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Preface
My first encounter with the Java programming language was during a one-week Java training
session in 1997. I did not then get a chance to use Java in a project until 1999. I read two Java
books and took a Java 2 Programmer certification examination. I did very well in the test by scoring
ninety five percent. The three questions that I missed on the test made me realize that the books
that I had read did not adequately cover details of all the topics necessary about Java. I made up
my mind to write a book about the Java programming language. So, in 2001, I formulated a plan to
cover most of the topics that a Java developer needs to use the Java programming language
effectively in a project, as well as to get a certification. I initially planned to cover all essential topics
in Java in seven hundred to eight hundred pages.
As I progressed, I realized that a book covering most of the Java topics in detail could not be
written in seven to eight hundred pages. One chapter alone that covered data types, operators, and
statements spanned ninety pages. I was then faced with the question, ―Should I shorten the
content of the book or include all the details that I think a Java developer needs?‖ I opted for
including all the details in the book, rather than shortening its content to keep the number of pages
low. It has never been my intent to make lots of money from this book. I was never in a hurry to
publish the book, because it could have compromise the quality of its contents. In short, I wrote this
book to help the Java community understand and use the Java programming language effectively,
without having to read many books on the same subject. I wrote this book keeping in mind that this
book would be a comprehensive one-stop reference for everyone who wants to learn and grasp the
intricacies of the Java programming language.
One of my high school teachers used to tell us that if one wanted to understand a building, one
must first understand the bricks, steel and mortar, because a building is made up of these smaller
things. The same logic applies to most of the things that we want to understand in our lives. It also
applies to an understanding of the Java programming language. If you want to master the Java
programming language, you must start with understanding its basic building blocks. I have used
this approach throughout this book endeavoring to build each topic by describing the basics first. In
this book, you will rarely find a topic described without first learning its background. Wherever
possible, I have tried to correlate the programming practices with activities in our daily-life. Most of
the books about the Java programming language available in the market, either do not include any
pictures at all, or have only a few. I believe in the adage, ―A picture is worth a thousand words.‖ To
a reader, a picture makes a topic easier to understand and remember. I have included over two
hundred and sixty graphical representations in this book (spanning three volumes) to aid readers in
understanding and visualizing its contents. Developers who have little or no programming
experience have difficulty in putting things together to make it a complete program. Keeping those
developers in mind, I have included over five hundred complete Java programs that are ready to be
compiled and run.
As I finished a chapter, I distributed copies to Java students and developers to get their feedback.
Their feedback included a common observation that the material in this book is simple yet detailed.
That kept me motivated to write the succeeding chapters. One feedback received in the beginning
was about the coverage of setting the classpath in this book. I have seen some Java developers
with quite a bit programming experience struggle with setting the classpath for a Java application.
Most of the developers start programming using a Java editor. Java editors make it easy for the
developers to set the classpath. Most of the time, a developer is unaware of the classpath settings
when he uses a Java editor. In reality, a Java developer has to debug issues that are related to
classpath settings on a machine or an application server. Keeping the principle of describing the
basics of a topic, I devoted a chapter on writing a very basic Java program (the chapter name is
Writing Java Programs) that also describes setting the classpath in detail. I gave this chapter to

many Java students and some Java developers with over five years of experience. All of them
reported, ―Now, I know how to work with the classpath.‖
I spent countless hours doing research for writing this book. My main source of research was the
Java Language Specification, white papers and articles on Java topics, and Java Specification
Requests (JSRs). I also spent quite a bit of time reading the Java source code to learn more about
some of the Java topics. Sometimes, it took a few months researching a topic, before I could write
the first sentence of the topic. Finally, it was always fun to play with Java programs, sometimes for
hours, to add them to the book.
I encountered many hurdles and pauses (some long ones) along the way of writing this book. I
registered for a master degree program after I finished a few chapters. As I was working on my
master program, I could not work on the book for over two years. Sometimes, the extra workload at
work prevented me from doing any work on this book for months. It took me ten years (You read it
right. Ten years is called a decade.) to finish this book. If I had devoted all my time on writing this
book, I could say that it would have taken me about two years to finish it. I also had to keep adding
new material to cover the newer versions of Java. I started writing this book using Java 1.2 and
finished it using Java 1.7. Finally, it turned out to be almost a two thousand page book, which had
to be split in three volumes, because of the restrictions on the number of pages a print-on-demand
book can have. At this point, all I can say is, ―All’s well that ends well.‖
Kishori Sharan

