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The Java™ language provides most of what professional programmers expect to see
in a language, and even in an object-oriented language. Beyond the basics, though,
the Java language provides some useful tools for creating sophisticated programs.
This tutorial will introduce you to some of these more advanced Java language
features commonly seen on typical Java technology development projects.

Section 1. Before you start

About this tutorial

This tutorial introduces you to capabilities of the Java language that are more
sophisticated than those covered in the "Introduction to Java programming" tutorial
(see Resources for a link to this and other material referenced in this tutorial). In
order to get to the most out of this tutorial, you should have completed that
introductory tutorial, or be familiar with the concepts covered in it.

The Java language provides a vast set of tools that can help a programmer
accomplish almost any task. In this tutorial, we'll cover a few of the more advanced
tools that are commonly used on Java development projects, including the following:

* |nheritance and abstraction
* [Interfaces

+ Nested classes
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* Regular expressions
» Collections

* Dates

« 1/0

Prerequisites

The content of this tutorial is geared toward moderately experienced Java
programmers who might not be familiar with some of the more involved features of
the language. It assumes a general knowledge of downloading and installing
software, and a general knowledge of object-oriented programming (OOP) with the
Java language. You might not use the more advanced Java language features we'll
talk about here in every application -- in fact, you probably shouldn't -- but it's wise
for a professional programmer to know about them and be able to use them when
appropriate.

In addition to familiarity with the concepts covered in the "Introduction to Java
programming" tutorial see Resources), you'll need to have the following installed to
run the examples or sample code in this tutorial:

e JDK 1.4.2 or higher (5.0 recommended)
» The Eclipse IDE

All code examples in this tutorial have been tested with JDK 5.0 on the Windows XP
platform, but should work without modification using JDK 1.4.x. You can download
source code for the tutorial from Resources. It's contained in intermediate.jar, which
you can import into your Eclipse workspace.

The sample JAR file does not necessarily contain the code for every example in this
tutorial in its final form. Instead, it contains the core of what we'll cover, minus some
of the iterative modifications that we'll apply to the code as we progress through the
article. Modifying the core to explore the language features we'll cover in this tutorial
is left as an exercise for you.

Section 2. Inheritance and abstraction
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What's inheritance?

Classes in Java code exist in hierarchies. Classes above a given class in a hierarchy
are superclasses of that class. That particular class is a subclass of every class
higher up. A subclass inherits from its superclasses. The class Obj ect is at the top
of every class's hierarchy. In other words, every class is a subclass of (and inherits
from) Qbj ect .

For example, suppose we have an Adul t class that looks like this:

public class Adult {
protected int age = O;
protected String firstnane = "firstnanme";
protected String | astnane = "| ast nane";
protected String gender = "MALE";
protected int progress = 0;

public Adult() { }
public void move() {
System out . printl n("Mved.");

public void tal k() {
System out . printl n("Spoke.");
}

}

Our Adul t class implicitly inherits from Qbj ect . That's assumed for any class, so
you don't have to type ext ends (bj ect in the class definition. But what does it
mean to say that our class inherits from its superclass(es)? It simply means that
Adul t has access to the exposed variables and methods in its superclasses. In this
case, it means that Adul t can see and use the following from any of its
superclasses (we have only one at the moment):

e publ i ¢ methods and variables
* protect ed methods and variables

» Package protected methods and variables (that is, those without an
access specifier), if the superclass is in the same package as Adul t

Constructors are special. They aren't full-fledged OO members, so they aren't
inherited.

If a subclass overrides a method or variable from the superclass -- if the subclass
implements a member with the same name, in other words -- that hides the
superclass's member. To be accurate, overriding a variable hides it, and overriding a
method simply overrides it, but the effect is the same: The overridden member is
essentially hidden. You can still get to the members of the superclass by using the
super keyword:
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super . hi ddenMenber Name

In the case of Adul t, all it inherits at the moment are the methods on Obj ect
(toString(), for example). So, the following code snippet is perfectly acceptable:

Adult anAdult = new Adult();
anAdul t.toString();

ThetoString() method doesn't exist explicitly on Adul t , but Adul t inherits it.

There are "gotchas" here that you should keep in mind. First, it's very easy to give
variables and methods in a subclass the same name as variables and methods in
that class's superclass, then get confused when you can't call an inherited method.
Remember, when you give a method the same name in a subclass as one that
already exists in a superclass, you've hidden it. Second, constructors aren't
inherited, but they are called. There is an implicit call to the superclass constructor in
any subclass constructor you write, and it's the first thing that the subclass
constructor does. You must live with this; there's nothing you can do to change it.
For example, our Adul t constructor actually looks like this at runtime, even though
we didn't type anything in the body:

public Adult() {
} super () ;

That line in the constructor body calls the no-argument constructor on the
superclass. In this case, that's the constructor of Cbj ect .

Defining a class hierarchy

Suppose we have another class called Baby. It looks like this:

public class Baby {
protected int age = O;
protected String firstnane = "firstnane";
protected String | astnane = "I ast nane";
protected String gender = "MALE";
protected int progress = 0;

public Baby() {

public void nove() {
System out. println("Mved.");

}
public void tal k() {
System out. println("Spoke.");
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Our Adul t and Baby classes look very similar. In fact, they're almost identical. That
kind of code duplication makes maintaining code more painful than it needs to be.
We can create a superclass, move all the common elements up to that class, and
remove the code duplication. Our superclass could be called Per son, and it might
look like this:

public class Person {
protected int age = O;
protected String firstname = "firstname";
protected String | astname = "l astnane";
protected String gender = "MALE";
protected int progress = 0;
public Person() {

public void move() {
System out . printl n("Mved.");

}
public void tal k() {
System out . printl n("Spoke.");

Now we can have Adul t and Baby subclass Per son, which makes those two
classes pretty simple at the moment:

public class Adult {
?Ubl ic Adult() {

}
public class Baby {
?ubl ic Baby() {

One we have this hierarchy, we can refer to an instance of each subclass as an
instance of any of its superclasses in the hierarchy. For example:

Adul t anAdul t w Adult();

= ne

Systemout.println("anAdult is an Cbject: " + (Adult instanceof Cbject));

Systemout.println("anAdult is a Person: " + (Adult instanceof Person));

Systemout.println("anAdult is anAdult: " + (Adult instanceof Adult));
ntln is a

System out . pri ("anAdul t Baby: " + (Adult instanceof Baby));

This code will give us three t r ue results and one f al se result. You can also cast
an object to any type higher up in its hierarchy, like so:

Adult anAdult = new Adult();
Person aPerson = (Person) anAdult;
aPer son. move() ;
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This code will compile without problems. We can cast an Adul t to type Per son,
then call a Per son method on it.

Because we have this hierarchy, the code on our subclasses is simpler. But do you
see a problem here? Now all Adul t s and all Babys (excuse the bad plural) will talk
and move in the same way. There's only one implementation of each behavior.
That's not what we want, because grownups don't speak or move like babies. We
could override nove() andt al k() on the subclasses, but then we've got
essentially useless "standard" behavior defined on our superclass. What we really
want is a way to force each of our subclasses to move and talk in its own particular
way. That's what abstract classes are for.

Abstraction

In an OO context, abstraction refers to the act of generalizing data and behavior to a
type higher up the hierarchy than the current class. When you move variables or
methods from a subclass to a superclass, you're abstracting those members.

Those are general terms, and they apply in the Java language. But the language
also adds the concepts of abstract classes and abstract methods. An abstract class
is a class that can't be instantiated. For example, you might create a class called
Ani mal . It makes no sense to instantiate such a class: In practice, you'd only want
to create instances of a concrete class like Dog. But all Ani mal s have some things
in common, such as the ability to make noise. Saying that an Ani mal makes noise
doesn't tell you much. The noise it makes depends on the kind of animal it is. How
do you model that? You define the common stuff on the abstract class, and you
force subclasses to implement concrete behavior specific to their types.

You can have both abstract and concrete classes in your hierarchies.

Using abstraction

Our Per son class contains some method behavior that we don't know we need yet.

Let's remove it and force subclasses to implement that behavior polymorphically. We
can do that by defining the methods on Per son to be abstract. Then our subclasses
will have to implement those methods.

public abstract class Person {

abstract void move() ;
abstract void tal k();

}

public class Adult extends Person {

Intermediate Java programming Trademarks
© Copyright IBM Corporation 2005. All rights reserved. Page 6 of 51


http://www.ibm.com/developerworks/ibm/trademarks/
http://www.ibm.com/legal/copytrade.shtml

ibm.com/developerWorks developerWorks®

public Adult() {

public void nmove() {
System out . println("Wal ked. ") ;

}
public void tal k() {
System out . printl n("Spoke.");

}

public class Baby extends Person {
public Baby() {

public void nove() {
Systemout.println("Craw ed.");

}

public void tal k() {
Systemout.println("CGurgled.");

}

}

What have we done in this listing?

» We changed Per son to make the methods abstract, forcing subclasses
to implement them.

* We made Adul t subclass Per son, and implemented the methods.
« We made Baby subclass Per son, and implemented the methods.

When you declare a method to be abst r act , you require subclasses to implement
the method, or to be abstract themselves and pass along the implementation
responsibility to their subclasses. You can implement some methods on an abstract
class, and force subclasses to implement others. That's up to you. Simply declare
the ones you don't want to implement as abst ract, and don't provide a method
body. If a subclass fails to implement an abstract method from a superclass, the
compiler will complain.

Now that both Adul t and Baby subclass Per son, we can refer to an instance of
either class as being of type Per son.

Refactoring to abstract behavior

We now have Per son, Adul t, and Baby in our hierarchy. Suppose we wanted to
make the two subclasses more realistic by changing their nove() methods, like this:

public class Adult extends Person {

public void move() {
t hi s. progress++;
}
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public class Baby extends Person {

public void move() {
this. progress++;
}

}

Now each class updates its instance variable to reflect some progress being made
whenever we call nove( ) . But notice that the behavior is the same again. It makes
sense to refactor the code to remove this code duplication. The most likely
refactoring is to move nove() to Per son.

