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2 CHAPTER 1 ~ CLASSES AND INTERFACES

1.1 Prologue

If you go to a computer museum, you will find pictures of the first computers from
the 1950s. Each of them was custom-designed and built, with specia electronics for
the CPU and memory. What is now inside a smal laptop took up a whole room:
rows of cabinets filled with vacuum tubes, connected by massive cables; asin a sci-fi
movie, you could enter and walk inside. By contrast, modern computers are designed
around standard components and built in automated factories. That's what makes it
possible to put one on your lap for a reasonable price.

You won't find pictures of computer software in a museum. But if you could enter
and walk around software systems, you would find all kinds of things, from rather
elegant structures to huge monstrosities, often barely standing, with pieces held
together by the software equivaent of string and duct tape. A small change in one
place upsets the whole structure; more strings and tape and props become necessary
to prevent the contraption from collapsing. Perhaps these specimens do belong in a
museum after al! For better or worse, software remains mostly invisible, hidden
behind thousands of lines of code. It is mysterious, sometimes even full of surprises
(Figure 1-1).
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Figure 1-1. Microsoft’'s Office 97 version of Excel, a popular spreadsheet program
used by millions of people for serious work ranging from financial forecasting to
scientific modeling, has a well-hidden toy Flight Smulator built into it. Did a
mischievous developer put it in? In Excel 97, press Crl - G type L97: X97, press
Ent er, press Tab, then click on the “ Chart Wizard” icon while holding the Shi ft and
Crl keys down. Expert flying eventualy reveals a monolith with the names of the
product devel opment team scrolling onit. Press Esc to return to the spreadsheet.
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When we say that a computer program is “written,” like a book or atune, thisimplies
an individua cregtive effort with few constraints. The notion of programs as being
“written” influenced the way we thought about software for along time. But awhile
ago, software researchers and professionals started asking themselves: Can we,
instead, assemble computer programs from standard pre-tested software components,
just as modern computers are assembled from ready-made hardware components?
Object-oriented programming has taken up the task of realizing this dream.

The main gods of OOP are team development, software reusability, and easier
program maintenance. The main OOP concepts and tools that serve these goals are
abstraction, encapsulation, inheritance, and polymorphism In this chapter we review
these key concepts and their implementation in Java. We take a closer look at how
Java uses classes and interfaces, inheritance hierarchies, and polymorphism to
achieve the goal of better-engineered programs. Our case study and lab for this
chapter is an applet that plays the Chomp board game with the user. It demonstrates
abstraction, encapsulation, inheritance, and polymorphism.

1.2 Inheritance

As we know, in Java al objects belong to classes. A class defines the features and
responsibilities of its objects: their fields (data elements) and methods. In strongly-
typed computer languages, like Java, the class determines the data type of its objects.

fields and methods of the base class in the derived class. The derived

‘ Inheritance allows us to take a class and extend it, “inheriting” all the
‘ class can redefine some of the features or add new features.

base class (superclass)
JAN

derived class (subclass)

Figure 1-2. Terminology and notation for inheritance:
base classis extended to make derived class
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The base class is dso called the superclass, and the derived class is dso caled the
subclass (Figure 1-2). In Java, super is a reserved word that allows constructors
and methods of the subclass to refer to constructors, methods, and fields of the
superclass.

Severa classes are often derived from the same class. A derived class may in turn
become a base class for a new derivation, resulting in a hierarchy of classes. In Java,
al classes belong to one big hierarchy derived from the most basic class, called
bj ect. This class provides a few features common to al objects; more
importantly, it makes sure that any object is an Obj ect, an instance of the Obj ect
class, which is useful for implementing structures that can deal with any type of
objects. If we start our own class “from scratch,” then our class automatically
extends Obj ect . For example:

public class Player

{
_

is equivalent to:

public class Player extends bject

{
_.

When we derive new classes from Pl ayer, we start building a class hierarchy for
our application or package. For example:

public class HumanPl ayer extends Pl ayer

{
_

public class ConputerPl ayer extends Pl ayer

{
_

This resultsin the hierarchy shown in Figure 1-3.

The classes that lie closer to the top of the hierarchy are more general and abstract;
the classes closer to the bottom are more specidized. Java alows us to formally
define an abstract class. In an abstract class, some or al methods are declared
abstract and left without code.



CHAPTER 1 ~ CLASSES AND INTERFACES 5

java. |l ang. Obj ect

N

Pl ayer

AN

HumanPl ayer Conput er Pl ayer

Figure 1-3. Pl ayer and two derived classes

‘ An abstract method has only a heading: a declaration that gives the
Il method’s name, return type, and arguments. An abst ract method has
‘ no code.

For example, consider the definition of Pl ayer in Figure 1-4. All its methods are
abstract. Pl ayer tels us what methods a player must have but does not tell us
exactly how they work.

‘ Inan abstract class, some methods and constructors may be fully
defined and have code supplied for them while other methods are
‘ abstract.

A class may be declared abstract for other reasons, too. For example, some of the
fieldsin an abstract class may belong to abstract classes.

More specialized subclasses of an abstract class have more and more methods
defined. Eventualy, down the inheritance line, the code is supplied for all methods.

A class where all the methods are fully defined and which has no
abstract fieldsis called a concrete class.