Structure of the Book
This book contains thirty-four chapters and three appendixes spread across three volumes. The
print-on-demand technology puts a restriction on the maximum number of pages in a book. This
made me divide the book into three volumes. To get the most out of this book, a reader is
suggested to read from the first chapter to the last. Each chapter builds upon the previous
chapters. Volumes and chapters inside a volume have been arranged in a way that presents the
most basic material about the Java programming language first. Sections in a chapter are arranged
in an order of increasing complexity, the least complex section being the first. The following is the
list of topics covered in the three volumes.
Volume - 1
Programming Concepts
Data Types
Operators
Statements
Classes & Objects
Object and Objects Classes
AutoBoxing
Exception Handling
Assertions
Strings & Dates
Formatting Objects
Regular Expressions
Arrays
Garbage Collection
Inheritance

Volume - 2
Interfaces
Annotations
Inner Classes
Enum
Reflection
Generics
Threads
Input/Output
Archive Files
Collections
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Volume - 3
Swing
Applets
Network Programming
JDBC API
Remote Method Invocation
Java Native Interface

Audience
This book is designed to be useful for anyone who wants to learn about the Java programming
language. If you are a beginner, with little or no programming background, you need to read from
the first chapter to the last, in order. The book contains topics of various degrees of complexity. As
a beginner, if you find yourself overwhelmed while reading a section in a chapter, you can skip to
the next section or the next chapter and revisit them later, when you gain more experience.
If you are a Java developer with intermediate or advanced level of experience, you can jump to a
chapter or to a section in a chapter directly. If a section uses an unfamiliar topic, you need to visit
that topic before continuing the current one. You may only want to read volumes of this book that
cover the topics of your interest.
If you are reading this book to get a certification in the Java programming language, you need to
read almost all chapters paying attention to all the detailed descriptions and rules. Most of the
certification programs test your fundamental knowledge of the language, not the advanced
knowledge. You need to read only those topics that are part of your certification test. Compiling and
running over five hundred complete Java programs will help you prepare for your certification.
If you are a student who is attending a class in the Java programming language, you need to read
the first six chapters in Volume 1, thoroughly. These chapters cover the basics of the Java
programming languages in detail. You cannot do well in a Java class unless you first master the
basics. After covering the basics, you need to read only those chapters that are covered in your
class syllabus. I am sure, as a Java student, you do not need to read the entire book page-bypage.

How to Use This Book
This book is the beginning, not the end, for you to gain the knowledge of the Java programming
language. If you are reading this book, it means you are heading in the right direction to learn the
Java programming language that will enable you to excel in your academic and professional
career. However, there is always a higher goal for you to achieve and you must constantly work
harder to achieve it. The following quotations from some great thinkers may help you understand
the importance of working hard and constantly looking for knowledge with both your eyes and mind
open.
Be curious always, for knowledge will not acquire you; you must acquire it. - Sudie Back
Knowledge comes by eyes always open and working hard, and there is no knowledge that is
not power. - Jeremy Taylor
The learning and knowledge that we have, is, at the most, but little compared with that of
which we are ignorant. - Plato
True knowledge exists in knowing that you know nothing. And in knowing that you know
nothing, that makes you the smartest of all. - Socrates
Readers are advised to use the API documentation for the Java programming language, as much
as possible, while using this book. The Java API documentation is the place where you will find a
complete list of documentation for everything available in the Java class library. You can download
(or view) the Java API documentation from the official website of Oracle Corporation at
http://www.oracle.com. While you read this book, you need to practice writing Java programs
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yourself. You can also practice by tweaking the programs provided in the book. It does not help
much in your learning process, if you just read this book and do not practice by writing your own
programs. Remember - ―Practice makes a person perfect‖, which is also true in learning how to
program in Java.

Java 7 New Features
Java 7 has added many new language level features. This book covers all Java 7 language level
new features. A complete chapter in Volume - 2 has been devoted to discuss the NIO 2.0 in detail.
The new features in Java 7 have been discussed in the related chapters. The following is the list of
the new features of Java 7 covered in three volumes of this book.
Volume - 1
Binary Numeric Literals
Underscores in Numeric
Literals
Strings in a switch Statement
try-with-resources Statement
Catching Multiple Exception
Types
Re-throwing Exceptions with
Improved Type Checking
The java.util.Objects class

Volume - 2
Generic Type Inference
Heap Pollution
Improved Compiler Warnings and
Errors When Using Non-Reifiable
Formal Parameters with Varargs
Methods
Improved File and Channel
Closing Mechanism using a trywith-resources Statement
New Input/Output 2.0 (NIO 2.0)
Fork/Join Framework
Phaser Synchronization Barrier
TransferQueue Collection