Yes, we're adding the method implementation back to the superclass we just took it
out of. This is a simplistic example, so this back-and-forth might seem wasteful. But
what we just experienced is a common occurrence when you write Java code. You
often see classes and methods change as your system grows, and sometimes you
end up with code duplication that you can refactor to superclasses. You might even
do that, decide it was a mistake, and put the behavior back down in the subclasses.
You simply can't know the right place for all behavior at the beginning of the
development process. You learn the right place for behavior as you go.

Let's refactor our classes to put nrove() back on the superclass:

public abstract class Person {

public void move() {
thi s. progress++;

}
public abstract void tal k();
}

public class Adult extends Person {
public Adult() {

public void tal k() {
System out. println("Spoke.");
}

}

public class Baby extends Person {
public Baby() {

}

public void tal k() {
Systemout.println("GQurgled.");
}

}
Now our subclasses implement their different versions of t al k() , but share the
same behavior for move() .

When to abstract ... and when not to
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Deciding when to abstract (or create a hierarchy) is a hotly debated topic in OO
circles, especially among Java language programmers. Certainly there are few right
and wrong answers about how to structure class hierarchies. This is an area where
conscientious and skilled practitioners can (and often do) disagree. That said, there
are some good rules of thumb to follow with regard to hierarchies.

First, don't abstract first. Wait until the code tells you that you should. It is almost
always better to refactor your way to an abstraction than to assume that you need it
at the outset. Don't assume that you need a hierarchy. Many Java programmers
overuse hierarchies.

Second, resist the use of abstract classes when you can. They're not bad; they're
just restrictive. We used an abstract class to force our subclasses to implement
certain behavior. Would an interface (which we'll discuss in Interfaces ) be a better
idea? Quite possibly. Your code will be easier to understand if it isn't made up of
complex hierarchies with a mix of overridden and implemented methods. You might
have a method defined three or four classes up the chain. By the time you use it in a
sub-sub-sub-subclass, you might have to hunt to discover what that method does.
That can make debugging frustrating.

Third, do use a hierarchy and/or abstract classes when it's smart to do so. There are
many coding patterns that make use of the Java language abstract method and
abstract class concepts, such as the Gang of Four Template Method pattern (see
Resources).

Fourth, understand the price you pay when you use a hierarchy prematurely. It really
can lead you down the wrong path quickly, because having the classes there,
named as they are, with the methods they have, makes it very easy to assume all of
that should be as it is. Maybe that hierarchy made sense when you created it, but it
might not make sense anymore. Inertia can make it resistant to change.

In a nutshell, be smart about using hierarchies. Experience will help you be smarter,
but it won't make you all-wise. Remember to refactor.

Section 3. Interfaces

What's an interface?

The Java language includes the concept of an interface, which is simply a named
set of publicly available behaviors and/or constant data elements for which an
implementer of that interface must provide code. It doesn't specify behavior details.
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In essence (and to the Java compiler), an interface defines a new data type, and it's
one of the more powerful features of the language.

Other classes implement the interface, which means that they can use any
constants in that interface by name, and that they must specify behavior for the
method definitions in the interface.

Any class in any hierarchy can implement a particular interface. That means that
otherwise unrelated classes can implement the same interface.

Defining interfaces

Defining an interface is straightforward:

public interface interfaceName {
final constant Type
const ant Nanme = const ant Val ue;

returnVal ueType
net hodNane( argunents );

}

An interface declaration looks very similar to a class declaration, except that you use
the i nt er f ace keyword. You can name the interface anything you want, as long as
the name is valid, but by convention interface names look like class names. You can
include constants, method declarations, or both in an interface.

Constants defined in an interface look like constants defined in classes. The publ i c
and st at i ¢ keywords are assumed for constants defined in an interface, so you
don't have to type them. (f i nal is assumed as well, but most programmers type it
out anyway).

Methods defined in an interface look different (generally speaking) from methods
defined in classes, because methods in an interface have no implementation. They
end with semicolon after the method declaration, and they don't include a body. Any
implementer of the interface is responsible for supplying the body of the method.
The publ i ¢ and abst r act keywords are assumed for methods, so you don't have
to type them.

You can define hierarchies of interfaces just as you can define hierarchies of
classes. You do this with the ext ends keyword, like so:

public interface interfaceNane extends superinterfaceNane, ... {
i nterface body. ..
}
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A class can be a subclass of only one superclass, but an interface can extend as
many other interfaces as you want. Just list them after ext ends, separated by
commas.

Here's an example of an interface:

public interface Human {
final String GENDER MALE = "NALE";
final String GENDER FEMALE = "FEMALE";
voi d nove();
void tal k();

Implementing interfaces

To use an interface, you simply implement it, which means providing behavior for the
methods defined in the interface. You do that with the i npl enent s keyword:

public class classNane extends supercl assNane i npl ement s
i nterfaceNane,
cl ass body

By convention, the ext ends clause (if there is one) comes first, followed by the
I npl ement s clause. You can implement more than one interface by listing the
interface names separated by commas.

For example, we could have our Per son class implement the Human interface
(saying "implements Human" means the same thing) like so:

public abstract class Person inplenents Human {
protected int age = O;
protected String firstnane = "firstnanme";
protected String | astname = "Il ast nane";
protected String gender = Hunman. GENDER_NALE;
protected int progress = 0;
public void nove() {
) this. progress++;

When we implement the interface, we provide behavior for the methods. We have to
implement those methods with signatures that match the ones in the interface, with
the addition of the publ i ¢ access modifier. But we've implemented only nove() on
Per son. Don't we have to implement t al k() ? No, because Per son is an abstract
class, and the abst r act keyword is assumed for methods in an interface. That
means any abstract class implementing the interface can implement what it wants,
and ignore the rest. If it does not implement one or more methods, it passes that
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responsibility on to its subclasses. In our Per son class, we chose to implement
nove() and nott al k() , but we could have chosen to implement neither.

The instance variables in our class aren't defined in the interface. Some helpful
constants are, and we can reference them by name in any class that implements the
interface, as we did when we initialized gender . It's also quite common to see
interfaces that contain only constants. If that's the case, you don't have to implement
the interface to use those constants. Simply import the interface (if the interface and
the implementing class are in the same package, you don't even have to do that)
and reference the constants like this:

i nt erf aceNane. const ant Nane

Using interfaces

An interface defines a new reference data type. That means that you can refer to an
interface anywhere you would refer to a class, such as when you cast, as illustrated
by the following code snippet from a mai n() method you can add to Adul t:

public static void main(String[] args) {

Adult anAdult = new Adult();
anAdul t. tal k() ;

Human aHuman = (Human) anAdul t;
aHuman. tal k() ;

}

Both calls to t al k() will display Spoke. on the console. Why? Because an Adul t
Is @ Human once it implements that interface. You can cast an Adul t as a Human,
then call methods defined by the interface, just as you can cast anAdul t to Per son
and call Per son methods on it.

Baby also implements Human. An Adul t is not a Baby, and a Baby is not an
Adul t , but both can be described as type Human (or as type Per son in our
hierarchy). Consider this code somewhere in our system:

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

Human aHuman = get Human() ;
aHuman. nove() ;

}

Is the Human an Adul t or a Baby? We don't have to care. As long as whatever we
get back from get Per son() is of type Human, we can call nove() on it and expect
it to respond accordingly. We don't even have to care if the classes implementing the
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interface are in the same hierarchy.

Why interfaces?

There are three primary reasons for using interfaces:

» To create convenient or descriptive namespaces.
* To relate classes in different hierarchies.
* To hide underlying type details from your code.

When you create an interface to collect related constants, that interface gives you a
descriptive name to use to refer to those constants. For example, you could have an
interface named Language to store constant string names for languages. Then you
could refer to those language names as Language. ENGLI SHand the like. This can
make your code easier to read.

The Java language supports single inheritance only. In other words, a class can only
be a subclass of a single superclass. That's rather limiting sometimes. With
interfaces, you can relate classes in different hierarchies. That's a powerful feature
of the language. In essence, an interface simply specifies a set of behaviors that all
implementors of the interface must support. It's possible that the only relationship
that will exist between classes implementing the interface is that they share those
behaviors that the interface defines. For example, suppose we had an interface
called Mover :

public interface Mver {
voi d nmove();
}

Now suppose that Per son extended that interface. That means that any class
implementing Per son would also be a Mover . Adul t and Baby would qualify. But
so would Cat , or Vehi cl e. It's reasonable to assume that Mobunt ai n would not.
Any class that implemented Mover would have the nove() behavior. A Mount ai n
instance wouldn't have it.

Last, but not least, using interfaces lets you ignore the details of specific types when
you want to. Recall our example of calling get Per son() . We didn't care what
underlying type we got back; we just wanted it to be something we could call
nove() on.

All of these are good reasons to use interfaces. Using one simply because you can
is not.
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Section 4. Nested classes

What's a nested class?

As its name suggests, a nested class in the Java language is a class declared within
another class. Here's a simple example:

public class Encl osi ngd ass {

publ ic class Nestedd ass {

}
}

Typically, good programmers define nested classes when the nested class only
makes sense within the context of the enclosing class. Some common examples
include the following:

» Event handlers within a Ul class
» Helper classes for Ul components within those components

» Adapter classes to convert the innards of one class to some other form for
users of the class

You can define a nested class as publ i c, pri vat e, or pr ot ect ed. You also can
define a nested class as fi nal (to prevent it from being changed), abst r act
(meaning that it can't be instantiated), or st ati c.

When you create a st at i ¢ class within another class, you're creating what is
appropriately called a nested class. A nested class is defined within another class,
but can exist outside an instance of the enclosing class. If your nested class isn't
stati c, it can exist only within an instance of the enclosing class, and is more
appropriately called an inner class. In other words, all inner classes are nested
classes, but not all nested classes are inner classes. The vast majority of the nested
classes you will encounter in your career will be inner classes, rather than simply
nested ones.