A program can only create objects of concrete classes. An object is caled an
instanceof itsclass. An abstract classcannot be instantiated.
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/**

* A player in a board gane
*

/

public abstract class Player

/**
* Returns a pronpt to be displayed before
* the next move of this player
*/

public abstract String getPronpt();

/**
* Returns a nmessage to be displayed when
* this player has won

*/

public abstract String get WnMessage();

/**

* Called to initiate this player's next nove
*/
public abstract void nakeMve();

Figure 1-4. Theabstract classPl ayer

Different concrete classes in the same hierarchy may define the same method in
different ways. For example:

public class ConputerPl ayer extends Pl ayer

{
[ xx
* Returns a pronpt to be displayed before
* the next nove of this player
*/
public String getPronpt()
{

return " Hm .. Let nme think...";

}
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public class HumanPl ayer extends Pl ayer

{
Jxx
*
*

*/

Returns a pronpt to be displayed before
the next move of this player

public String getPronpt()

{

return " Your turn...";

}

® 0, ®
% °n %

Java library packages provide classes for al kinds of things. Classes in your

application often extend library classes. This lets you reuse library code and add
your own features.

or alibrary class.

‘I Y ou do not need access to its sour ce code to extend someone else's class

j ava. | ang. Obj ect

o

_ AN
j ava. awt . Conponent
e \
j ava. awt . Cont ai ner
4 N\
j avax. swi ng. JConponent
/ N\

j avax. swi ng. JPanel

o
GaneBoar d

ChessBoard Bat t | eshi pBoard ChonpBoar d

Figure 1-5. A hierarchy of classes (progressing from standard library classesto

classes from a hypothetical package for board games)
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The class hierarchy shown in Figure 1-5 starts with Obj ect . Below it are a few
library classes from the standard Java packages AWT and Swing. Under these are
classes from a hypothetical package for board games. The GaneBoar d class may be
an abdgtract class, but ChessBoard, Battl eshi pBoard, and ChonpBoard are
probably concrete classes.

7 ® 7
0’0 0.0 0’0

In Java, constructors are not inherited, so subclasses of the same
super class may have different constructorswith different arguments.

But the superclass constructors' code does not have to be duplicated in a subclass.

| A subclass's constructor can explicitly call any constructor of its
| superclass by using the keyword super. If super(...) is called, then
| super (...) must bethefirst statement in the constructor.

Suppose, for example, that the Pl ayer class has a constructor that sets the value of
thefield my Nane to the string passed to it as an argument:

public abstract class Player

{
private string nyNane;

public Player(String name) // constructor

{

nyName = namne;

}
}

HumanPl ayer and Conput er Pl ayer inherit the field nyNane, but they cannot
directly accessit because nyNane ispri vat e inPl ayer. However, constructors of
these classes can call Pl ayer’s constructor to set nyNane. This is accomplished
using Java sreserved word super :

public class HunanPl ayer extends Pl ayer

{

publ i c HumanPl ayer (String nanme) // constructor

super ( nane) ;
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Or:

public class ConputerPl ayer extends Pl ayer

{
public ConputerPlayer() // constructor

super (" Computer");
}

_—

Recdll that if you do not define any constructors for a class, then Java provides one
default constructor that takes no arguments and initializes al the fields to their
default values: O for numbers, f al se for bool eans, nul | for objects. However, if
you provide at least one constructor, then the default constructor is not provided
automatically.

‘I It isa good idea to define a so-called no-args constructor (a constructor

with no arguments) for your class if you plan to define other
constructors.

® 0, ®
% ° %

Derived classes can not only add fields and methods to the base class's fields, they
can aso redefine a method from the superclass. Sometimes a method of a subclass
needs to expand the functionality of the superclass s method. Again, there is no need
to duplicate the code from the superclass, no need even to have access to that code.
Instead, the subclass's method can explicitly call any method of the superclass using
super . For example:

public class ChompBoard extends JPanel
{

bUbI i ¢ void pai nt Conponent (G aphics g)
{

set Backgr ound( Col or. or ange);
super . pai nt Conponent (g) ; /1 fills the background

/1 Now add your own draw ng:

.
}

When you derive a class from a library class or someone else's class, you have to be
careful not to redefine a base class s method inadvertently.
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To recap: inheritance allows us to reuse some code from the base class in a derived
class, saving development time. It aso helps to avoid duplicate code, thus making
program maintenance easier: if you need to change the code, the change needs to be
made in only one place.

1.3 Polymorphism

With inheritance and class hierarchies, the notion of an object’s data type becomes a
little blurred. Suppose we create an instance of the Conput er Pl ayer class. The
data type of that object is Conput er Pl ayer. But aConput er Pl ayer is aso a kind
of Pl ayer; if we need to refer to that object in a more generic way, ignoring the
specifics of precisaly what kind of Pl ayer it is, Java alows us to do that. For
example:

Pl ayer p;
p = new ConputerPlayer(...);

p. makeMbve() ;

There may be severa sSituations where we need to refer to an object using its more
generic supertype rather than its most specific type. One such situation is when we
want to mix different subtypes of objects in the same collection (array, ligt, etc.). For
example:

Pl ayer players[] = new Player[2];
pl ayers[ 0] = new HumanPl ayer(...);
pl ayers[ 1] = new ConputerPlayer(...);

pI éyer [current Pl ayer]. makeMove();
Thisis possible because both HumanPI ayer and Conput er Pl ayer are Pl ayers.