Volume - 3
JLayer Swing Component
Translucent Window
Shaped Window
Asynchronous Socket IO
Multicast DatagramChannel
RowSetFactory
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Chapter 2. Annotations
Annotation was introduced in Java 5. Before we define annotation and discuss its importance in
programming, let us discuss a simple example. Suppose we have an Employee class, which has
one method setVacationHours() that lets you set the vacation hours for an employee. This
method accepts a parameter of double data type. The following snippet of code shows a trivial
implementation for an Employee class. The method in this class displays a message on the
standard output.
public class Employee {
public void setVacationHours(double hours) {
System.out.println("Employee.setVacationHours(): " + hours);
}
}
A Manager class inherits the Employee class. We want to deal with vacation hours for managers
differently. We decide to override the setVacationHours() method in the Manager class. Note
that there is a mistake made in the code for the Manager class, when we attempt to override the
setVacationHours() method. We will correct the mistake shortly. We have used the int data
type as the parameter type for our incorrectly overridden method. The code for the Manager class
is shown below.
public class Manager extends Employee {
// Override setVacationHours() in the Employee class
public void setVacationHours(int hours) {
System.out.println("Manager.setVacationHours():" + hours);
}
}
It is time to set the vacation hours for a manager. The following code is used to accomplish this.
Employee emp = new Manager();
int hours = 200;
emp.setVacationHours(hours);
Output:
Employee.setVacationHours():200.0
The above snippet of code was expected to call the setVacationHours() method of the
Manager class The output does not show the expected result.
What went wrong in our code? The intention of defining the setVacationHours() method in the
Manager class was to override the setVacationHours() method of the Employee class and
not to overload it. We made a mistake. We used the int data type as the parameter type in the
setVacationHours()method, instead of a double type, in the Manager class. We did put
comments indicating our intention to override the method in the Manager class. However,
comments are dumb! Comments do not stop us from making logical mistakes in our programs. You

might have spent, as every programmer does, hours and hours debugging errors resulting from this
kind of logical mistakes. Who can help us in such situations? Annotations might help us in a few
situations like this. Let us rewrite our Manager class using an annotation. You do not need to know
anything about annotations at this point. All we are going to do is add one word to our program.
Here is the modified version of the Manager class.
public class Manager extends Employee {
@Override
public void setVacationHours(int hours) {
System.out.println("Manager.setVacationHours():" + hours);
}
}
All we have added is a @Override annotation to the old Manager class and we have removed the
―dumb‖ comments. Just make sure you have placed the @Override annotation as part of the
setVacationHours() method’s declaration. If you try to compile the Manager class, the
compiler refuses do so with the following compiler error.
Error(6,17): method setVacationHours(int) does not override any method in
its superclass
The use of the @Override annotation did the trick. The @Override annotation is used with a nonstatic method to indicate the programmer’s intention to override the method in the superclass. At
source code level, it serves the purpose of documentation. When the compiler comes across the
@Override annotation, it makes sure that the method really overrides the method in the
superclass. If the method annotated with @Override does not override a method in its superclass,
the compiler generates an error. In our case, the setVacationHours(int hours) method in
the Manager class does not override any method in its superclass Employee. This is the reason
why we got an error. You may realize that using an annotation is as simple as documenting the
source code. However, it has the compiler support. You can use it to instruct the compiler to
enforce some rules. Annotations provide benefits much more than we have seen in this example.
Let us go back to the compiler error that was generated. We can fix the compiler error by doing one
of the following two things.
We can remove the @Override annotation from the setVacationHours(int hours)
method in the Manager class. It will make the method a regular method, which it is, and not a
method that overrides its superclass method.
We can change the method signature from setVacationHours(int hours) to
setVacationHours(double hours) in the Manager class.
Since we wanted to override the setVacationHours() method in the Manager class, we will go
for the second option and modify the Manager class as follows.
public class Manager extends Employee {
@Override
public void setVacationHours(double hours) {
System.out.println("Manager.setVacationHours():" + hours);
}
}
Now, the following code will work as expected.
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Employee emp = new Manager();
int hours = 200;
emp.setVacationHours(hours);
Output:
Manager.setVacationHours():200.0
Note that the @Override annotation in the setVacationHours() method of the Manager class
saves you debugging time. Suppose you change this method signature in the Employee class. If
the changes in the Employee class make this method no longer overridden in the Manager class,
you will get the same error when you compile the Manager class again. Did you start realizing the
power of annotations? With this background in mind, let us start digging deep into annotations.

