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Lecture Topics

 Abstract classes and methods
e Polymorphism
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Abstract

* It may not make sense to have an object of type superclass. E.g. Animal
or Bird

* E.g. have you ever seen an Animal or Bird object walking/flying about?

* You've seen specific types of Animals and specific types of Birds

* Animal and Birds are abstractions
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Abstraction

1. variable noun

An abstraction is a general idea rather than one relating to a particular

Epglsn icyon
Og tio en

https: |tct nary.com ql@iﬁ abstraction

QLLSCOILNA GAILLIMUE
UNIVERSITY oF GALWAY




Abstract Keyword

* You can declare a class to be abstract

public abstract class Animal

{

public abstract (class Bird extends Animal

{

* Java allows you to specify which classes can be made into objects
 ..and which are abstract and used just for inheritance purposes
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@) O Bird - Animals(1) (1)

COde I Animal X | Bird X _

New Class... : :
. Compile Undo Cut Copy Paste Find... Close
—D . e A

1
. : [ **
Compile «abstract»

In Bluel Animal ‘% Write a description of class Bird here.

Make the J°

* @author (Ihsan Ullah)

Animal and : * @version (17 October 2018)

i «abstract» ; )
Blrd classes t!’?'itrdt .,/ public abstract |class Bird extends Animal
abstract of 1

//instance variables (fields)
boolean hasFeathers;

R 12 boolean ha§W1ngs;

13 boolean flies;
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abstract Keyword

Adding the word abstract to the class definition tells Java that it can’t make objects from this class
Now, as you did before, try to create an Animal and Bird object

«abstract» — . - )
Animal Animal animal = new Animal();
Error: Animal is abstract; cannot be instantiated
Bird bird = new Bird();

Error: Bird is abstract; cannot be instantiated

«abstract»

Bird
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abstract

* First effect is that you no longer can create objects from the abstract class
* However, all the existing rules of inheritance still apply

public abstract class Bird extends Animal

( - » Sub-classes of Bird inherit its
boolean hasFeathers; non_prlvate f|e|ds

boolean hasWings;
boolean flies;

/%%
* Constructor for objects of class Bird
*/
public Bird()
{
super(); |
colour = "black";
hasFeathers = true;
hasWings = true;
flies = true;
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abstract

Even though Bird is declared as an abstract class a subclass (e.g. Canary)
still has to invoke super()

«abstract»
Bird (=
* Constructor for objects of class Canary
&/
public Canary(String name)
{
super(); 111 the
this.name = name;
Canary I colour = "yellow";
}
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Why use an abstract class?

* |n situations where you want to use inheritance but do not want
another developer to create an object from the superclass.

* E.g a banking app has two bank account types :

* Current Account and Deposit Account

CurrentAccount DepositAccount
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Why use abstract

e Both account types share many of the same fields and methods
* So the developer creates a superclass, Account, to hold all the shared
fields and methods

Account

AN

| CurrentAccount DepositAccount

| A
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Why use abstract

 However a trainee developer then writes the following line of code

Account account = new Account();

* This is a problem as there is no such thing in the Banking app as an
Account.
e An account must either be a Current Account or a Deposit Account
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To prevent this happening, the senior developer declares the Account
class abstract

public abstract class Account
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Why use abstract

As before, CurrentAccount and DepositAccount still inherit fields and
methods from the abstract Account class
But Account itself cannot be instantiated (an object cannot be made of it)

«abstract»
Account
Account account = new Account();
Error: Account is abstract; cannot be instantiated
CurrentAccount DepositAccount
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Methods in an abstract class

As you’ve seen, an abstract class can have standard methods
These methods are inherited automatically by the subclass

[ %%
* move method
* param int distance - the distance the Animal should move
* All subclasses inherit this method
*/
public void move(int distance){
System.out.printf("I move %d metres \n", distance);

}
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Methods in an abstract class

As we’ve seen, a subclass can override (provide their own specific
implementation) of the inherited methods

[ %%
* the move method in Bird overrides the move method
* inherited from superclass Animal

*/
@override ] Te _ ra
public void move(int distance)
if(flies)({
System.out.printf("“I fly %d metres \n", distance);
}else{
System.out.printf(“I am a bird but cannot fly. I walk %d metres \n", distance);
}
JTBR  OLLSCOILNAGAILLIMHE e.g. this is the overriden move method in the Bird class
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Abstract methods

Abstract classes can also have abstract methods
e Abstract methods are methods with no body

E.g. public abstract void sing();

* |n other words, they do nothing
e So what are abstract methods used for?
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Demonstration

Open up the Animal class in Bluel
Go to the move method

public void move(int distance)
System.out.printf("I move %d metres \n", distance);

}

Make it an abstract method
This involves removing its body and simply keeping the method signature followed by a ‘;’

Now compile the full project

public abstract void move(int distance);

QLLSCOILNA GAILLIMUE
UNIVERSITY oF GALWAY




19

Demonstration

* Your code still compiles

* In code pad, type the the following (hit return after each line)
l

Canary canary = new Canary("John");

canary.move(5):
y ( )' @) O BlueJ: Terminal

I fly 5 metres

* Where is the move functionality coming from?
* From Bird’s move method
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Demonstration

Canary’s move functionality comes from Bird
Now delete (or comment out) the move method from Animal

[ * %
* move method

* param int distance - the distance the Anii
* All subclasses inherit this method
*/

Recompile your project
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Now Bird won’t compile
Check what the error is
So what is the role of move in Animal ?