Any nested class has access to all of the members of the enclosing class, even if
they're declared pri vat e.
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Defining nested classes

You define a nested class just as you define a non-nested class, but you do it within
an enclosing class. For a somewhat contrived example, let's define a Vil | et class
inside Adul t . While in real life you could have a Wl | et apart from an Adul t , it
wouldn't be all that useful, and it makes good sense that every Adul t has a Wl | et
(or at least something to hold money, and MoneyCont ai ner sounds a little odd). It
also makes sense that Wl | et wouldn't exist on Per son, because a Baby doesn't
have one, and all subclasses of Per son would inherit it if it existed up there.

Our Wal | et will be quite simple, since it only serves to illustrate the definition of a
nested class:

protected class Wallet {
protected ArrayList bills = new ArraylList();

protected void addBill (int aBill) {
bills.add(new Integer(aBill));
}

protected int getMneyTotal () {
int total = 0;

for (lterator i = bills.iterator(); i.hasNext(); ) {
Integer wappedBill = (Integer) i.next();
int bill = wappedBill.intValue();

total += bill;

return total;

We'll define that class inside Adul t , like this:

public class Adult extends Person {
protected Wallet wallet = new Wallet();
public Adult() {

public void tal k() {
System out . printl n("Spoke.");
{

public void accept Money(int aBi
this.wallet.addBill (aBi

1)
1)

)

}
public int moneyTotal () {
return this.wallet.get MneyTotal ();

}
protected class Wallet {
)

Notice that we added accept Money() to let an Adul t accept more money. (Feel
free to expand the example to force your Adul t to give some up, which is a more
common event in real life.)
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Once we have our nested class and our new accept Money() method, we can use
them like this:

Adult anAdult = new Adult();
anAdul t . accept Money(5) ;
Systemout.println("l have this nmuch noney: " + anAdult.nmoneyTotal ());

Executing this code should report that anAdul t has a money total of 5.

Simplistic event handling

The Java language defines an event handling approach, with associated classes,
that allows you to create and handle your own events. But event handling can be
much simpler than that. All you really need is some logic to generate an "event"
(which really doesn't have to be an event class at all), and some logic to listen for
that event and then respond appropriately. For example, suppose that whenever a
Per son moves, our system generates (or fires) a MoveEvent , which we can
choose to handle or not. This will require several changes to our system. We have
to:

» Create an "application” class to launch our system and illustrate using the
anonymous inner class.

» Create a Mot i onLi st ener that our application can implement, and then
handle the event in the listener.

* AddalList oflisteners to Adul t.
* Add an addMbt i onLi st ener () method to Adul t to register a listener.

* AddafireMyveEvent () method to Adul t so that it can tell listeners
when to handle the event.

* Add code to our application to create an Adul t and register itself as a
handler.

This is all straightforward. Here's our Adul t with the new stuff:

public class Adult extends Person {
protected Wallet wallet = new Vallet();
protected ArrayList |isteners = new ArrayList();
public Adult() {

public void nmove() {
super. nmove(); fireMveEvent();

b'ubl i c void addMoti onLi st ener (Moti onLi st ener aLi stener) {
|i steners. add(aLi st ener);
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}
protected void fireMveEvent () {
Iterator iterator = listeners.iterator();
whil e(iterator. hasNext()) {
Mot i onLi stener |istener = (MotionListener) iterator.next();
|'i st ener. handl eMove(this);

}

protected class Wallet {

}

Notice that we now override nove( ), call move() on Per son first, then call
fireMoveEvent () to tell listeners to respond. We also added

addMot i onLi st ener () to add a Mot i onLi st ener to a running list of listeners.
Here's what a Mot i onLi st ener looks like:

public interface MtionListener {
public void handl eMove( Adul t event Sour ce) ;
}

All that's left is to create our application class:

public class ConmunityApplication inplenents MtionlListener {
public void handl eMove(Adul t event Source) {
Systemout.println("This Adult noved: \n

+ event Source.toString());

public static void main(String[] args) {
Communi t yAppl i cati on application = new Communi t yAppl i cation();
Adult anAdult = new Adult();
anAdul t . addMbt i onLi st ener (appl i cati on);
anAdul t . move() ;

This class implements the Mot i onLi st ener interface, which means that it
implements handl eMove() . All we do here is print a message to illustrate what
happens when an event is fired.

Anonymous inner classes

Anonymous inner classes allow you to define a class in place, without naming it, to
provide some context-specific behavior. It's a common approach for event handlers
in user interfaces, which is a topic beyond the scope of this tutorial. But we can use
an anonymous inner class even in our simplistic event-handling example.

You can convert the example from the previous page to use an anonymous inner
class by changing the call to addMbot i onLi st ener () in
Comuni t yAppl i cati on. mai n() like so:
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anAdul t . addMbt i onLi st ener (new Mt i onLi stener () {
public void handl eMove( Adult event Source) {
Systemout.println("This Adult noved: \n" + eventSource.toString());

}
1)

Rather than having Communi t yAppl i cat i on implement Mot i onLi st ener, we
declared an unnamed (and thus anonymous) inner class of type Mot i onLi st ener,
and gave it an implementation of handl eMove() . The fact that Mot i onLi st ener
Is an interface, not a class, doesn't matter. Either is acceptable.

This code produces exactly the same result as the previous version, but it uses a
more common and expected approach. You will almost always see event handlers
implemented with anonymous inner classes.

Using nested classes

Nested classes can be very useful. They also can cause pain.

Use a nested class when it would make little sense to define the class outside of an
enclosing class. In our example, we could have defined Wl | et outside Adul t
without feeling too badly about it. But imagine something like a Per sonal i t y class.
Do you ever have one outside a Per son instance? No, so it makes perfect sense to
define it as a nested class. A good rule of thumb is that you should define a class as
non-nested until it's obvious that it should be nested, then refactor to nest it.

Anonymous inner classes are the standard approach for event handlers, so use
them for that purpose. In other cases, be very careful with them. Unless anonymous
inner classes are small, focused, and familiar, they obfuscate code. They can also
make debugging more difficult, although the Eclipse IDE helps minimize that pain.
Generally, try not to use anonymous inner classes for anything but event handlers.

Section 5. Regular expressions

What is a regular expression?

A regular expression is essentially a pattern to describe a set of strings that share
that pattern. For example, here's a set of strings that have some things in common:
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e astring
* alonger string
* a much longer string

Each of these strings begins with "a" and ends with "string." The Java Regular
Expression API helps you figure that out, and do interesting things with the results.

The Java language Regular Expression (or regex) APl is quite similar to the regex
facilities available in the Perl language. If you're a Perl programmer, you should feel
right at home, at least with the Java language regex pattern syntax. If you're not
used to regex, however, it can certainly look a bit weird. Don't worry: it's not as
complicated as it seems.

The regex API

The Java language's regex capability has three core classes that you'll use almost
all the time:

e Pat t er n, which describes a string pattern.
* Mat cher, which tests a string to see if it matches the pattern.

* PatternSynt axExcepti on, which tells you that something wasn't
acceptable about the pattern you tried to define.

The best way to learn about regex is by example, so in this section we'll create a
simple one in Communi t yAppl i cati on. mai n() . Before we do, however, it's
important to understand some regex pattern syntax. We'll discuss that in more detail
in the next panel.

Pattern syntax

A regex pattern describes the structure of the string that the expression will try to
find in an input string. This is where regular expressions can look a bit strange. Once
you understand the syntax, though, it becomes less difficult to decipher.

Here are some of the most common pattern constructs you can use in pattern

strings:
Construct What qualifies as a match
Any character
? Zero (0) or one (1) of what came before.
Intermediate Java programming Trademarks

© Copyright IBM Corporation 2005. All rights reserved. Page 19 of 51


http://www.ibm.com/developerworks/ibm/trademarks/
http://www.ibm.com/legal/copytrade.shtml

developerWorks® ibm.com/developerWorks

* Zero (0) or more of what came before.

+ One (1) or more of what came before.

[ A range of characters or digits.

n Negation of whatever follows (that is, "not
<whatever>").

\d Any digit (alternatively, [0-9]).

\'D Any non-digit (alternatively, [*0-9]).

\'s Any whitespace character (alternatively, [
\n\t\Avr]).

\'S Any non-whitespace character (alternatively, [*
\n\t\A\r]).

\'w Any word character (alternatively, [a-zA-Z_0-9]).

\W Any non-word character (alternatively, [M\w]).

The first few constructs here are called quantifiers, because they quantify what
comes before them. Constructs like \ d are predefined character classes. Any
character that doesn't have special meaning in a pattern is a literal, and matches
itself.

Matching

Armed with our new understanding of patterns, here's a simple example of code that
uses the classes in the Java Regular Expression API:

Pattern pattern

Pattern. conpile("a.*string");
Mat cher mat cher

pattern. matcher("a string");

bool ean di dMatch = mat cher. mat ches();
System out . printl n(di dMatch);

int patternStartlndex = matcher.start();
Systemout. println(patternStartlndex);

i nt patternEndl ndex = nmatcher.end();
System out. printl n(patternEndl ndex) ;

First, we create a Pat t er n. We do that by calling conpi | e(), a static method on
Pat t er n, with a string literal representing the pattern we want to match. That literal
uses regex pattern syntax, which we can understand now. In this example, the
English translation of the pattern is: "Find a string of the form 'a’, followed by zero or
more characters, following by 'string™.

Next, we call mat cher () on our Pat t er n. That call creates a Mat cher instance.
When that happens, the Mat cher searches the string we passed in for matches
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against the pattern string we created the Pat t er n with. As you know, every Java
language string is an indexed collection of characters, starting with 0 and ending
with the string length minus one. The Mat cher parses the string, starting at 0, and
looks for matches against the pattern.