What is an Annotation?
According to the Merriam Webster dictionary, the meaning of annotation is:
“a note added by way of comment or explanation”.
This is exactly what an annotation is in Java. It lets you associate (or annotate) metadata (or notes)
to the program elements in a Java program. The program elements may be a package, a class, an
interface, a field of a class, a local variable, a method, a parameter of a method, an enum, an
annotation, etc. In other words, you can annotate any declaration in a Java program with an
annotation. An annotation is used as a modifier in a declaration of a program element like any other
modifiers public, private, final, static, etc. Unlike a modifier, an annotation does not
modify the meaning of the program elements. It acts like a decoration or a note for the program
element that it annotates.
An annotation differs from regular documentation in many ways. A regular documentation is only
for humans to read and it is ―dumb‖. It has no intelligence associated with it. If you misspell a word,
or state something in the documentation and do just the opposite in the code, you are on your own.
It is very difficult and impractical to read the elements of documentation programmatically at
runtime. Java lets you generate Javadoc from your documentation and that is where everything
stops for the regular documentation. This does not mean that we do not need to document our
programs. We do need regular documentation. At the same time, we need a way to enforce our
intent using a documentation-like mechanism. Our documentation should be available to the
compiler and to the runtime. An annotation serves this purpose. It is human readable, which serves
as documentation. It is compiler readable, which lets the compiler verify the intention of the
programmer; for example, the compiler makes sure that the programmer has really overridden the
method if it comes across a @Override annotation for a method. Annotations are also available at
runtime, so that a program can read and use it for any purpose it wants. For example, a tool can
read annotations and generate supporting boilerplate code. If you have worked with Enterprise
JavaBeans (EJB), you know the pain of keeping all the interfaces and classes in sync and adding
entries to XML configuration files. EJB 3.0 uses annotations to generate the boilerplate code, which
makes EJB development painless for programmers. Another example of annotation being used in a
framework/tool is JUnit version 4.0. JUnit is a unit test framework for Java programs. It uses
annotations to mark methods that are test cases. Before that, you had to follow a naming
convention for the test case methods. Annotations have a variety of uses, which are
documentation, verification, and enforcement by the compiler, the runtime validation, code
generation by frameworks/tools, etc.

What is an Annotation?
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To make an annotation available to the compiler and to the runtime systems, an annotation has to
follow rules. In fact, an annotation is another type like a class and an interface. As we have to
declare a class type or an interface type, before we can use it, we must also declare an annotation
type, before we can use it to annotate a program element.
An annotation does not change the semantics (or meaning) of the program element that it
annotates. In that sense, an annotation is like a comment, which does not affect the way the
annotated program element works. For example, the @override annotation for the
setVacationHours() method did not change the way this method works. You (or a
tool/framework) can change the behavior of a program based on an annotation. In such cases, you
make use of the annotation rather than the annotation doing anything on its own. The point is that
an annotation by itself is always passive.

Declaring an Annotation Type
Declaring an annotation type is similar to declaring an interface type with some restrictions.
According to Java specification, an annotation type declaration is a special kind of interface type
declaration. You use the interface keyword, which is preceded by the @ sign (at sign), to declare
an annotation type. Here is the general syntax for declaring an annotation type.
<<modifiers>> @ interface <<annotation type name>> {
// Annotation type body goes here
}
The <<modifiers>> that you can use for an annotation declaration are the same as for an
interface declaration. For example, you can declare an annotation type as public or package
level. The @ sign (at sign) and the interface keyword may be separated by whitespaces, or they
can be placed together. By convention, they are placed together as @interface. The interface
keyword is followed by a user defined annotation type name. It should be a valid Java identifier.
The annotation type body is placed within braces ({}).
Suppose we want to annotate our program elements with the version information, so we can
prepare a report about new program elements added in a specific release of our product. To use a
custom annotation type (as opposed to built-in annotation, e.g., @Override) you must declare it
first. We want to include the major and the minor versions of the release in the version information.
Listing 2-1 has the complete code for our first annotation declaration.
Listing 2-1: The declaration of the Version annotation