Therefore, besides reusing code, inheritance serves a second purpose; it provides a
common base data type that lets us refer to objects of specific types through more
generic types of references; in particular, we can mix objects of different subtypesin
the same collection. This is Java's response to two contradictory demands. On one
hand, we want a programming language to strongly enforce the discipline of data
types; on the other hand, we want to be able to apply the same agorithms to objects
of dightly different data types and to mix different objects in the same collection.
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You may be wondering: Once we start referring to objects using variables of more
generic types, don't we lose the specific data type information about the object? For
example, once we state

Pl ayer players[] = new Pl ayer[2];
pl ayers[0] = new HumanPl ayer(...);
pl ayers[ 1] = new ConputerPlayer(...);

how can we (or the compiler) keep track of exactly what kinds of players
pl ayers[ 0] and pl ayer s[ 1] redly are? When we write

pl ayers[current Pl ayer]. makeMove();

how does the compiler know which method to call? Both HunanPl ayer and
Comput er Pl ayer have a makeMove method, but these methods do different things.

The answer to this question is polymorphism. When the code is compiled, the
decison on which method to call is postponed until the program is executed — a
technique called late or dynamic method binding. When the program is running,
each object itsdf knows exactly what kind of object it is, and it automatically makes
sure the correct method is called. Roughly speaking, each object contains alink to a
table that holds the entry points of its methods.

‘I Polymor phism ensures that the correct method is called for an object of
a gpecific type, even when the object is disguised as a reference to a
mor e generic type.

Among other things, polymorphism is essentia for plugging in your own methods in
place of the default calls in library methods. For example, it is common to redefine
the pai nt Conponent method for the GUI components you have derived from
library classes:

public class ChompBoard extends JPanel
{

pubI i ¢ void pai nt Conponent (G aphi cs g)
{

, o
}

Java s library code does not know what kind of components you have placed on your
application window’s content pane — it just repaints al of them in order by caling
each on€'s pai nt Conponent . Thanks to polymorphism, your own
pai nt Conponent methods are called for your components.
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Polymorphism is automatic; al you have to do is properly derive your classes from a
common base class.

Without polymorphism, the program would have to query objects about their type
and then call the appropriate methods. That would look ugly, something like this:

String typeO Player = players[currentPlayer].getC ass().getNane();

if (typeOPlayer. equal s("HumanPl ayer"))
((HumanPl ayer) pl ayers[current Pl ayer]). nakeMove();

else // if (typeOPlayer.equal s("ConputerPlayer"))
((Conput er Pl ayer) pl ayers[current Pl ayer]). nakeMove();

Polymorphism streamlines the code by making explicit type checks and conditional
branching unnecessary.

1.4 Encapsulation and Abstraction

A well-designed class hides al the details of its implementation from other classes
(and from the programmers who work on other classes). In particular, dl fieldsin a
classare usually declared pri vat e, as are “helper methods’ used only internaly by
the class. A class interacts with other classes that use it (its clients) through a well-
defined set of public constructors and public methods. This principle is called
encapsulation.

It is useful to think of “privacy” as applied to the programmer who defines the class
rather than to individua objects of the class. If a program creates severa objects of
the same class, methods of one such object can cal the public and private methods of
another and can accessits private fields. For example:
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public class Fraction

{

private int num denom

/'l Constructor:
public Fraction(int a, int b)
{

num = a;

denom = b;

reduce();

public Fraction nultiply(Fraction other)

{
return new Fraction(num* other.num denom * other.denon ;
/1 this object's method can access and even nodify
/1 other object's private fields, as |ong as other
/1 belongs to the same cl ass.
}
/*
* Reduces this fraction
*/
private void reduce()
{
}

}

But the private fields and private methods of one class are not accessible in other
classes. For example:

public class MyMath

{
public static void main(String[] args)
{
Fraction f1(1, 2), f2(1,3);
Fraction product = f1.multiply(f2);
product . reduce(); /1 Syntax error -- can't call
/1 Fraction's private nethod
System out . println(product. num
+ "/" + product.denom; // Syntax error -- can't access
/1 Fraction's private fields
}
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Encapsulation facilitates team development because it minimizes the required
interactions between developers. After severa programmers agree on the public
interfaces for their classes, each can go his own way to develop and test the code for
his class.

Encapsulation also makes sure that any changes to the implementation of the class
remain hidden from other classes. Y ou can do whatever you want to your class, and
other classes in the project are not affected, as long as the class's interface remains
the same. A local change in the code does not propagate through the whole program
— aprinciple called locality. This makes software maintenance more manageable.

Findly, encapsulation forces the programmer to focus on the important public
features of the class, making the class's definition more abstract. Abstraction
basically means ignoring irrelevant detaills and emphasizing the relevant ones.
Encapsulation forces the programmer to formally define what is relevant. As a
result, a class describes well-defined responsibilities of its objects. A more abstract
definition makes the class more likely to be reused in other projects.

7 ® 0,
0’0 0.0 0’0

A class does not have to be declared abst r act to be abstract to some degree. There
are different levels of abstraction; more and more details become clarified as your
objects become more specific. Stll, it is a good idea to maintain some level of
abstraction and not to make your classes very specialized too quickly. At the top
levels of the inheritance hierarchy, the classes are often abstract in the Java
reserved-word sense: the code for some of their methods remains undefined (or some
of their fields are variables of abstract class types and remain uninitialized). You
cannot create objects of such classes, but they do help you formalize the properties
and responsibilities of objects.

|I M or e abstract often means morereusable.

For example, the Pl ayer classin Section 1.2 (Figure 1-4 on page 6) defines three
public methods:

public abstract String getPronpt();
public abstract String get WnMssage();
public abstract void nakeMove();

Such a“player” can participate in any game for any number of players.