After that process completes, the Mat cher contains lots of information about
matches found (or not found) in our input string. We can access that information by
calling various methods on our Mat cher :

* mat ches() simply tells us if the entire input sequence was an exact
match for the pattern.

» start () tells us the index value in the string where the matched string
starts.

« end() tells us the index value in the string where the matched string
ends, plus one.

In our simple example, there is a single match starting at 0 and ending at 7. Thus,
the call to mat ches() returnstrue, the calltostart () returns 0, and the call to
end() returns 8. If there were more in our string than the characters in the pattern
we searched for, we could use | ooki ngAt () instead of mat ches() .

| ooki ngAt () searches for substring matches for our pattern. For example,
consider the following string:

Here is a string with nore than just the pattern.

We could search it for a. *st ri ng and get a match if we used | ooki ngAt (). If we
used mat ches() instead, it would return f al se, because there's more to the string
than just what's in the pattern.

Complex patterns

Simple searches are easy with the regex classes, but much greater sophistication is
possible.

You might be familiar with a wiki, a Web-based system that lets users modify pages
to "grow" a site. Wikis, whether written in the Java language or not, are based
almost entirely on regular expressions. Their content is based on string input from
users, which is parsed and formatted by regular expressions. One of the most
prominent features of wikis is that any user can create a link to another topic in the
wiki by entering a wiki word, which is typically a series of concatenated words, each
of which begins with an uppercase letter, like this:
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MyW ki Wr d

Assume the following string:

Here is a WkiWrd foll owed by AnotherWki Wrd, then Yet Anot her W ki Wor d.

You can search for wiki words in this string with a regex pattern like this:

[A-Z][a-z]*([A-Z][a-z] ") +

Here's some code to search for wiki words:

String input = "Here is a WkiWrd fol |l owed by Another Wki Wrd, then SomeW ki Wrd."
Pattern pattern = Pattern.conpile("[A-Z][a-z]*([A-Z][a-z]*)+");
Mat cher matcher = pattern. matcher (i nput);

while (matcher.find()) {
System out . println("Found this w ki word:

+ mat cher. group());

You should see the three wiki words in your console.

Replacing

Searching for matches is useful, but we also can manipulate the string once we find
a match. We can do that by replacing matches with something else, just as you
might search for some text in a word processing program and replace it with
something else. There are some methods on Mat cher to help us:

» repl aceAl |l (), which replaces all matches with a string we specify.
* repl aceFirst (), which replaces only the first match with a string we
specify.
Using these methods is straightforward:

String input = "Here is a WkiWrd fol |l oned by Anot her Wki Wrd, then SonmeW ki Wrd. ";
Pattern pattern = Pattern.conpile("[A-Z][a-z]*([A-Z][a-z]*)+");

Mat cher matcher = pattern. matcher (i nput);

Systemout.println("Before: " + input);

String result = matcher.replaceAll ("replacenent");
Systemout.println("After: " + result);
This code finds wiki words, as before. When the Mat cher finds a match, it replaces
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the wiki word text with r epl acenent . When you run this code, you should see the
following on the console:

Before: Here is WkiWrd foll owed by Another Wki Word, then SonmeW ki Wr d.
After: Here is replacenent followed by replacement, then replacenment.

If we had used r epl aceFi r st (), we would've seen this:

Before: Here is a WkiWrd foll owed by Anot her Wki Wrd, then SonmeW ki Wor d.
After: Here is a replacenent followed by Anot her WkiWrd, then SoneW ki Wor d.

Groups

We also can get a little fancier. When you search for matches against a regex
pattern, you can get information about what you found. We already saw some of that
with the st art () and end() methods on Mat cher . But we also can reference
matches via capturing groups. In each pattern, you typically create groups by
enclosing parts of the pattern in parentheses. Groups are numbered from left to
right, starting with 1 (group O represents the entire match). Here is some code that
replaces each wiki word with a string that "wraps" the word:

String input = "Here is a WkiWrd fol |l owed by Anot her Wki Wird, then SoneW ki Word. ";
Pattern pattern = Pattern.conpile("[A-Z][a-z]*([A-Z][a-z]*)+");

Mat cher mat cher = pattern. matcher (i nput);

Systemout.println("Before: " + input);

String result = matcher.repl aceAll ("bl ah$0bl ah");
Systemout.println("After: " + result);

Running this code should produce this result:

Before: Here is a WkiWrd fol |l owed by Anot her Wki Wrd, then SomeW ki Wor d.
After: Here is a bl ahWki Wrdbl ah foll owed by bl ahAnot her W ki Wor dbl ah,
then bl ahSomeW ki Wor dbl ah.

In this code, we referenced the entire match by including $0 in the replacement
string. Any portion of a replacement string that takes the form $<some i nt > refers
to the group identified by the integer (so $1 refers to group 1, and so on). In other
words, $0 is equivalent to this:

mat cher . gr oup(0) ;

We could've accomplished the same replacement goal by using some other
methods, rather than calling r epl aceAl | () :
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StringBuffer buffer = new StringBuffer();
while (matcher.find()) {
mat cher . appendRepl acenent (buf fer, "bl ah$0bl ah");

mat cher . appendTai | (buffer);
Systemout.println("After: " + buffer.toString());

We get these results again:

Before: Here is a WkiWrd foll owed by Anot her Wki Wrd, then SomeW ki Wor d.
After: Here is a bl ahWki Wrdbl ah foll owed by bl ahAnot her W ki Wor dbl ah,
t hen bl ahSomeW ki Wor dbl ah.

A simple example

Our Per son hierarchy doesn't offer us many opportunities for handling strings, but
we can create a simple example that lets us use some of the regex skills we've
learned.

Letsaddal i sten() method:

public void listen(String conversation) {
Pattern pattern = Pattern.conpile(".*ny name is (.*).");
Mat cher mat cher = pattern. matcher (conversation);

i f (matcher. | ookingAt())

Systemout.printin("Hello, " + matcher.group(1) + "!");
el se

Systemout.printlin("l didn't understand.");

This method lets us address some conver sat i on to an Adul t . If that string is of a
particular form, our Adul t can respond with a nice salutation. If not, it can say that it
doesn't understand.

The |l i st en() method checks the incoming string to see if it matches a certain
pattern: one or more characters, followed by "my name is ", followed by one or more
characters, followed by a period. We use | ooki ngAt () to search a substring of the
input for a match. If we find one, we construct a salutation string by grabbing what
comes after "my name is", which we assume will be the name (that's what group 1
will contain). If we don't find one, we reply that we don't understand. Obviously, our
Adul t isn't much of a conversationalist at the moment.

This is an almost trivial example of the Java language's regex capabilities, but it
illustrates how they can be used.
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Clarifying expressions

Regular expressions can be cryptic. It's easy to get frustrated with code that looks
very much like Sanskrit. Naming things well and building expressions can help.

For example, here's our pattern for a wiki word:

[A-Z][a-z]*([A-Z][a-2] ") +

Now that you understand regex syntax, you should be able to read that without too
much work, but our code would be much easier to understand if we declared a
constant to hold the pattern string. We could name it something like W KI _\WORD.
Our | i st en() method would start like this:

public void listen(String conversation) {
Pattern pattern Pattern. conpi | e(WKI _WORD) ;
Mat cher mat cher pattern. mat cher (conver sati on);

}

Another trick that can help is to define constants for the parts of patterns, then build
up more complex patterns as assemblies of named parts. Generally speaking, the
more complicated the pattern, the more difficult it is to decipher, and the more prone
to error it is. You'll find that there's no real way to debug regular expressions other
than by trial and error. Make life simpler by naming patterns and pattern
components.

Section 6. Collections

Introduction

The Java Collections Framework is large. In the Introduction to Java programming
tutorial, | talked about the ArrayLi st class, but that's only scratching the surface.
There are many classes and interfaces in the framework. We'll cover some more,
although not all of them, here.

Collection interfaces and classes
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The Java Collections Framework is based on concrete implementations of several
interfaces that define types of collections:

» The Li st interface defines a navigable collection of Obj ect elements.
» The Set interface defines a collection with no duplicate elements.
* The Map interface defines a collection of key-value pairs.

We'll talk about several concrete implementations in this tutorial. This isn't an
exhaustive list, but you're likely to see the following frequently on Java language
development projects:

Interface Implementation(s)
List Arrayli st, Vect or
Set HashSet , Tr eeSet
Map HashMap

All of the interfaces in the framework except Map are subinterfaces of the

Col | ect i on interface, which defines the most general structure of a collection.
Each collection consists of elements. As implementors of subinterfaces of

Col | ecti on, all collections share some (intuitive) behavior:

* Methods that describe the size of the collection (such as si ze() and
i sSEnpty())

* Methods that describe the contents of the collection (such as
contai ns() andcontai nsAl |l ())

* Methods that support manipulation of the collection's contents (such as
add(),renove(),andclear())

* Methods that let you convert a collection to an array (such as
toArray())

* A method that lets you get an iterator on the array (i t erat or ())

We'll talk about some of these in this section. Along the way, we'll discuss what an
iterator is, and how to use it.

Note that Maps are special. They aren't really collections at all. However, they
behave very much like collections, so we'll talk about them in this section as well.

List implementations

Older versions of the JDK contained a class called Vect or . It's still there in newer
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versions, but you should use it only when you need a synchronized collection -- that
is, one that is thread-safe. (Threading is beyond the scope of this article; we'll briefly
discuss the concept in Summary.) In other cases, you should use the Ar r ayLi st
class. You can still use Vect or, but it imposes some overhead you often don't need.