// Version.java
package com.jdojo.chapter2;
public @interface Version {
int major();
int minor();
}
Compare the declaration of the Version annotation with the declaration of an interface. It differs
from an interface definition only in one aspect in that it uses the @ sign (at sign) before its name.
We have declared two abstract methods in the Version annotation type: major() and minor().
Abstract methods in an annotation type are known as its elements. You can think about it in
another way too. An annotation can declare zero, or more elements and they are declared as
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abstract methods. The abstract method names are the names of the elements of the annotation
type. We have declared two elements – major and minor, for our Version annotation type. The
data types of both elements are int.
You need to compile the annotation type. When Version.java file is compiled, it will produce a
Version.class file. The simple name of our annotation type is Version and its fully qualified name
is com.jdojo.chapter2.Version. When you use the Version annotation type, you must
import it to use its simple name. Otherwise, you will have to use its fully qualified name.
How do we use an annotation type? You might be thinking that we will declare a new class that will
implement the Version annotation type, and we will create an object of that class. You might be
relieved to know that you do not need to take any additional steps to use the Version annotation
type. An annotation type is ready to be used as soon as it is declared and compiled. To create an
instance of an annotation type and use it to annotate a program element you need to use the
following syntax.
@annotationType(name1=value1, name2=value2, names3=values3, ...)
The annotation type is preceded by a @ sign (at sign). The annotation type is followed by a list of
comma-separated name=value pairs enclosed in parentheses. The name in name=value pair is
the name of the element declared in the annotation type and the value is the user supplied value
for that element. The name=value pairs do not have to appear in the same order as they are
declared in the annotation type. Although, by convention name=value pairs are used in the same
order as the declaration of the elements in the annotation type.
Let us use an annotation of the Version type, which has the major element value as 1 and the
minor element value as 0. The following is an instance of our Version annotation type.
@Version(major=1, minor=0)
We can rewrite the above annotation as @Version(minor=0, major=1) without changing its
meaning. You can also use the annotation type’s fully qualified name as:
@com.jdojo.chapter2.Version(major=0, minor=1)
You use as many instances of the Version annotation type in your program as you want. For
example, we have a VersionTest class, which was added to our application since its release 1.0.
We have added some methods and instance variables in release 1.1. We can use our Version
annotation to document additions to the VersionTest class in different releases. We can
annotate our class declaration as:
@Version(major=1, minor=0)
public class VersionTest {
// Code goes here
}
An annotation acts as a modifier for the program element it annotates. You can mix the annotation
for a program element with its other modifiers. You can place annotations in the same line as other
modifiers or in a separate line. It is just a matter of personal choice whether you use a separate line
to place the annotations or you mix them with other modifiers. By convention, annotations for a
program element are placed before all other modifiers. We will follow the convention and place the
annotation in a separate line by itself as shown above. Both of the following declarations are
technically the same.
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// Style – 1
@Version(major=1, minor=0) public class VersionTest {
// Code goes here
}
// Style – 2
public @Version(major=1, minor=0) class VersionTest {
// Code goes here
}
Listing 2-2 shows the sample code for the VersionTest class. We have used @Version
annotation to annotate the class declaration, the class field, the constructors, and the methods.
There is nothing extraordinary in the code for the VersionTest class. We have just added
@Version annotation to various elements of this class. The VersionTest class would work the
same, even if you remove all @Version annotations. It is to be emphasized that using annotations
in your program does not change the behavior of the program at all. The real benefit of annotations
comes from reading it during compilation and runtime.
Listing 2-2: A VersionTest class with annotated elements

// VersionTest.java
package com.jdojo.chapter2;
// Annotation for class VersionTest
@Version(major = 1, minor = 0)
public class VersionTest {
// Annotation for instance variable xyz
@Version(major = 1, minor = 1)
private int xyz = 110;
// Annotation for constructor VersionTest()
@Version(major = 1, minor = 0)
public VersionTest() {
}
// Annotation for constructor VersionTest(int xyz)
@Version(major = 1, minor = 1)
public VersionTest(int xyz) {
this.xyz = xyz;
}
// Annotation for the printData() method
@Version(major = 1, minor = 0)
public void printData() {
// ...
}
// Annotation for the setXyz() method
@Version(major = 1, minor = 1)
public void setXyz(int xyz) {
// Annotation for local variable newValue
@Version(major = 1, minor = 2)
int newValue = xyz;
this.xyz = xyz;
}
}
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What do we do next with our Version annotation type? We have declared it as a type. We have
used it in our VersionTest class. Our next step would be to read it at runtime. We will defer this
step. We will cover it in detail in a section described later.

Restrictions on Annotations
An annotation is a special type of interface with the following restrictions.

