things?

Wrapper classes: because Object class makes use of polymorphism, all data using this must be class objects. Thus, we use the wrapper classes Integer, Double, ... (p 663). Look at the interface for the Integer class on page 664, and see how the class is used in the code below the interface. Note – we used this Integer class on the Sudoku lab!

Have groups take their sort method using ArrayList, and use it to sort a list of 10 random integers, using the Integer class.

Genericize one of the sorts, then write a program to sort 10 integers with it (using the Integer class)