7 /7 7
’0 0.0 0’0
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An encapsulated class usudly provides some public methods caled accessors that
return the values of private fields and some modifiers that set the vaues of private
fields. It is common to start an accessor’'s name with “get” and a modifier’s name
with “set.” For example:

public class Player

{
private string nyNane;

publ ic String get Nane()

{
return nyNane;

}

public void setName(String nane)

{
myName = nane;

}
L

If necessary, accessors and modifiers can convert the fiedd's value into a different
data type or perform additiona transformations or adjustments. A modifier can
perform additional checks to make sure that the modified field aways gets a valid
value. For example:

public void setName(String nane)

if (name !'= null)
myNane = nane.trim);

/7
0‘0

*

/7 7
0‘0 0’

The same programmer often works on a whole hierarchy of classes, ill, the
programmer encapsulates al the classes in the hierarchy, relying on accessors and
modifiers for access to private fields. In fact, a programmer may prefer to use
accessors and modifiers rather than access the fields directly even within the same
class. That increases locality, making the code less dependent on the class's
implementation.

Java dlows you to declare afield or amethod as pr ot ect ed rather than pri vat e or
public. A protected field is directly accessible in subclasses but acts as private for
other classes. You may be tempted to use protected fields in your base class and
refer to them directly in your derived class, as opposed to using private fields with
accessors and modifiers. However, if you do that and later change the fields in your
base class, you might need to change your derived class, too. Bad for locality. Even
worse: What if another programmer derives a class from your base class and refers
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directly to your class's protected fields? Then you make changes to the
implementation of your class in the next release of your package, and the other
programmer’s class no longer works. That iswhy it is safer to aways make al fields
private. You may occasionaly want to declare a method pr ot ect ed rather than
public. This would indicate that the method is somewhat more technicad, like a
specidized more intricate tool: perhaps useful in derived classes, but not for genera
use.

1.5 Interfacesvs. Abstract Classes

Java class hierarchies are great, but the rea world is not always quite as neat, and
OOP applications may have trouble fitting al the objects into one hierarchy of types.
A HumanPl ayer isaPl ayer, but what if we want it to aso be a Per son with such
attributes as name, age, e-mail address, and so on? Wouldn't it be nice to be able to
combine the features of two or more base classes in one derived class? Something
like

public class HumanPl ayer extends Player, Person // syntax error!

Java does not alow such multiple inheritance. The reason is smple: if more than
one of the base classes define a method or field with the same name, which one of
them is inherited in the derived class? If al of them are inherited, how can we
distinguish between them? The compiler (and the programmer) may get confused.

Asusua, Java offers a compromise: aclass can extend only one base class, but it can
implement severa interfaces.

| An interfaceisakin toan abstract class: it gives a formal specification
Il for objects by listing all the required methods, but does not provide the
| actual code.

i npl enents and i nterface are Java reserved words. The choice of the word
“interface” is perhaps unfortunate: this computer term is aready overused (or, as a
programmer might say, “overloaded’). We have “hardware interface” “user
interface,” “class sinterface...” It isthe latter usage that has inspired Java s keyword
i nterface.

| When we state in a class's definition that the class i npl enents an
I interface, it means that the class supplies code for all the methods
| specified in that interface.
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An interface smply gives the prototype for each method (its name, return type, and
the argument list) but no code. In that respect an interface is very smilar to an
abstract class. The difference is that an abstract class can have some fields,
constructors, and public or private methods implemented. An interface does not have
any congtructors and no code is defined for any of its methods. Thus an interface is
even more abstract than an abst r act class!

Writing interfaces is easy. Let us take, for example, the abstract class Pl ayer from
Section 1.2 (Figure 1-4 onpage 6). Figure1-6 shows Pl ayer rewritten as an
interface. Instead of public cl ass wewrite public interface. Wecan adso
omit the keyword publ i ¢ in al the methods because they are assumed to be public
by default. (Likewise, if an interface has fields, they are assumed to be
public static final by default and must beinitialized.)

/**

* A player in a board gane
*

/

public interface Player

/**

* Returns a pronpt to be displayed before
* the next nove of this player
*
/
String getPronpt();

/**

* Returns a nmessage to be displayed when
* this player has won

*/

String get WnMssage();

/**

* Called to initiate this player's next nove
*/

voi d makeMove();

Figure 1-6. Pl ayer, rewritten asan interface
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Now, ingtead of deriving HumanPl ayer and Conput er Pl ayer from the abstract
class Pl ayer , we can make them implement the interface Pl ayer :

public class HumanPl ayer i npl enents Pl ayer

{
_.

public class ConputerPl ayer inplenents Player
{

_
We don’t have to change anything else.

The abstract class Pl ayer did not have any code for its methods anyway: dl of them
were abstract. So we have not lost anything by rewriting it as an interface. But we
have gained something: we have freed the “extends’ dot previously occupied by
Pl ayer. Now, if necessary, we can derive HumanPl ayer, Conput er Pl ayer , and
other classes that implement Pl ayer from something else. For example:

public class HumanPl ayer extends Person
i mpl enents Pl ayer

{
_

7 /7 7
0’0 0‘0 0’0

|I If necessary, the same class can implement multiple interfaces.