Restriction #1
An annotation type cannot inherit from another annotation type. That is, you cannot use the
extends clause in an annotation type declaration. The following declaration will not compile,
because we have used the extends clause to declare WrongVersion annotation type.
// Won’t compile
public @interface WrongVersion extends BasicVersion {
int extended();
}
Every annotation type implicitly inherits the java.lang.annotation.Annotation interface,
whose declaration is as follows.
package java.lang.annotation;
public interface Annotation {
boolean equals(Object obj);
int hashCode();
String toString();
Class<? extends Annotation> annotationType();
}
This implies that all of the four methods declared in the Annotation interface are available in all
user-defined annotation types. A word of caution needs to be mentioned here. We declare
elements for an annotation type using abstract method declarations. The methods declared in the
Annotation interface do not declare elements in an annotation type. Our Version annotation
type has only two elements – major and minor, which are declared in the type itself. You cannot
use annotation type Version as @Version(major=1, minor=2, toString=”Hello”). The
Version annotation type does not declare toString as an element. It inherits the toString()
method from the Annotation interface. An annotation type has elements that are declared in its
definition. An annotation does not inherit any elements from the Annotation interface, which is
the implicit ancestor of all annotation types.

Restriction #2
Method declarations in an annotation type cannot specify any parameters. A method in an
annotation type declares an element for the annotation type. An element in an annotation type lets
you associate a data value to an annotation’s instance. A method declaration in an annotation is
not called to perform any kind of processing. Think of an element as an instance variable in a class
having two methods - one setter method, and one getter method, for that instance variable. For an
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annotation, the Java runtime creates a proxy class that implements the annotation type (which is
an interface). Each annotation instance is an object of that proxy class. The method you declare in
your annotation type becomes the getter method for the value of that element you specify in the
annotation. Java runtime will take care of setting the specified value for your annotation element.
Since the goal of declaring a method in an annotation type is to work with a data element, we do
not need to (and are not allowed to) specify any parameters in a method declaration. The following
declaration of an annotation type would not compile, because it declares a concatenate()
method, which accepts two parameters.
// Won’t compile
public @interface WrongVersion {
// Cannot have parameters
String concatenate(int major, int minor);
}

Restriction #3
Method declarations in an annotation type cannot have a throws clause. A method in an
annotation type is defined to represent a data element. Throwing an exception to represent a data
value does not make sense. The following declaration of an annotation type would not compile,
because the major() method has a throws clause.
// Won’t compile
public @interface WrongVersion {
int major() throws Exception; // Cannot have throws clause
int minor(); // OK
}

Restriction #4
A method declared in an annotation has restrictions for its return type. The return type of a method
declared in an annotation type must be one of the following types.
Any primitive types – byte, short, int, long, float, double, boolean, and char.
java.lang.String
java.lang.Class
An enum type
An annotation type
An array of any of the above mentioned type. The return type cannot be a nested array. For
example, you cannot have a return type of String[][] or int[][]. However, it is allowed to
have a return type of String[], int[], etc.
The return type of Class needs a little explanation. Instead of the Class type, you can use a
generic return type that will return a user defined class type. Suppose you have a Test class and
you want to declare the return type of a method in an annotation type, which is of type Test. You
can declare the annotation method as shown below.
public @interface GoodOne {
Class element1();
Class<Test> element2();
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Class<? extends Test> element3() ; // Test or its subclass type
}

Restriction #5
An annotation type cannot declare a method, which would be equivalent to overriding a method in
the Object class or the Annotation interface.

Restriction #6
An annotation type cannot be generic.
An annotation type declaration declares its elements (which are data elements) using method
declarations. The return type of the method represents the data type of the element. The compiler
makes sure that you have supplied values of the correct data type for elements of an annotation.
For example, the data type of the two elements, major and minor, in the Version annotation is
int. The compiler makes sure that we have passed an int value for the major and the minor
elements when using the @Version annotation. For example, none of the following uses of the
@Version annotation would compile, because they do not use a value of the int data type for its
elements.
@Version(major=”1”, minor=”0”);
@Version(major=1.0, minor=”0”);
@Version(major=”1.0”, minor=0);
@Version(major=1.0, minor=0.0);

//
//
//
//

Error.
Error,
Error,
Error,

(String,
(double,
(String,
(double,

String)
String)
double)
double)

Default Value of an Annotation Element
The syntax for an annotation type declaration lets you specify a default value for its elements. You
are not required to specify a value for an annotation element that has a default value specified in its
declaration. The default value for an element can be specified using the following general syntax.
<<modifiers>> @interface <<annotation type name>> {
<<data type>> <<element name>>() default <<default value>>;
}
The default keyword is used to specify the default value. The default value must be of the type
compatible to the data type for that element. For example, if the data type of an element (which is
the return type of the method) is int, its default value must be an integer.
Suppose we have a product that is not frequently released. Therefore, it is less likely that it will
have a minor version other than zero. We can simplify our Version annotation type by specifying
the default value for its minor element as zero. The following code shows that the default value for
the minor element is set to zero.
public @interface Version {
int major();
int minor() default 0;
}

