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1

2

3

4 public abstract class Employee implements Payable {

5 private final String firstName;

6 private final String lastName;

7 private final String socialSecurityNumber;

8

9

10 public Employee(String firstName, String lastName,

11 String socialSecurityNumber) {

12 this.firstName = firstName;

13 this.lastName = TastName;

14 this.socialSecurityNumber = socialSecurityNumber;
15 }

16

17

18 public String getFirstName() {return firstName;}

19
20
21 public String getLastName() {return TlastName;}
22
23
24 public String getSocialSecurityNumber() {return socialSecurityNumber;}
25
26
27 @0verride
28 public String toString() {
29 return String.format( y
30 getFirstName(), getLastName(), getSocialSecurityNumber());
31 }
32
33
34 public abstract double earnings(Q);
35
36
37
38 public double getPaymentAmount() {return earnings();}
39 1

Fig. 10.13 | Employee abstract superclass that implements Payab]e.

Subclasses of Employee and Interface Payable

When a class implements an interface, the same #s-4 relationship as inheritance applies.
Class Employee implements Payable, so we can say that an Employee is 2 Payable, and
thus any object of an EmpTloyee subclass also 7s @ Payable. So, if we update the class hier-
archy in Section 10.5 with the new Employee superclass in Fig. 10.13, then Salaried-
Employees, HourlyEmployees, CommissionEmployees and BasePTusCommissionEmployees
are all Payable objects. Just as we can assign the reference of a SalariedEmployee subclass
object to a superclass Employee variable, we can assign the reference of a SalariedEmploy-
ee object (or any other Employee derived-class object) to a Payable variable. Invoice im-
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plements Payable, so an Invoice object also s 2 Payable object, and we can assign the
reference of an Invoice object to a Payable variable.

Software Engineering Observation 10.10

Inheritance and interfaces are similar in their implementation of the is-a relationship. An
object of a class that implements an interface may be thought of as an object of that
interface type. An object of any subclass of a class that implements an interface also can be
thought of as an object of the interface type.

Software Engineering Observation 10.1 |

The is-a relationship that exists between superclasses and subclasses, and between
interfaces and the classes that implement them, holds when passing an object to a method.
When a method parameter receives an argument of a superclass or interface type, the
method polymorphically processes the object received as an argument.

Software Engineering Observation 10.12

Using a superclass reference, we can polymorphically invoke any method declared in the
superclass and its superclasses (e.g., class Object). Using an interface reference, we can
polymorphically invoke any method declared in the interface, its superinterfaces (one
interface can extend another) and in class Object—a variable of an interface type must
refer to an object to call methods, and all objects have the methods of class Object.

10.9.5 Using Interface Payable to Process Invoices and Employees
Polymorphically

PayableInterfaceTest (Fig. 10.14) illustrates that interface Payable can be used to pro-
cess a set of Invoices and Employees polymorphically in a single application. Lines 7-12
declare and initialize the four-element array payableObjects. Lines 8-9 place the refer-
ences of Invoice objects in payableObjects’ first two elements. Lines 10~11 then place
the references of SalariedEmployee objects in payableObjects’ last two elements. The
elements are allowed to be initialized with Invoices and SalariedEmployees, because an
Invoice is 2 Payable, a SalariedEmployee 7s 2 Employee and an Employee 7s 2 PayabTle.

1

2

3

4 public class PayableInterfaceTest {

5 public static void main(String[] args) {

6

7 Payable[] payableObjects = new Payable[] {

8 new Invoice( y , 2, ),

9 new Invoice( , , 4, ),

10 new SalariedEmployee s s s ),
11 new SalariedEmployee( s s s )
12 b

13

Fig. 10.14 | Payable interface test program processing Invoices and Employees
polymorphically. (Part | of 2.)
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14 System.out.printin(

15 )N
16

17

18 for (Payable currentPayable : payableObjects) {

19

20 System.out.printf( ,
21 currentPayable.toString(Q),

22 currentPayable.getPaymentAmount());