For example:

public class HunanPl ayer
i mpl ements Pl ayer, Mbuseli stener

{
_

Or:

public class ConputerPlayer
i mpl ements Pl ayer, ActionListener

{
_
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Interfaces are usually pretty short — it doesn’t make much sense to declare too many
methods in one interface. If necessary, you can split the methods between several
interfaces. Then a class can implement all the interfaces it needs. Recall how the
library interface MouseLi stener specifies five methods. nouseCl i cked,
mouseEnt er ed, nouseExi t ed, nousePr essed, ad nouseRel eased. Another
interface, MouseMoti onLi st ener, specifies two methods, mouseMoved and
mouseDr agged. A class can implement one or both of these interfaces.

It is dso possible to add methods to an interface by deriving a “ subinterface” from it.
Something like:

public interface ChessPl ayer extends Pl ayer

{
String get CheckMessage();

® 0, ®
% °n %

We have aready mentioned the dual benefits of inheritance: it helps us reuse code,
and it provides a common base data type for polymorphic collections. Java's variety
of “multiple inheritance’” with interfaces offers nothing for reusability of code
because interfaces don’t have any code. But interfaces are very helpful for supplying
secondary data types to objects and for supporting polymorphism. Just as a red-life
object may be used in different ways depending on the situation (e.g., for tossing up
in the air, as a container, or to cover one's head), an object in a program may assume
different “appearances’ for different purposes.

‘ If a classimplements an interface or several interfaces, an object of that
class has the primary data type defined by its class, plus secondary data
types defined by all theinterfacesthat the classimplements.

Consider, for example, aclass HumanPI ayer :

public class HumanPl ayer
i mpl ements Pl ayer, Mbuseli st ener

{
L

An object of this class has the data type HumanP!l ayer . For example,

HumanPl ayer p = new HunmanPl ayer ("Joe");
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Once the interface Pl ayer is introduced, it becomes a legitimate data type. For
example, we can create an array of Pl ayers:

Pl ayer players[] = new Player[2];

Since HumanPl ayer implements Pl ayer, we can put a HunanPl ayer object into
thearray pl ayer s, together with objects of other classes that implement the Pl ayer
interface. For example:

pl ayer s[ 0]
pl ayers[ 1]

new HumanPl ayer(...);
new Comput er Pl ayer(...);

HumanPl ayer aso implements the MouseListener interface that specifies
methods for capturing mouse events (the moves for this player are entered with a
click of the mouse). Therefore, a HumanPl ayer object is a kind of
Mouseli st ener ; MouselLi st ener is yet another of its secondary data types. This
makes its possible to pass a HunanPl ayer object as an argument to a method that
expects a MouselLi stener and to place a HumanPl ayer object into a list of
Mouseli st ener s. For example:

ChompBoard board = new ChonpBoard(...);
HurmmanPl ayer p = new HumanPl ayer (...);
boar d. addMbuselLi st ener (p);

Polymorphism ensures that the correct methods are automatically called for an object
that implements an interface.

| A class that implements an interface must supply all the methods
| specified by that interface.
F

or example, even though HumanPlayer actualy uses only one of
Mouseli st ener 's methods, nouseRel eased, dl five MouselLi st ener methods
must be defined, even if the code of the unused methods consists only of empty
braces (Figure 1-7).

The reverse is not true: even if you implement al the interface’ s required methods in
a class, that class still doesn't “implement” the interface unless you formally state
that it does. If, for example, you supply al five MuseLi st ener methods in
HumanPl ayer but forget the words i npl ements MouselLi st ener in the class's
header and then try

HurmmanPl ayer p = new HumanPl ayer (...);
boar d. addMbuselLi st ener (p);
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the compiler will report a syntax error and show a somewhat cryptic error message,
something like this:

addMouseli st ener (j ava. awt . event . MouselLi stener) in java.aw . Conponent
cannot be applied to (HunmanPl ayer)

That means the data types do not match: HumanPI ayer isnot aMouselLi st ener .

public class HumanPl ayer
i mpl ements Pl ayer, Mbuseli stener

{

/**
*
*/

public void mouseRel eased( MouseEvent e)

{

if (!myTurn)
return;

Call ed automatically when the nouse button is rel eased

/1 Not used but required by the MuselListener interface spec:
public void moused i cked(MuseEvent e) {}
public void mousePressed(MuseEvent e) {}
public void nmouseEnt ered(MuseEvent e) {}
public voi d nouseExited(MuseEvent e) {}

Figure1-7. HumanPl ayer implementsMouselLi st ener

Inheritance, encapsulation, accessors and modifiers, abstract and concrete classes,
interfaces — al of this may seem overwhelming at first. But this is the essence of
OORP. It isnot sufficient to say that your program consists of interacting objects; you
need to know how objects of different types relate to each other. After all, if you are
hoping to assemble programs from reusable components, you need to know the
genera properties of the components and the rules for putting them together.
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1.6 Case Study and Lab: Chomp

The game of “Chomp” can be played on a rectangular board of any size. The board
is divided into squares (let’s say the board represents a chocolate bar). The rules are
quite simple: the two players alternate taking rectangular “bites’ from the board. On
each move, the player must take any one of the remaining squares as well as al the
squares that lie below and to the right (Figure 1-8). The sguare in the upper left
corner of the board is “poison”: whoever takes it loses the game. Run the Chomp
applet using the compiled Java files on your student disk in the Ch01\ RunChonp
folder to get afed for this game.