Default Value of an Annotation Element
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Once you set the default value for an element, you do not have to pass its value when you use an
annotation of this type. Java will use the default value for the missing value of the element.
@Version(major=1) // minor is zero, which is its default value
@Version(major=2) // minor is zero, which is its default value
@Version(major=2, minor=1) // minor is 1, which is the specified value
All default values must be compile-time constants. How do you specify the default value for an
array type? You need to use the array initializer syntax to specify the default value for an array type
element. The following snippet of code shows how to specify default values for an array and other
data types.
// Shows how to assign default values to elements of different types
public @interface DefaultTest {
double d() default 12.89;
int num() default 12;
int[] x() default {1, 2};
String s() default "Hello";
String[] s2() default { "abc", "xyz"};
Class c() default Exception.class;
Class[] c2() default {Exception.class, java.io.IOException.class};
}

TIP
If an annotation’s element does not have a default value, the element’s value must be specified
when the annotation type is used. If an element has a default value, passing a value for it is
optional. The default value for an element is not compiled with the annotation. It is read from the
annotation type definition, when a program attempts to read the value of an element at runtime. For
example, when you use @Version(major=2), this annotation instance is compiled as is. It does
not add minor element with its default value as zero. In other words, this annotation is not
modified to @Version(major=2, minor=0) at the time of compilation. However, when you read
the value of the minor element for this annotation at runtime, Java will detect that the value for the
minor element was not specified. It will consult the Version annotation type definition for its
default value and return that value to you. The implication of this mechanism is that if you change
the default value of an element, the changed default value will be read whenever a program
attempts to read it, even if the annotated program was compiled before you changed the default
value.

Annotation Type and its Instances
We use the terms ―annotation type‖ and ―annotation‖ frequently. Annotation type is a type like an
interface. Theoretically, you can use annotation type wherever you can use an interface type.
Practically, we limit its use only to annotate program elements. You can declare a variable of an
annotation type as:
Version v = null; // Here, Version is an annotation type
Like an interface, you can also implement an annotation type in a class. However, you are never
supposed to do that, as it will defeat the purpose of having an annotation type as a new construct.
You should always implement an interface in a class, not an annotation type. Technically, the
following code for the DoNotUseIt class is valid.
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/* This is just for the demonstration purpose.
Do not implement an annotation in a class even if it works
*/
// DoNotUseIt.java
package com.jdojo.chapter2;
import java.lang.annotation.Annotation;
public class DoNotUseIt implements Version {
// Implemented method from the Version annotation type
public int major() {
return 0;
}
// Implemented method from the Version annotation type
public int minor() {
return 0;
}
// Implemented method from the Annotation annotation type
// which is the supertype of the Version annotation type
public Class<? extends Annotation> annotationType() {
return null;
}
}
The Java runtime implements your annotation type to a proxy class. It provides you with an object
of a class that implements your annotation type for each annotation you use in your program. We
must distinguish between an annotation type and instances (or objects) of that annotation type. In
our example, Version is an annotation type. Whenever we use it as @Version(major=2,
minor=4), we are creating an instance of the Version annotation type. An instance of an
annotation type is simply referred to as an ―annotation‖. For example, we say that
@Version(major=2, minor=4) is an annotation or an instance of the Version annotation
type. Each time you use @Version(...) annotation in your code, Java runtime will create a new
object of the class (created as a Proxy class at runtime), which implements the Version
annotation type. An annotation should be easy to use in a program. The syntax, @Version(...),
is a shorthand for creating a class, creating an object of that class, and setting the values for its
elements. We will cover how we get to the object of an annotation type at runtime later in this
chapter.

Using Annotations
In this section, we will go through the details of using annotations of different data types in a
program. The supplied value for elements of an annotation must be a compile-time constant
expression. You cannot use null as the value for any type of element in an annotation.