23 }

24 3

25 }

Invoices and Employees processed polymorphically:

invoice:
part number: 01234 (seat)
quantity: 2

price per item: $375.00
payment due: $750.00

invoice:
part number: 56789 (tire)
quantity: 4

price per item: $79.95
payment due: $319.80

salaried employee: John Smith
social security number: 111-11-1111
weekly salary: $800.00

payment due: $800.00

salaried employee: Lisa Barnes
social security number: 888-88-8888
weekly salary: $1,200.00

payment due: $1,200.00

Fig. 10.14 | Payable interface test program processing Invoices and Employees
polymorphically. (Part 2 of 2.)

Lines 18-23 polymorphically process each Payable object in payableObjects, dis-
playing each object’s String representation and payment amount. Line 21 invokes
method toString via a Payable interface reference, even though toString is not declared
in interface Payable—uall references (including those of interface types) refer to objects that
extend Object and therefore have a toString method. (Method toString also can be
invoked zmplicitly here.) Line 22 invokes Payable method getPaymentAmount to obtain
the payment amount for each object in payableObjects, regardless of the actual type of
the object. The output reveals that each of the method calls in lines 21-22 invokes the
appropriate class’s toString and getPaymentAmount methods.

10.9.6 Some Common Interfaces of the Java API

You'll use interfaces extensively when developing Java applications. The Java API contains
numerous interfaces, and many of the Java API methods take interface arguments and re-
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turn interface values. Figure 10.15 overviews a few of the more popular interfaces of the
Java API that we use in later chapters.

Comparable

Serializable

Runnable

GUI event-
listener
interfaces

AutoCloseable

Java contains several comparison operators (e.g., <, <=, >, >=, ==, !=) that allow
you to compare primitive values. However, these operators cannot be used to
compare objects. Interface Comparable is used to allow objects of a class that
implements the interface to be compared to one another. Interface Comparable is
commonly used for ordering objects in a collection such as an ArrayList. We use
Comparable in Chapter 16, Generic Collections, and Chapter 19, Generic
Classes and Methods: A Deeper Look.

An interface used to identify classes whose objects can be written to (i.e., serial-
ized) or read from (i.e., deserialized) some type of storage (e.g., file on disk, data-
base field) or transmitted across a network.

Implemented by any class that represents a task to perform. Objects of such a
class are often executed in parallel using a technique called multithreading (dis-
cussed in Chapter 21, Concurrency and Multi-Core Performance). The interface
contains one method, run, which specifies the behavior of an object when exe-
cuted.

You work with graphical user interfaces (GUIs) every day. In your web browser,
you might type the address of a website to visit, or you might click a button to
return to a previous site. The browser responds to your interaction and performs
the desired task. Your interaction is known as an event, and the code that the
browser uses to respond to an event is known as an event handler. In Chapter 12,
JavaFX Graphical User Interfaces: Part 1, you'll begin learning how to build
GUIs with event handlers that respond to user interactions. Event handlers are
declared in classes that implement an appropriate event-listener interface. Each
event-listener interface specifies one or more methods that must be implemented
to respond to user interactions.

Implemented by classes that can be used with the try-with-resources statement
(Chapter 11, Exception Handling: A Deeper Look) to help prevent resource
leaks. We use this interface in Chapter 15, Files, Input/Output Streams, NIO
and XML Serialization, and Chapter 22, Accessing Databases with JDBC.

Fig. 10.15 | Common interfaces of the Java API.

10.10 Java SE 8 Interface Enhancements

This section introduces interface features that were added in Java SE 8. We discuss these
in more detail in later chapters.

10.10.1 default Interface Methods

Prior to Java SE 8, interface methods could be onfy pub1ic abstract methods. This meant
that an interface specified what operations an implementing class must perform but not
how the class should perform them.
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As of Java SE 8, interfaces also may contain public default methods with concrete
default implementations that specify how operations are performed when an imple-
menting class does not override the methods. If a class implements such an interface, the
class also receives the interface’s default implementations (if any). To declare a default
method, place the keyword default before the method’s return type and provide a con-
crete method implementation.