An ArraylLi st is what it sounds like: an ordered list of elements. We already saw
how to create one, and how to add elements to it, in the introductory tutorial. When
we created a WAl | et nested class in this tutorial, we incorporated an Ar r ayLi st to
hold an Adul t 's bills:

protected class Wallet {
protected ArraylList bills = new ArrayList();

protected void addBill (int aBill) {
bills.add(new I nteger(aBill));
}

protected int getMneyTotal () {
int total = 0;

for (lterator i = bills.iterator(); i.hasNext(); ) {
I nteger wappedBill = (Integer) i.next();
int bill = wappedBill.intValue();

total += bill;
return total;

}

The get MoneyTot al () method uses an iterator to march through the list of bills
and total their values. An | t er at or is similar to an Enuner at i on in older versions
of the Java language. When you get an iterator on a collection (by calling

I terator()), that iterator lets you traverse the collection using a couple of
important methods, illustrated in the code above:

* hasNext () tells you if there is another element in the collection.
* next () gives you that next element.

As we discussed before, you must cast to the correct type when you extract
elements from a collection using next () .

An | terator gives us some additional capability, however. We can remove
elements from our Ar r ayLi st by calling r enove() (orrenoveAll (), or

cl ear () ), but we also can use the | t er at or to do that. Let's add a simplistic
method to Adul t called spendMoney():

public void spendvbney(int aBill)
this.wallet.renmoveBill (aBi
}

{
DK

This method calls renmoveBi | | () on WAl | et :
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protected void renoveBill (int aBill) {
Iterator iterator = bills.iterator()
while (iterator.hasNext()) {
Integer bill = (Integer) iterator.next();

if (bill.intValue() == aBill)
iterator.renove();

We getanlterator onthebill s ArrayLi st, and traverse the list to find a
match on the bill value passed in (aBi | | ). If we find one, we call r enrove() on the
iterator to remove that bill. Simple, but not as simple as it could be. The following
code does the same job and is much easier to read:

protected void renoveBill (int aBill) {
bills.remve(new I nteger(aBill));
}

You probably won't call r emove() onan | terator very often, but it's nice to have
that tool if you need it.

At the moment, we can remove only a single bill at a time from our Wl | et . It would
be nicer to use the power of a Li st to help us remove multiple bills at once, like
this:

public void spendMoney(List bills)
this.wallet.renmoveBill s(bi
}

{
I1's);

We need to add r enoveBi | | s() to ourwal | et to make this work. Let's try this:

protected void renoveBills(List billsToRenove) {
this.bills.removeAl (bills);
}

This is the most straightforward implementation we can use. We call r emoveAl | ()
on our Li st of bills, passing in a Col | ect i on. That method then removes all the
elements from the list that are contained in the Col | ect i on. Try running this code:

Li st soneBills = new ArraylList();
sonmeBil | s. add(new I nteger(1));
sonmeBil | s. add(new I nteger(2));

Adult anAdult = new Adul t();
anAdul t. accept Money(1);
anAdul t. accept Money(1);
anAdul t. accept Money(2);

Li st bill sToRenove = new ArraylList();
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bi | | sToRenove. add(new | nt eger (1
bi | | sToRenove. add( new | nt eger (2

)
K

~——

anAdul t . spendMoney(soneBil | s);
Systemout. println(anAdult.wallet.bills);

The results aren't what we want. We end up with no bills in our wallet. Why?
Because r enmoveAl | () removes all matches. In other words, any and all matches
in our wallet for something in the Li st we pass to the method are removed. The
bills we passed in contained 1 and 2. Our wallet contains two 1s and a single 2.
When r enoveAl | () looks for matches on the 1 element, it finds two matches and
removes them both. That's not what we want! We need to change our code in
renoveBi | | s() to account for this:

protected void renoveBills(List billsToRenove) {
Iterator iterator = billsToRenove.iterator();
while (iterator.hasNext()) {
) this.bills.renove(iterator.next());

}

This code removes single matches only, rather than all matches. Remember to be
careful with r enoveAl | ().

Set implementations

There are two commonly used Set implementations:

» HashSet , which does not guarantee the order of iteration.
* TreeSet, which does.

The Java language documentation suggests that you'll end up using the first
implementation most of the time. In general, if you need to make sure the elements
in your Set are in a certain order when you traverse it with an iterator, use the
second implementation. Otherwise, the first will do. The ordering of elements in a
Tr eeSet (which, by the way, implements the Sor t edSet interface) is called the
natural ordering; this means that, most of the time, you should be able to order the
elements based on an equal s() comparison.

Suppose that each Adul t has a set of nicknames. We really don't care what order

they're in, but duplicates wouldn't make much sense. We could use a HashSet to
hold them. First, we add an instance variable:

protected Set ni cknanes = new HashSet();

Intermediate Java programming Trademarks
© Copyright IBM Corporation 2005. All rights reserved. Page 29 of 51


http://www.ibm.com/developerworks/ibm/trademarks/
http://www.ibm.com/legal/copytrade.shtml

developerWorks® ibm.com/developerWorks

Then we add a method to add nicknames to the Set :

public void addN cknanme(String aNi cknane) {
ni cknanes. add(aN cknane) ;
}

Now try running this code:

Adult anAdult = new Adult();

anAdul t . addNi ckname( " Bobby") ;

anAdul t. addNi ckname(" Bob") ;

anAdul t . addNi ckname( " Bobby") ;

System out . printl n(anAdul t. ni cknanes);

You'll see only a single occurrence of Bobby in the console.

Map implementations

A Map is a collection of key-value pairs. It cannot contain duplicate keys. Each key
must map to a single value, but that value can be of any type. You can think of a
map as a named Li st . Imagine a Li st where each element has a name you can
use to extract that element directly. The key can be anything of type Qbj ect, as can
the value. Once again, that means you can't store primitives directly in a Map (do
you hate primitives yet?). Instead, you have to use the primitive wrapper classes to
store the values.

Although this is a financially risky strategy, we're going to give each Adul t a set of
admittedly simplistic credit cards. Each will have a name and a balance (initially 0).
First, we add an instance variable:

protected Map creditCards = new HashMap();

Then we add a method to add a credit card to the Map:

public void addCreditCard(String aCardNane) {
credi t Cards. put (aCar dNane, new Doubl e(0));
}

The interface of the Map is different from the interfaces of other collections. You call
put () with a key and a value to add an entry. You call get () with key to extract a
value, which we'll do next in a method that will show us the balance for a card:

publ i ¢ doubl e get Bal anceFor (String cardNanme) {
Doubl e bal ance = (Doubl e) creditCards. get (cardNane);
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return bal ance. doubl eVal ue() ;

All that's left is to add the char ge() method, which allows us to add to our balance:

public void charge(String cardName, doubl e amount) {
Doubl e bal ance = (Doubl €) creditCards. get (cardNane);
doubl e primtiveBal ance = bal ance. doubl eVal ue();
prinitiveBal ance += ampunt;
bal ance = new Doubl e(prinitiveBal ance);

credi t Cards. put (cardNanme, bal ance);

Now try running this code, which should show you 19. 95 in the console:

Adult anAdult = new Adult();
anAdul t. addCredi t Card(" Vi sa");
anAdul t. addCr edi t Card(" Mast er Card") ;

anAdul t. charge("Visa", 19.95);
adAdul t . showBal anceFor (" Vi sa") ;

A typical credit card has a name, an account number, a credit limit, and a balance.
Each entry in a Map can have only a single key and a single value. Our simplistic
credit cards fit, because they had only a name and a current balance. We could get
more sophisticated by creating a class called Cr edi t Car d, with instance variables
for all of the characteristics of a card, then store instances of that class as the values
for entries in our Map.

There are some other interesting aspects of the Map interface to cover before we go
(this is not an exhaustive list):

Method Behavior

cont ai nsKey() Answers whether or not the Map contains the
given key.

cont ai nsVal ue() Answers whether or not the Map contains the
given value.

keySet () Returns a Set of the keys.

val ues() Returns a Set of the values.

entrySet () Returns a Set of key-value pairs, defined as
instances of Map. Entrys.

renove() Lets you remove the value for a given key.

i sEmpty() Answers whether or not the Map is empty (that is,

has no keys).
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Some of these methods, such as i seEnpt y() are simply convenient, but some are
vital. For example, the only way to iterate over the elements in a Map is via one of
the related sets (of keys, of values, or of key-value pairs).

The Collections class

When you're using the Java Collections Framework, you need to be aware of what's
available in the Col | ect i ons class. This class contains a host of static methods

that support collection manipulation. We won't cover them all here, because you can
read the API yourself, but we'll cover two that show up very frequently in Java code:

* copy()
e sort()
The first method lets you copy the contents of one collection to another, like this:

Li st source = new ArrayList();
sour ce. add("one");

sour ce. add("two");

Li st target = new ArraylList();
target.add("three");
target.add("four");

Col | ecti ons. copy(target, source);
System out. println(target);

This code copies sour ce into t ar get . The target has to be the same size as the
source, so you can't copy a Li st into an empty Li st .