]
«abstract»

i As an abstract method, it provides the
T definition of a method that at least
one of its subclasses must implement

«abstract»

Bird

We%e%%%

|

Canary
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The meaning of the the abstract method move in the Animal class:

“All animals must move, but it is up to each specific animal to decide how
it moves”
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Concrete

The adjective concrete is often used in OOP to denote a class or method
that is not abstract

i.e. The class or method is fully implemented

* |In our example, Canary is a concrete class

* The move method in Bird is a concrete method
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Reference Type

An abstract class is often used as the type of a reference variable
Try this in code pad

Bird bird = new Canary("John"); |
Animal animal = new Canary("Mary");

Here we have two concrete objects referenced by variables whose type is an abstract class
Very common approach in OOP
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abstract class and method summary

e The abstract keyword allows you to represent a class that should not be instantiated (made an
object of)

* Inheritance from the abstract class happens the same as before

* An abstract class may have concrete and abstract methods

* An an abstract method does not have a method body

e It is there to provide a definition of a method that at least one of its subclasses must
implement (make concrete)

* In our case — having an abstract method move is like saying “All animals must move, but it is up
to each animal to decide how it moves”
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Polymorphism
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Polymorphism

* Polymorphism (from Greek polys, "many, much" and morphe, "form,
shape")

e Polymorphism refers to how an object can be treated as belonging to
several types as long as those types are higher than the object’s type in
the class hierarchy

* Thus, In the code snippet below, a Canary can be treated as a Bird type
and as an Animal type

Bird bird = new Canary("John");
Animal animal = new Canary("Mary");
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Example

Open a new Project in Blue J, create an abstract class called Animal with

one abstract method move
Write the code for three subclasses: Fish, Frog and Bird
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T
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Example

* Open a new Project in Blue J, create an abstract class called Animal with one abstract method move
* Create three sub-classes of Animal: Fish, Frog, Bird

e Each inherits and overrides the

Animal
el move () method
= A Fish swims, a Frog jump, a Bird
Flies
Fove) vl move)

I
[}
|
N : T
swims 3 jumps 0.5 flies 10 met
metres metre ies 10 metres
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Animal Code

public abstract class Animal

{

public abstract void move(int y);‘h“-.___........
}

public class Bird extends Animal
{

@0verride

public void move(int y)

{

System.out.printf ("I fly %d metres”, y);
}

public class Frog extends Animal

{
public class Fish extends Animal @0verride
{ public void move(int y)
@verride { _ . . ‘
public void move(int y) ; System.out.printf("I hop %d metres”, y);
{ )
System.out.printf("“I swim f%d metres", y);
}
}
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Polymorphism Key point
* In general, a variable of type X can point to any object that has an ‘is-a’ relationship to type X

Animal birdl = new Bird();
Animal bird2 = new Bird();
Animal frogl = new Frog();
Animal frogZ = new Frog();
Animal fishl = new Fish();

e Avariable of type Animal can point to a Bird, Frog or Fish object
e Bird, Frog or Fish objects have an ‘is-a’ relationship to the Animal class
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‘Is-a’ relationship

E.g. a variable (
Animal can poi
objects of any

type directly ;
below it / »Can swim

Animal

in the -:“-Cm Fly Fish /~» Has Gills
class \ X Has feathers
hierarchy

Has long, Is Pink
Canary Ostrich/Thin legs Shark ,_/.:ls Edible
"\, : = Is tall - -~ Swims
“Can sing \Can't Fly Is dangerous Dokt
\Is yellow Lay Eggs
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Codepad

Create an array of Animal references of size 6

Animal[] animal = new Animal[6];

Even though Animal is an abstract class we can still create an array of
Animal references
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Write the code

Now write the code to add a reference to a different animal in each array location

E.g. a bird in the first location
A bird in the second location
A Frog in the third location
And so on

QLLSCOILNA GAILLIMUE
UNIVERSITY oF GALWAY

Array of Animal
References

0

{ Bird object
P 28

Bird object

1
2
3
4
5




35

For tomorrow, write the code requested in the previous slide in a new
Class with a main method.
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