The number of dl possible positions in Chomp is finite and the players make steady
progress from the initiad postion to the end, as the total number of remaining
“edible’ sguares on the board decreases with each move. Games of this type aways
have a winning strategy either for the first or for the second player. But, despite its
simple rules, Chomp turns out to be a tricky game: you can prove mathematically
that the first player has a winning strategy, but the proof does not tell you what that
strategy is” You know you can win if you go firgt, but you don't know how!
Frustrating...

B 4pplet Viewsr: BoardGamedpplst | =]
Applet
Hmm... Let me think...

Next move: the five
| L remaining squares
/ inside the angle will
be “eaten.”

Applet started.

Figure 1-8. The Chomp game applet

* The proof looks like this. The first player can try to take the lower right corner on the first move. If
this is the correct move in a winning strategy, the first player is al set. If it is not, the second player
must have a winning move in response. But the first player could “steal” that winning response move
and make it his own first move! In the theory of finite games, this argument is called “strategy
stealing” Unfortunately, this proof gives no clue asto what the winning strategy might be.
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As of now, no one has been able to come up with a formula for the winning Chomp
positions (except for the 2 by nand n by n boards). There are computer programs
that can backtrack from the final position (where only the “poison” square is left) and
generate alist of al the winning positions. Our Chomp applet uses such a list, so the
computer has an unfair advantage. You could try to “steal” the winning moves from
the computer, but the applet’s author has foreseen such a possibility and programmed
the computer to intentionally make a few random moves before it settles into its

winning strategy.

«interface,
Pl ayer

S

%

Boar dGaneAppl et

AN

HurmanPl ayer

Conput er Pl ayer

AN

/

N

(embeds, uses, or refers to)

CharMatrix |KJ— ChonpGane Strat egy
ChonpBoard ChonpBoar d»
Conmput er Pl ayer »
. . HumanPl ayer , and
i Legend: : Strat egy
5 is derived from i
; > ' JALJ/use
implements :
: B | o Al
| - Y ' Posi tion
| is“aware o

Figure 1-9. The classesin the Chomp applet

Luckily, our goa here is not to beat the computer a Chomp, but to learn some
principles of object-oriented software design and to practice our Java programming
skills. Let us begin by looking at the overall structure of this applet Figure 1-9).
The applet consists of eight classes and one interface, Player. An arrow from one




24 CHAPTER 1 ~ CLASSES AND INTERFACES

class to another indicates that the first class “knows’ something about the second
one: it uses the second class's constructors or methods. An arrow with a triangular
head represents inheritance: it connects the derived class to its base class. A dotted
arrow with a triangle from a class to an interface indicates that the class implements
that interface.

In OOP, a large number of classes is not considered a problem, as long as they are
reasonably short and managesble and clearly define the responsibilities of their
objects. In designing this applet we tried to reduce dependencies between classes,
caled coupling. Boar dGameAppl et , HumanPl ayer, and Conput er Pl ayer, for
instance, know very little about ChonpBoar d. Conput er Pl ayer is the only class
that is aware of St r at egy’s constructors and methods.

Let us briefly review the responsibilities of each of these classes.

Thetop class, Boar dGaneAppl et (Figure 1-10), derived from JAppl et , represents
the applet as awhole. Its i ni t method creates the game object, the board, and the
players, and adds a display field and the board to the applet’s content pane. Note
how general this class is. it doesn't really care what game is played or how the
players make their moves, as long as they take turns. The Boar dGameAppl et’s
hasMoved method is called by each player when that player completes its current
move. This method either displays a winning message if the game is over or else
prompts the other player to make the next move. (hasMoved is needed because a
player does not complete the move right away when makeMove is caled: the “human
player” waits for a mouse click and the “computer player” waits until the display
stops flashing.)

As discussed in the previous sections, the Pl ayer interface, implemented by both the

HumanPl ayer and Conput er Pl ayer classes, alows us to place different kinds of

“players’ into the same array and rely on polymorphism to call their appropriate

methods. The HumanPl ayer object gets its next move from a mouse click on a
particular square. The Conput er Pl ayer object createsa St r at egy object and then
consults it for each move.

The ChonpGane class is designed to keep track of the board's configuration and
implement the moves. But ChonpGane does not display the board — that function is
left to a separate “view” class. ChonpGane only represents the “model” of the game.
Thisclass and the St r at egy class are redlly the only classes that “know” and use the
rules of Chomp.
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/**

* |nplenents a board gane applet with someone
* playing agai nst the conputer

*/

i nport java.awt.*;

i mport javax.sw ng.*;

public cl ass BoardGaneAppl et extends JAppl et

{
private ChonpGane gane;
private JTextFi el d displ ay;
private Player players[];
private int currentPl ayer;

public void init()

{
Cont ai ner ¢ = get Cont ent Pane();
di splay = new JText Fi el d(20);
di spl ay. set Backgr ound( Col or. yel | ow) ;
di spl ay. set Edi t abl e(fal se);
c. add(di spl ay, BorderLayout. NORTH);
ChonpBoard board = new ChonpBoard();
c. add(board, BorderlLayout.CENTER);
gane = new ChonpGane( board);
pl ayers = new Pl ayer[2];
pl ayers[ 0] = new HumanPl| ayer (thi s, gane, board);
pl ayers[1] = new Computer Pl ayer (this, ganme, board);
current Pl ayer = O; /1 optional -- default
di spl ay.set Text (" You go first...");
pl ayers[current Pl ayer]. makeMove();

}

/'k*

* Called by the player when its nove is conpleted
*/

public void hasMoved()

{
currentPl ayer = (currentPlayer + 1) % 2;
Pl ayer p = players[currentPl ayer];

}

}

Figure 1-10. Ch01\ Chonp\ Boar dGameAppl et . j ava
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The ChonpGane class extends Char Mat r i x, a general-purpose class that represents
a 2-D array of characters. A matrix of characters helps ChonpGane to represent the
current configuration of the board. We could potentially put all the code from
Char Matri x directly into ChonpGanme. That would make the ChonpGame class
rather large. More importantly, genera methods dealing with a character matrix
would be mixed together in the same class with much more specific methods that
ded with the rules of Chomp. Such a class would become intractable and hardly
reusable. By separating the more general functions from the more specific ones, we
have created areusable class Char Mat ri x without any extra effort.