The sort () method sorts elements into their natural order. All elements have to
implement the Conpar abl e interface so that they are mutually comparable. Built-in
classes like St ri ng do already. So, for a set of strings, we can sort them in
lexicographically ascending order with this code:

Li st strings = new ArraylList();
strings. add("one");
strings.add("two");
strings.add("three");
strings.add("four");

Col | ections. sort(strings);
Systemout. println(strings);

You'llget[ four, one, three, two] inthe console. But how can you sort
classes you create? We can do this for our Adul t . First, we make the class mutually

comparable:
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public class Adult extends Person inplenents Conparable {

}

Then we override conpar eTo() to compare two Adul t instances. We'll keep the
comparison simplistic for our example, so it's less work:

public int conpareTo(Object other) {
final 1nt LESS THAN = -1;
final int EQUAL = O;
final int GREATER THAN = 1;

Adul't otherAdult = (Adult) other;
if ( this == otherAdult ) return EQUAL;

int conparison = this.firstnanme.conpareTo(otherAdult.firstnane);
if (conparison != EQUAL) return conparison;

conpari son = this.|astname. conpareTo(otherAdult.|astnane);
if (conparison != EQUAL) return conparison;

return EQUAL;

Any number less than 0 means "less than," but -1 is a good value to use. Likewise, 1
Is convenient for "greater than." As you can see, 0 means "equal." Comparing two
objects in this way is obviously a manual process. You have to march through the
instance variables and compare each. In this case, we compared the first name and
last name, and effectively sorted by last name. But you should be able to see why
our example is simplistic. Each Adul t has more than just a first name and a last
name. If we wanted to do a deeper comparison, we would have to compare the

Wal | et s of each Adul t to see if they were equal, which probably means that we
would have to implement conpar eTo() on Wal | et and the rest. Also, to be correct
about this, whenever you override conpar eTo( ) , you need to be sure the
comparison is consistent with equal s() . We don't implement equal s(), so we
didn't worry about being consistent with it, but we could have. In fact, I've seen code
that includes a line like the following, before returning EQUAL.:

assert this.equal s(otherAdult) : "conpareTo inconsistent with equals."”;

The other approach to comparing objects is to extract the algorithm in
conpar eTo() into a object of type Conpar at or, then call Col | ecti ons. sort ()
with the collection to be sorted and the Conpar at or, like this:

public class Adult Conparator inplenents Conparator {

public int conpare(Cbject objectl, Object object2) {
final 1nt LESS THAN = -1;
final int EQUAL = O;
final int GREATER THAN = 1;
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if ((objectl == null) ;anp;anp (object2 == null))
return EQUAL;

if (objectl == null)
return LESS THAN,

if (object2 == null)
return GREATER _THAN,

Adult adultl (Adul t) object1;
Adult adult2 (Adul t) object2;
if (adultl == adult?2)

return EQUAL;

int conparison = adultl.firstname.conpareTo(adult2.firstnane);
if (conparison != EQUAL)
return conparison;

conpari son = adul t1.| astnane. conpareTo(adul t 2.1 ast nan®) ;
if (conparison != EQUAL)
return conpari son;

return EQUAL;

}
public class ComunityApplication {

public static void main(String[] args) ({
Adult adultl = new Adult();
adul t 1. set Fi r st name( " Bob" ) ;
adul t 1. set Last nane("Smith");

Adult adult2 = new Adult();
adul t 2. set Fi rst name(" Al ") ;
adul t 2. set Last nane("Jones");

List adults = new ArrayList();
adul ts. add(adul t1);
adul ts. add(adul t 2);

Col I ections.sort(adults, new Adul t Conparator());
System out . println(adults);

You should see "Al Jones" and "Bob Smith," in that order, in your console window.

There are some good reasons to use the second approach. The technical ones are
beyond the scope of this tutorial. From the perspective of good OOD, however, it
might be a good idea to separate the comparison code into another object, rather
than giving each Adul t the ability to compare itself to another. However, since this
is really what equal s() does, even though the result is boolean, there are good
arguments for either approach.

Using collections

When should you use a particular type of collection? That's a judgment call on your
part, and it's because of calls like this that you hope to be paid very well as a
programmer.
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Despite what many professionals may believe, there are very few hard and fast rules
about which classes to use in any given situation. In my personal experience, in the
vast majority of the times I've used collections, an Arr ayLi st or a HashMap
(remember, a Map isn't a true collection) did the trick. That will probably be the same
in your experience. Here are some rules of thumb, some more obvious than others:

* When you think you need a collection, start with a Li st , then let the code
tell you if you need another type.

» If you need a unique grouping of things, use a Set .

« If the iteration order is important when traversing a collection, use the
Tree. .. flavors of collections, where available.

e Avoid using Vect or, unless you need its synchronization capability.

» Don't worry about optimization until (and unless) performance becomes
an issue.

Collections are one of the most powerful aspects of the Java language. Don't be
afraid to use them, but watch out for the "gotchas." For example, there is a
convenient way to convert from an Array to an ArraylLi st :

Adult adultl = new Adult();
Adult adult2 = new Adult();
Adult adult3 = new Adult();

Li st i mutabl eList = Arr
i mut abl eLi st. add(new Ad

(
(
(
ays.
ul t

()aSQ,List(new oject[] { adultl, adult2, adult3 });

This code throws an Unsuppor t edQper at i onExcept i on, because the Li st
returned by Arrays. asLi st () is immutable. You cannot add a new element to an
immutable Li st . Keep your eyes open.

Section 7. Dates

Introduction

The Java language gives you lots of tools for handling dates. Some of them are
much more frustrating than the tools available in other languages. That said, with the
tools that the Java language provides, there is almost nothing you can't do to create
dates and format them exactly how you want.
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Creating dates

When the Java language was young, it contained a class called Dat e that was quite
helpful for creating and manipulating dates. Unfortunately, that class did not support
internationalization very well, so Sun added two classes that aimed to help the
situation:

* Cal endar
» Dat eFor nat

We'll talk about Cal endar first, and leave Dat eFor mat for later.

Creating a Dat e is still relatively simple:

Date aDate = new Date(SystemcurrentTimeMIIlis());

Or we could use this code:

Date aDate = new Date();

This will give us a Dat e representing the exact date and time right now, in the
current locale format. Internationalization is beyond the scope of this tutorial, but for
now, simply know that the Dat e you get back is consistent with the geography of
your local machine.

Now that we have an instance, what can we do with it? Very little, directly. We can
compare one Dat e with another to see if the firstis bef ore() orafter () the
second. We also can essentially reset it to a new instant in time by calling

set Ti me() with al ong representing the number of milliseconds since midnight on
January 1, 1970 (which is what System current TimreM I | i s() returns). Beyond
that, we're limited.

Calendars

The Dat e class is now more confusing than useful, because most of its date
processing behavior is deprecated. You used to be able to get and set parts of the
Dat e (such as the year, the month, etc.). Now we're left having to use both Dat e
and Cal endar to get the job done. Once we have a Dat e instance, we can use a
Cal endar to get and set parts of it. For example:

Date aDate = new Date(SystemcurrentTimeMIIlis());
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Cal endar cal endar = Gregori anCal endar. get | nst ance() ;
cal endar. set Ti ne(abDat e) ;

Here we create a G egor i anCal endar and set its time to the Dat e we created
before. We could have accomplished the same goal by calling a different method on
our Cal endar :

Cal endar cal endar = Gregori anCal endar . get | nst ance
calendar.setTinelnMIlis(SystemcurrentTineMIlis

—~

DE
)

Armed with a Cal endar , we can now access and manipulate components of our
Dat e. Getting and setting parts of the Dat e is a simple process. We simply call
appropriate getters and setters on our Cal endar, like this:

cal endar. set (Cal endar. MONTH, Cal endar. JULY);
cal endar . set (Cal endar. DAY_OF_MONTH, 15);

cal endar. set ( Cal endar . YEAR, 1978);

cal endar . set ( Cal endar . HOUR, 2);

cal endar. set (Cal endar. M NUTE, 15);

cal endar . set ( Cal endar. SECOND, 37);

System out . println(cal endar.getTinme());

This will print the formatted output string for July 15, 1978 at 02:15:37 a.m. (there
also are helper methods on Cal endar that allow us to set some or almost all of
those components simultaneously). Here we called set (), which takes two
parameters:

e The field (or component) of the Dat e we want to set.
* The value for that field.

We can reference the fields with named constants in the Cal endar class itself. In
some cases, there is more than one name for the same field, as with

Cal endar . DAY_OF_MONTH, which can also be referenced with Cal endar . DATE.
The values are straightforward, except perhaps the ones for Cal endar . MONTH and
the one for Cal endar . HOUR. Months in Java language dates are zero-based (that
is, January is 0), which really makes it wise to use the named constants to set them,
and can make it frustrating to display dates correctly. The hours run from 0 to 24.

Once we have an established Dat e, we can extract parts of it:

System out . pri
System out . pri
System out . pri ("The DAY is: " + cal endar. get (Cal endar. DATE) ) ;

ntln("The YEAR is: " + cal endar. get(Cal endar. YEAR));

nt | n(

ntln
Systemout.println("The HOUR is: " + cal endar. get(Cal endar. HOUR) ) ;

ntln

ntln

ntln

"The MONTH is: " + cal endar. get (Cal endar. MONTH)) ;

System out . pri ("The M NUTE is: " + cal endar. get (Cal endar. M NUTE)) ;
System out . pri ("The SECOND is: " + cal endar. get (Cal endar. SECOND) ) ;
System out . pri ("The AM PMindicator is: " + cal endar. get(Cal endar. AM PV );
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Built-in date formatting

You used to be able format dates with Dat e. Now you have to use several other
classes:

* Dat eFor mat
e Si npl eDat eFor mat
» Dat eFor mat Synbol s

We won't cover all the complexities of date formatting here. You can explore these
classes on your own. But we will talk about the basics of using these tools.

The Dat eFor mat class lets us create a locale-specific formatter, like this:

Dat eFor nat dat eFor matter = Dat eFor mat . get Dat el nst ance( Dat eFor mat . DEFAULT) ;
Date aDate = new Date();
String formattedDate = dateFormatter. format (today);

This code creates a formatted date string with the default format for this locale. On
my machine, it looks something like this:

Nov 11, 2005

This is the default style, but it's not all that is available to us. We can use any of
several predefined styles. We also can call Dat eFor mat . get Ti mel nst ance() to
format a time, or Dat eFor mat . get Dat eTi nel nst ance() to format both a date
and a time. Here is the output of the various styles, all for the U.S. locale:

Style Date Time Date/Time

DEFAULT Nov 11, 2005 7:44:56 PM Nov 11, 2005 7:44:56
PM

SHORT 11/11/05 7:44 PM 11/11/05 7:44 PM

VEDI UM Nov 11, 2005 7:44:56 PM Nov 11, 2005 7:44:56
PM

LONG November 11, 2005 7:44:56 PM EST November 11, 2005
7:44:56 PM EST

FULL Thursday, November 7:44:56 PM EST Thursday, November

11, 2005 11, 2005 7:44:56 PM
EST
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Customized formatting

These predefined formats are fine in most cases, but you can also use
Si mpl eDat eFor mat to define your own formats. Using Si npl eDat eFor mat is
straightforward:

* Instantiate a Si npl eDat eFor mat with a format pattern string (and a
locale, if you wish).

o Callformat () onitwith aDat e.