Adding Methods to Existing Interfaces

Prior to Java SE 8, adding methods to an interface would break any implementing classes
that did not implement the new methods. Recall that if you didn’t implement each of an
interface’s methods, you had to declare your class abstract.

Any class that implements the original interface will 7or break when a default
method is added—the class simply receives the new default method. When a class imple-
ments a Java SE 8 interface, the class “signs a contract” with the compiler that says, “I will
declare all the abstract methods specified by the interface or I will declare my class
abstract’—the implementing class is not required to override the interface’s default
methods, but it can if necessary.

Software Engineering Observation 10.13
) Java SE 8 default methods enable you to evolve existing interfaces by adding new

Interfaces vs. abstract Classes

Prior to Java SE 8, an interface was typically used (rather than an abstract class) when
there were no implementation details to inherit—no fields and no method implementa-
tions. With default methods, you can instead declare common method implementations
in interfaces. This gives you more flexibility in designing your classes, because a class can
implement many interfaces, but can extend only one superclass.

10.10.2 static Interface Methods

Prior to Java SE 8, it was common to associate with an interface a class containing static
helper methods for working with objects that implemented the interface. In Chapter 16,
you'll learn about class Collections which contains many static helper methods for
working with objects that implement interfaces CoTlection, List, Set and more. For ex-
ample, Collections method sort can sort objects of any class that implements interface
List. With static interface methods, such helper methods can now be declared directly
in interfaces rather than in separate classes.

10.10.3 Functional Interfaces

As of Java SE 8, any interface containing only one abstract method is known as a func-
tional interface—these are also called SAM (single abstract method) interfaces. There
are many such interfaces throughout the Java APIs. Some functional interfaces that you’ll
use in this book include:

* ChangelListener (Chapter 12)—You'll implement this interface to define a
method that’s called when the interacts with a slider graphical user interface
control.
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e Comparator (Chapter 16)—You’ll implement this interface to define a method
that can compare two objects of a given type to determine whether the first object
is less than, equal to or greater than the second.

*  Runnable (Chapter 21)—You’ll implement this interface to define a task that
may be run in parallel with other parts of your program.

Functional interfaces are used extensively with Java’s lambda capabilities that we introduce
in Chapter 17. Lambdas provide a shorthand notation for implementing functional inter-
faces.

10.11 Java SE 9 private Interface Methods

As you know, a class’s private helper methods may be called only by the class’s other
methods. As of Java SE 9, you can declare helper methods in interfaces via private inter-
face methods. An interface’s private instance methods can be called directly (i.e., without
an object reference) only by the interface’s other instance methods. An interface’s private
static methods can be called by any of the interface’s instance or static methods.

Common Programming Error 10.7

Including the default keyword in a private interface method’s declaration is a compi-
lation error—default methods must be public.

.4

10.12 private Constructors

In Section 3.4, we mentioned that constructors are normally declared pub1ic. Sometimes
it’s useful to declare one or more of a class’s constructors as private.

Preventing Object Instantiation

You can prevent client code from creating objects of a class by making the class’s construc-
tors private. For example, consider class Math, which contains only pubTic static con-
stants and public static methods. There’s no need to create a Math object to use the
class’s constants and methods, so its constructor is private.

Sharing Initialization Code in Constructors

One common use of a private constructor is sharing initialization code among a class’s
other constructors. You can use delegating constructors (introduced in Fig. 8.5) to call the
private constructor that contains the shared initialization code.

Factory Methods

Another common use of private constructors is to force client code to use so-called “fac-
tory methods” to create objects. A factory method is a pub1ic static method that creates
and initializes an object of a specified type (possibly of the same class), then returns a ref-
erence to it. A key benefit of this architecture is that the method’s return type can be an
interface or a superclass (either abstract or concrete).?

2. Gamma, Erich et al. Design Patterns: Elements of Reusable Object-Oriented Software. Reading, MA:
Addison-Wesley, 1995.
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