St rat egy encapsulates the winning Chomp strategy and contains the list of winning
positions for a 4 by 7 Chomp board. This class provides two public methods,
findBest Move and f i ndRandonivbve. The code for this classis rather cryptic, but
we don't really need to know much about it beyond this class's public interface, its
constructor, and its two public methods. Whoever wrote and tested this class is
responsible for it! Thisisteam development at its best.

ChonpBoar d is the longest class in this project. It implements the “view,” the
graphics display of the board. The code in this class has to deal with rendering
different squares in different colors and to support the “flashing” feedback for
computer moves.

Findly, the Posi ti on class represents a fow, col) position on the board. It is a
smple class. one constructor, Position(row, col), and two accessors,
get Row() and get Col (). We could have used one of the library classes instead but
decided to write our own as an example. Such small auxiliary classes often define
objects that carry information between other objects. In the Chomp applet,
Posi ti on objects are passed from the strategy object to the computer player and
from the board to the human player.

Looking ahead a little, we should mention that this applet’s design fits the model-
view-controller (MVC) design pattern explained in detail in Chapter 10. The main
idea of such a design is to clearly separate the “model” (a more abstract object that
describes the situation) from the “controller” (the object that changes the state of the
mode) and from the “view” (the object that displays the model). The “view” is
attached to the model and changes automatically (or amost automatically) when the
model changes. This way we can easily attach several different views to the same
mode if we need to. In the Chomp applet, the ChonpGane class implements the
“model.” The applet’'s main class and both “players’ together work as the
“controller.” Finaly, the ChonpBoar d object is the “view.”
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We should aso point out an intentional flaw in our design. The strategy object is
created by the computer player, which makes it hard to change the strategy (e.g., to
support different levels of play). A proper design would have a higher level object
(e.g., the applet itself) attach a strategy to the computer player. Strat egy would be
an interface, which different strategy classes would implement. This improved
design would follow the Strategy design pattern. Fixing the Chomp applet along
these lines is the subject of Question 7 in the exercises.

i
% T

As an exercise, restore the missing code in two of Chomp’s classes. All the Chomp
source files, as well as the HTML file that runs the applet and an audioclip file, are
provided in the Ch01\ Chonp (&l folder on your student disk. Fill in the blanks in the
hasMoved method of the Boar dGaneAppl et class, caling as necessary the
methods specified by the Pl ayer interface. Supply the missng code for al the
methods in the Charnatrix class as described in their respective javadoc
comments. Test your applet.

1.7 Summary

The key OOP concepts— abstraction, encapsulation, inheritance, and polymorphism
— am at better-engineered software, team development, software reusability, and
easier program maintenance.

Inheritance alows a programmer to extend a base class (a superclass) into a derived
class (a subclass). You can add new fields and methods and redefine some of the
base class's methods in the derived class. Congtructors are not inherited, but a
constructor of a derived class can call any of the superclass's congtructors. In Java,
all classes with no specific derivation automatically extend the class Obj ect .

Inheritance helps to arrange classes into a hierarchy, with more abstract classes near
the top and more specialized classes below. Java alows you to declare a class
abstract and declare some of its methods abst r act with no code provided. The
abstract methods eventually get defined further down the inheritance tree. A class
in which al the methods are fully defined and implemented is called a concrete class

Inheritance serves a dua purpose: it alows us to reuse the base class's code and
avoid duplication of code; it also supplies a common generic data type of the base
class to objects of different classes derived from that base class. Objects of different
but related types can be mixed together in the same array or list or another collection.
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Polymorphism ensures that the correct methods are called for an object of a specific
type, even when that object is disguised as a more generic type.

A proper class hides the details of its implementation by making dl its fields and
some methods private. This concept is known as encapsulation. An encapsulated
classis accessible to other classes, its clients, through a well-defined and documented
interface consisting of public constructors and public methods. An encapsulated
class may provide public accessor methods that return the values of the object’s
fields and public modifier methods that set the values of the fields. Encapsulation
enforces locality: a change in the implementation of the class does not affect the rest
of the program. This makes program maintenance more manageable. Encapsulation
also makes team development easier: to use someone else’s class a programmer
needs to know only its public interface. Encapsulation forces programmers to pay
more attention to the public features of their classes, leading to more abstract,
reusable classes.

An interface in Java is akin to an abstract class: it lists a few methods, giving their
names, return types, and argument lists, but does not give any code. The difference
is that an abstract class may have its congtructors and some of its methods
implemented, while an interface does not give any code for its methods, leaving their
implementation to a class that implements that interface. interface and
i mpl ement s are Java reserved words. A class that implements an interface must
implement al the methods specified by that interface.