The result is a formatted date string. Here's an example:

Date aDate = new Date();

Si npl eDat eFormat formatter = new Si npl eDat eFor mat (" MM dd/ yyyy") ;
String fornmattedDate = formatter. format(today);

System out . printl n(fornmattedDate);

When you run this code, you'll get something like the following (it will reflect the date
that's current when you run the code, of course):

11/ 05/ 2005

The quoted string in the example above follows the pattern syntax rules for date
formatting patterns. Java.sun.com has some excellent summaries of those rules
(see Resources). Here are some helpful rules of thumb:

* You can specify patterns for dates and times.

» Some of the pattern syntax isn't intuitive (for example, mmdefines a
two-digit minute pattern; to get an abbreviated month, you use M\).

* You can include text literals in your patterns by placing them in single
quotes (for example., using "' on' MM dd/ yyyy" above produces on
11/ 05/ 2005).

» The number of characters in a text component of a pattern dictates
whether its abbreviated or long form will be used (" MM' yields 11, but
"MW yields Nov, and " MVMM' yields Novenber ).

» The number of characters in a numeric component of a pattern dictates
the minimum number of digits.

If the standard symbols of Si npl eDat eFor mat still don't meet your custom
formatting needs, you can use Dat eFor mat Synbol s to customize the symbols for
any component of a Dat e or time. For example, we could implement a unique set of
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abbreviations for months of the year, like this (using the same Si npl eDat eFor mat
as before):

Dat eFor mat Synbol s synbol s = new Dat eFor mat Synbol s() ;
String[] oddl\/bnt hAbbr evi ati ons = new Strl ng[] {

"Ja","Fe","M","Ap", "W","JIn", " Jy", "Se","Cc","No", "De" };
synbol s. set shor t Mont hs(oddl\/bnt hAbbr evi at i ons)

formatter = new Si npl eDat eFor mat ("MW dd, yyyy", synbols);
formattedDate = formatter. fornmat(now);
System out . printl n(formattedDate);

This code calls a different constructor on Si npl eDat eFor nat , one that takes a
pattern string and a Dat eFor mat Synbol s that defines the abbreviations used
when a short month appears in a pattern. When we format the date with these
symbols, the result looks something like this for the Dat e we saw above:

No 15, 2005

The customization capabilities of Si npl eDat eFor mat and Dat eFor mat Synbol s
should be enough to create any format you need.

Manipulating dates

You can go forward and backward in time by incrementing and decrementing dates,
or parts of them. Two methods let you do this:

e add()
* roll()

The first lets you add some amount (or subtract by adding a negative amount) of
time to a particular field of a Dat e. Doing that will adjust all other fields of the Dat e
accordingly based on the addition to a particular field. For example, assume we
begin with November 15, 2005 and increment the day field by 20. We could use
code like this:

Cal endar cal endar = Gregori anCal endar. get | nst ance() ;
cal endar . set ( Cal endar . MONTH, ;

cal endar . set (Cal endar. DAY_OF_MONTH, 15);

cal endar . set ( Cal endar . YEAR, 2005);

formatter = new Si rrpl eDat eFor mat ("MW dd, yyyy")

Systemout.println("Before: " + forrratter.forrrat’(cal endar.getTine()));
cal endar . add( Cal endar . DAY_OF_MONTH, 20) ;
Systemout.println("After: " + formatter. format (cal endar. get Tinme()));
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The result looks something like this:

Bef ore: Nov 15, 2005
After: Dec 05, 2005

Rather simple. But what does it mean to roll a Dat e? It means you are incrementing
or decrementing a particular date/time field by a given amount, without affecting
other fields. For example, we could roll our date from November to December like
this:

Cal endar cal endar = G egori anCal endar. get | nst ance() ;
cal endar. set (Cal endar. MONTH, 10);

cal endar . set ( Cal endar. DAY_OF_MONTH, 15);

cal endar. set ( Cal endar. YEAR, 2005);

formatter = new Si npl eDat eFor mat (" MW dd, yyyy");

Systemout.println("Before: " + formatter.format(cal endar.getTine()));
cal endar.rol | (Cal endar. MONTH, true);
Systemout.println("After: " + formatter.format (cal endar.getTime()));

Notice that the month is rolled up (or incremented) by 1. There are two forms of
roll():

e roll(int field, boolean up)
e roll(int field, int anount)

We used the first. To decrement a field using this form, you pass f al se as the
second argument. The second form of the method lets you specify the increment or
decrement amount. If a rolling action would create an invalid date value (for
example, 09/31/2005), these methods adjust the other fields accordingly, based on
valid maximum and minimum values for dates, hours, etc. You can roll forward with
positive values, and backward with negative ones.

It's fine to try to predict what your rolling actions will do, and you can certainly do so,
but more often than not, trial and error is the best method. Sometimes you'll guess

right, but sometimes you'll have to experiment to see what produces the correct
results.

Using Dates

Everybody has a birthday. Let's add one to our Per son class. First, we add an
instance variable to Per son:

protected Date birthdate = new Date();
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Next, we add accessors for the variable:

public Date getBirthdate() {
return birthdate;

}

public void setBirthdate(Date birthday) {
this.birthdate = birthday;

}

Next, we'll remove the age instance variable, because we'll now calculate it. We also
remove the set Age() accessor, because age will now be a derived value. We
replace the body of get Age() with the following code:

public int getAge() {
Cal endar cal endar = G egori anCal endar. get | nst ance();
cal endar . set Ti ms( new Date());
int currentYear = cal endar. get(CaI endar . YEAR) ;

cal endar . set Ti ne(birthdate);
int birthYear = cal endar. get (Cal endar. YEAR);

return current Year - birthYear;

In this method, we now calculate the value of age based on the year of the
Per son's bi rt hdat e and the year of today's date.

Now we can try it out, with this code:

Cal endar cal endar = Gregori anCal endar. get | nst ance() ;
cal endar. set Ti ne(new Date());

cal endar. set (Cal endar. YEAR, 1971);

cal endar. set (Cal endar. MONTH, 2);

cal endar . set ( Cal endar . DAY_OF_MONTH, 23);

Adult anAdult = new Adult();
anAdul t. set Bi rt hdat e( cal endar . getTine());
System out . println(anAdul t);

We set bi rt hdat e on an Adul t to March 23, 1971. If we run this code in January
2005, we should get this output:

An Adult wth:

Age: 33

Nane: firstnane | astname
Gender: MALE

Progress: 0

There are a few other housekeeping details that | leave as an exercise for you:

» Update conpar eTo() on Adul t to reflect the presence of a new
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instance variable.

* Had we implemented it, we would have to update equal s() on Adul t to
reflect the presence of a new instance variable.

* Had we implemented equal s( ), we would have implemented
hashCode() as well, and we would have to update hashCode() to
reflect the presence of a new instance variable.

Section 8. 1/0

Introduction

The data that a Java language program uses has to come from somewhere. More
often than not, it comes from some external data source. There are many different
kinds of data sources, including databases, direct byte transfer over a socket, and
files. The Java language gives you lots of tools with which you can get information
from external sources. These tools are mostly in the j ava. i o package.

Of all the data sources available, files are the most common, and often the most
convenient. Knowing how to use the available Java language APIs to interact with
files is a fundamental programmer skill.

In general, the Java language gives you a wrapper class (Fi | e) for a file in your OS.
To read that file, you have to use streams that parse the incoming bytes into Java
language types. In this section, we will talk about all of the objects you'll typically use
to read files.

Files

The Fi | e class defines a resource on your filesystem. It's a pain in the neck,
especially for testing, but it's the reality Java programmers have to deal with.

Here's how you instantiate a Fi | e:

File aFile = new File("tenp.txt");

This creates a Fi | e with the path t enp. t xt in the current directory. We can create
a Fi | e with any path string we want, as long as it's valid. Note that having this Fi | e
object doesn't mean that the underlying file actually exists on the filesystem in the
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expected location. Our object merely represents an actual file that may or may not
be there. If the underlying file doesn't exist, we won't know there's a problem until we
try to read from or write to it. That's a bit unpleasant, but it makes sense. For
example, we can ask our Fi | e if it exists:

aFil e. exists();

If it doesn't, we can create it:

aFil e. createNewFi | e();

Using other methods on Fi | e, we also can delete files, create directories, determine
whether a file system resource is a directory or a file, etc. The real action occurs,
though, when we write to and read from the file. To do that, we need to understand a
little bit about streams.

Streams

We can access files on the filesystem using streams. At the lowest level, streams
allow a program to receive bytes from a source and/or to send output to a
destination. Some streams handle all kinds of 16-bit characters (types Reader and
W i t er). Others handle only 8-bit bytes (types | nput St r eamand

Qut put St r eam). Within these hierarchies are several flavors of streams (all found
in the j ava. i o package). At the highest level of abstraction, there are character
streams and byte streams.

Byte streams read (I nput St r eamand subclasses) and write (Qut put St r eamand
subclasses) 8-bit bytes. In other words, byte streams could be considered a more
raw type of stream. As a result, it's easy to understand why the Java.sun.com tutorial
on essential Java language classes (see Resources) says that byte streams are
typically used for binary data, such as images. Here's a selected list of byte streams:

Streams Usage

Fi | el nput Stream Read bytes from a file, and write bytes to a file.
Fi | eQut put Stream

Byt eArr ayl nput Stream Read bytes from an in-memory array, and write
Byt eAr r ayQut put St r eam bytes to an in-memory array.

Character streams read (Reader and its subclasses) and write (Wit er and its
subclasses) 16-bit characters. Subclasses either read to or write from data sinks, or
process bytes in transit. Here's a selected list of character streams:
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Streams

Stri ngReader
StringWiter

I nput St r eanReader

| nput St reamW i t er (and subclasses
Fi | eReader

FileWiter)

Buf f er edReader and Buf feredWi ter

developerWorks®

Usage

These streams read and write characters to and
from St ri ngs in memory.

Bridge between byte streams and character
streams. The Reader flavors read bytes from a
byte stream and convert them to characters. The
W it er flavors convert characters to bytes to put
them on byte streams.

Buffer data while reading or writing another
stream, which allows read and write operations to
be more efficient. You wrap another stream in a
buffered stream.

Streams are a large topic, and we can't cover them in their entirety here. Instead,
we'll focus on the recommended streams for reading and writing files. In most cases,
these will be the character streams, but we'll use both character and byte streams to

illustrate the possibilities.

Reading and writing files

There are several ways to read from and write to a Fi | e. Arguably the simplest

approach goes like this:

* Create a Fi | eQut put St r eamon the Fi | e to write to it.

e Create aFi |l el nput St reamon the Fi | e to read from it.

* Callread() toread fromthe Fileandwite() to write to it.

* Close the streams, cleaning up if necessary.

The code might look something like this:

try {

File source = new File("input.txt");
File sink = new File("output.txt");

FilelnputStreamin = new Fil el nput Strean{source);
Fi | eQut put Stream out = new Fi | eQut put St r ean( si nk) ;

int c;

while ((c = in.read()) !'= -1)

out.wite(c);

in.close();
out. close();
} catch (Exception e) {
e. printStackTrace();
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Here we create two Fi | e objects: a Fi | el nput St r eamto read from the source
file, and a Fi | eQut put St r eamto write to the output Fi | e. (Note: This example
was adapted from the Java.sun.com CopyByt es. j ava example; see Resources.)
We then read in each byte of the input and write it to the output. Once done, we
close the streams. It may seem wise to put the callsto cl ose() inafinally
block. However, the Java language compiler will still require that you catch the
various exceptions that occur, which means yet another cat ch inyourfi nal ly. Is
it worth it? Maybe.

So now we have a basic approach for reading and writing. But the wiser choice, and
in some respects the easier choice, is to use some other streams, which we'll
discuss in the next panel.

Buffering streams

There are several ways to read from and write to a Fi | e, but the typical, and most
convenient, approach goes like this:

e CreateaFileWiter ontheFil e.
* WraptheFileWiter inaBufferedWiter.

e Callwrite() onthe Buf feredW it er as often as necessary to write
the contents of the Fi | e, typically ending each line with a line termination
character (that is, \ n).

e Callflush() onthe Buf feredWiter toempty it.
* Close the Buf f eredW i t er, cleaning up if necessary.

The code might look something like this:

try {
FileWiter witer = new FileWiter(aFile);

Buf feredWiter buffered = new BufferedWiter(witer);
buf fered.wite("A line of text.\n");
buf fered. fl ush();

} catch (1 OException el) {

) el. printStackTrace();

Here we create aFi | eWiter onaFil e, thenwe wrapitinaBufferedWiter.
Buffered writing is more efficient than simply writing bytes out one at a time. When
we're done writing each line (which we manually terminate with \ n), we call
flush() onthe BufferedWiter. If we didn't, we wouldn't see any data in the
file, which defeats the purpose of all of this file writing effort.

Once we have data in the file, we can read it with some similarly straightforward
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code:

String line = null;
StringBuffer lines = new StringBuffer();

try {
Fi | eReader reader = new Fil eReader (aFil e);

Buf f er edReader bufferedReader = new BufferedReader (reader);
while ( (line = bufferedReader.readLine()) != null) {

I'i nes. append(line);

l'i nes. append("\n");

}
} catch (1 OException el) {
el.printStackTrace();

}
Systemout.println(lines.toString());

We create a Fi | eReader, then wrap it in a Buf f er edReader . That allows us to
use the convenient r eadLi ne() method. We read each line until there are none
left, appending each line to the end of our St ri ngBuf f er . When reading from a
file, an | OExcept i on could occur, so we surround all of our file-reading logic with a
t ry/cat ch block.

Section 9. Wrap-up

Summary

We've covered a significant portion of the Java language in the "Introduction to Java
programming" tutorial (see Resources) and this tutorial, but the Java language is
huge and a single, monolithic tutorial (or even several smaller ones) can't
encompass it all. Here's a sampling of some areas we did not explore at all:

Topic Brief description

Threads Having a program that does only one thing at a
time can be useful, but most sophisticated Java
language programs have multiple threads of
execution that run simultaneously. For example,
printing or searching tasks might run in the
background. The class Thr ead and related
classes inj ava. | ang can give you powerful
and flexible threading capability in your
programs. developerWorks hosts many good
resources on threading in your Java code, but a
good place to start would be with the
"Introduction to Java threads" and "Concurrency
in JDK 5.0" tutorials and this series of articles by
Brian Goetz.
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Reflection

NIO

Sockets

Swing
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One of the more powerful aspects of the Java
language (and often one of the most
mind-bending) is reflection, or the ability to see
information about your code itself. The package
j ava. |l ang. refl ect includes classes like

O ass and Met hod that let you inspect the
structure of your code. For example, you can find
a method starting with get , then call it by calling
i nvoke() on the Met hod object -- very
powerful. Part 2 of the "Java programming
dynamics" series by Dennis M. Sosnoski talks
about using reflection.

Since JDK 1.4, the Java language has
incorporated some more sophisticated 1/0
capabilities, based on a completely new API
called new /O, or NIO for short. The principal
difference is that traditional Java language I/O is
based on streams (as we've already discussed),
while NIO is based on a concepts called block
I/0O, channels, and buffers. This block 1/0O tends
to be more efficient than sending single bytes
one at a time through a stream. The drawback is
that NIO can be conceptually difficult. "Getting
started with new 1/0O (NIO)" by Greg Travis is an
excellent tutorial on the subject.

Your Java language programs can communicate
with virtually any program on an IP-enabled
device. All you need to do is open a socket
connection to an IP address and port on that
device. The Java language Sockets API
facilitates that. See the "Java sockets 101"
tutorial by Roy Miller and Adam Williams for an
introduction to the API. The "Using JSSE for
secure socket communication” tutorial by Greg
Travis shows you how to make your socket
communication secure.

The Java language includes extensive support
for GUI development, in the form of Swing. The
Swing set of APIs includes classes for widgets
and other elements to create full-featured user
interfaces. There are several important
developerWorks resources related to Swing, but
a good place to start is the introductory article
"The Java 2 user interface" by Matt Chapman.
The Magic with Merlin column by John Zukowski
addresses more recent changes and updates to
Swing. John also hosts the Client-side Java
programming discussion forum, so you can get
assistance with Swing programming there, too.
The "Migrate your Swing application to SWT"
tutorial discusses how to migrate from Swing to
IBM's SWT, a lighter-weight but still powerful
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alternative.

JNI When your Java program needs to communicate
with another program written, for example, in C,
the Java language gives you a way to do that:
The Java Native Interface (JNI). This API lets you
translate Java language method calls into calls to
C functions (for interacting with the OS and
such). The developerWorks "Java programming
with JNI" tutorial discusses the mechanics of NI
with Java, C, and C++ code.

RMI The Java language Remote Method Invocation
(RMI) API allows a Java language program in
one process or on one machine to access
another Java language program running in
another process and/or on another machine. In
other words, RMI supports distributed method
calls between programs running in different Java
VMs. Brad Rubin's "Java distributed objects:
Using RMI and CORBA" tutorial gives a solid
introduction to RMI, and discusses RMI and
CORBA together. You should also check out this
article by Edward Harned to learn why RMI is not
an off-the-shelf application server.

Security The Java language includes sophisticated
security APIs to support authentication and
authorization. How can you be sure that those
who use your program have permission to do?
How can you protect information from prying
eyes? The security APIs can help.
developerWorks offers an abundance of content
related to Java security. Here are just a few: Java
security discussion forum hosted by John Peck, a
veteran Java programmer and security expert;
"Java authorization internals” by Abhijit
Belapurkar; and "Java security, Part 1: Crypto
basics" and "Java security, Part 2: Authentication
and authorization" both by Brad Rubin .
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Resources

Learn

Take Roy Miller's "Introduction to Java programming” for the basics of Java
prgramming. (developerworks, November 2004)

The java.sun.com Web site has links to all things Java programming. You can
find every "official" Java language resource you need there, including the
language specification and APl documentation. You can also can find links to
excellent tutorials on various aspects of the Java language, beyond the
fundamental tutorial.

Go to Sun's Java documentation page, for a link to API documentation for each
of the SDK versions.

Check out John Zukowski's excellent article on regex with the Java language
here. This is just one article in his Magic with Merlin column.

The Sun Java tutorial is an excellent resource. It's a gentle introduction to the
language, but also covers many of the topics addressed in this tutorial. If
nothing else, it's a good resource for examples and for links to other tutorials
that go into more detail about various aspects of the language.

The java.sun.com Web site has some excellent summaries of the date pattern
rules here and more on the CopyByt es. j ava example here.

The developerWorks New to Java technology page is a clearinghouse for
developerWorks resources for beginning Java developers, including links to
tutorials and certification resources.

You'll find articles about every aspect of Java programming in the
developerWorks Java technology zone.

Also see the Java technology zone tutorials page for a complete listing of free
Java-focused tutorials from developerWorks.

Get products and technologies

Download the intermediate.jar that accompanies this tutorial.

You can download Eclipse from the Eclipse Web site. Or, make it easy on
yourself and download Eclipse bundled with the latest IBM Java runtime
(available for Linux and Windows).

Discuss

Participate in developerWorks blogs and get involved in the developerWorks
community.
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