The same class can implement multiple interfaces. Each of the implemented
interfaces supplies an additional secondary data type to an object of the class. This
alows the program to treat the same object in different situations as an object of
different data types. For example, an object can be passed to methods that expect an
argument of a particular interface type. An interface can aso serve as a common
data type for mixing objects of different classes in the same polymorphic collection
(array, list, etc.), aslong as adl the classes implement that interface.
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Exercises

(@) Define an abstract class Wl conmeMessage with a method

String get\Wel coneMessage();

that returns a welcome message. Define subclasses

Wel conmeEngl i sh, Wl comeSpani sh, and Wl coneFr ench whose
get &l comeMessage method returns a welcome message in English,
Spanish, and French, respectively. Write atest class that declares an
array of three welcome messages (W&l coneMessage objects),
initializes the elements to three messages in different languages, then
displays al three.

(b) Modify the project, replacing the el comeMessage class with the
Vel conmeMessage interface.

(c) Explain the advantage of using an interface rather than an abstract
classin this project.

Java documentation indicates that the Char act er classimplements the
Conpar abl e interface. Which method(s) are required for thisinterface? v/

If class Bimplements interface | and class D extends B, is “implements|1” in

public class D extends B inplenents |

required, optional, or forbidden? Set up alittle test and see what the
compiler says.
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The class below (Ch01\ Exer ci ses\ Tri angl e. j ava (&) has methods for
calculating the area, the perimeter, and their ratio. The class works for
equilateral triangles and for right isosceles triangles; the type of the triangle
is passed in a string to the constructor:

public class Triangle

{

private String type;
private doubl e side;

public Triangle(String aType, doubl e aSi de)

{
type
si de

}

publ i c doubl e getPerimnmeter()

aType;
asSi de;

if ("equilateral".equal s(type))
return 3 * side;
else if ("right".equal s(type))
return (2 + Math.sqrt(2.0)) * side;
el se
t hrow new Runti neException("lnvalid triangle type");
}

publ i c doubl e getArea()

if ("equilateral".equal s(type))
return Math.sqrt(3) / 4 * side * side;
else if ("right".equal s(type))
return side * side / 2;
el se
t hrow new Runti neException("lnvalid triangle type");

}

public doubl e getRatio()

{
return getArea()/getPerinmeter();

}

public static void main(String[] args)

{
Triangl e equilateral Tr = new Triangl e("equil ateral"”, 12);
Triangle rightTr = new Triangle("right", 12);
Systemout.println("Equil ateral " +

equil ateral Tr.getRatio());
Systemout.println("Right Isosceles " +
rightTr.getRatio());

Continued =
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(@

(0)

(@
(b)

(©

Restructure the above program in the OOP style. MaketheTri angl e
class abstract. Keep thesi de field but diminate thet ype fidd.

Make the get Ar ea and get Per i met er methods abstract. Derive the
concrete classes Equi | at er al Tri angl e and Ri ght Tri angl e from
Tri angl e. Provide an appropriate constructor for each of the two
derived classes and make them call the superclass's constructor.
Redefine the abstract methods appropriately in the derived classes. Put
mai n in aseparate test class and change it appropriately.

The area of atriangle is equal to one haf of its perimeter times the
radius of the inscribed circle. If the length of a side of an equilatera
triangle is the same as the length of the legs in aright isosceles
triangle, which of these triangles can hold a bigger circleinside? v

Modify the Chomp applet to make it played by two human players.

Change the applet further so that it displays different prompts for the
two players (e.g., “Your turn, Player 1" and “Y our turn, Player 2).
Implement this change by deriving HumanPI ayer 1 and

HumanPl ayer 2 from HumanPl ayer and redefining the get Pr onpt
method in them.

Consider an dternative implementation of different prompts for
different human players:. instead of using derived classes, accept the
name of the player as a parameter in HumanPIl ayer ’s constructor;
make get Pr onpt return a standard message concatenated with the
player's name. |sthisimplementation more appropriate or less
appropriate in an OOP program than the one suggested in Part (b)?
Why? v

Turn the Chomp applet into a game for three players: two human players and
one computer player.
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10.*

11.

In the Chomp applet, aConput er Pl ayer object createsa St r at egy for
itself. Restructure the applet asfollows. Renamethe St r at egy classinto
ChonpSt r at egy4by7. Defineanew St rat egy interface with methods
from the former St r at egy class and state that ChonpSt r at egy4by7
implements St r at egy. Rather than creating a St r at egy object in
Conput er Pl ayer , make Boar dGameAppl et passast r at egy object (of
the ChonpsSt r at egy4by7 type) to the Conput er Pl ayer 's congtructor:

publ i ¢ Comput er Pl ayer ( Boar dGaneAppl et appl et,
ChonpGane gane, ChonpBoard board, Strategy s)

Recall that objects are called immutable if they cannot be modified after they
are created. Explain the relationship between encapsulated classes and
classes that define immutable objects. v

Examine the Java documentation and tell which of the following library
classes define immutable objects:

java. |l ang. | nt eger
j ava. awmt . Poi nt

j ava. awm . Col or
java.util . Cal endar

A Java class can be declared f i nal , which means that you cannot derive
classesfromit. For example, | nt eger and Stri ng arefi nal classes.
Why? v

(@ MaketheChomp applet scalable. Eliminate the CELLSI ZE congtant in
the ChonpBoar d class and obtain the cell’ s width and height from the
current dimensions of the panel when necessary.

(b) Add aconstructor to the ChonpBoar d class that sets the row and
column dimensions of the board. Make the applet play on a3 by 6
board. Which properties of the code make this change easy? v