Primitive Types
The data type of an element in an annotation type could be any of the primitive data types - byte,
short, int, long, float, double, boolean, and char. Our Version annotation type uses two
elements, major and minor, and both are of int data type. We must use a compile-time constant
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expression to specify a value for an element of an annotation. Typically, you would use primitive
type literals as the value of the elements. If the data type of an element is boolean, its value must
be specified either true or false. Of course, you can specify any compile time expression that
evaluates to a boolean value of true or false. The following code snippet declares an
annotation type called PrimitiveAnnTest.
public @interface PrimitiveAnnTest {
byte a();
short b();
int c();
long d();
float e();
double f();
boolean g();
char h();
}
You can use an instance of the PrimitiveAnnTest type as:
@PrimitiveAnnTest(a=1, b=2, c=3, d=4, e=12.34F, f=1.89, g=true, h='Y')
You can use an expression to specify the value for an element of an annotation. The following two
instances of the Version annotation are valid, and have the same values for their elements.
@Version(major=2+1, minor=(int)13.2)
@Version(major=3, minor=13)

String Types
You can use an element of the String type in an annotation type. Listing 2-3 has code for a Name
annotation type. It has two elements, first and last, which are of the String type. You can
use this annotation whenever you need to annotate a program element with a name. It lets you
specify the first and the last names.
Listing 2-3: Name annotation type, which has two elements – first and last, of the String type

package com.jdojo.chapter2;
public @interface Name {
String first();
String last();
}
The following snippet of code shows how to use the Name annotation in a program.
@Name(first=”John”, last=”Jacobs”)
public class NameTest {
@Name(first=”Wally”, last=”Inman”)
public void aMethod() {
//More code goes here...
}
}
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It is valid to use the string concatenation operator (+) in the value expression for an element of a
String type. The following two annotations are equivalent.
@Name(first=”Jo” + “hn”, last=”Ja” + “cobs”)
@Name(first=”John”, last=”Jacobs”)
The following use of the @Name annotation is not valid, because the expression, new
String(“John”), is not a compile-time constant expression.
@Name(first=new String("John"), last="Jacobs")

Class Types
The benefits of using the Class type as an element in an annotation type are not obvious.
Typically, it is used where a tool/framework reads the annotations with elements of a class type
and performs some specialized processing on the element’s value or generates code. We will go
through a simple example of using a class type element. Suppose you are writing a test runner tool
for running test cases for a Java program. Your annotation will be used in writing test cases. If your
test case must throw an exception when it is invoked by the test runner, you need to use an
annotation to indicate that. Let us create a default exception class as shown in Listing 2-4.
Listing 2-4: A DefaultException class that is inherited from the Throwable exception class

// DefaultException.java
package com.jdojo.chapter2;
public class DefaultException extends java.lang.Throwable {
public DefaultException() {
}
public DefaultException(String msg) {
super(msg);
}
}
Listing 2-5: A TestCase annotation type whose instances are used to annotate test case methods

//TestCase.java
package com.jdojo.chapter2;
import
import
import
import

java.lang.annotation.ElementType;
java.lang.annotation.Retention;
java.lang.annotation.RetentionPolicy;
java.lang.annotation.Target;

@Retention(RetentionPolicy.RUNTIME)
@Target(ElementType.METHOD)
public @interface TestCase {
Class<? extends Throwable> willThrow() default DefaultException.class;
}
Listing 2-5 shows the code for our TestCase annotation type. The return type of the willThrow
element is defined as the wild card of the Throwable class, so that the user will specify only the
Throwable class or its subclasses as the element’s value. We could have used the Class type as
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the type of our willThrow element. However, that would have allowed the users of this annotation
type to pass any class type as its value. Note that we have used two annotations, @Retention
and @Target, for the TestCase annotation type. The @Retention annotation type specified that
@TestCase annotation would be available at runtime. It is necessary to use the retention policy of
RUNTIME for our TestCase annotation type, because it is meant for the test runner tool to read it
at runtime. The @Target annotation states that the TestCase annotation can be used only to
annotate methods. We will cover @Retention and @Target annotation types in detail in later
sections when we discuss meta-annotations. The following snippet of code shows the use of our
TestCase annotation type.
package com.jdojo.chapter2;
import java.io.IOException;
public class PolicyTestCases {
// Must throw IOExceptionn
@TestCase(willThrow=IOException.class)
public static void testCase1(){
// ...
}
// We are not expecting any exception
@TestCase()
public static void testCase2(){
// ...
}
}
The testCase1() method specifies, using the @TestCase annotation, that it will throw an
IOException. The test runner tool will make sure that when it invokes this method, the method
does throw an IOException. Otherwise, it will fail the test case. The testCase2() method does
not specify that it will throw an exception. If it throws an exception, when the test is run, the tool
should fail this test case.

Enum Type
An annotation can have elements of an enum type. Suppose you want to declare an annotation
type called Review that can describe the code review status of a program element. Let us assume
that it has a status element and it can have one of the four values – PENDING, FAILED, PASSED,
PASSEDWITHCHANGES. You use the String data type for the status element and pass one of the
four values as a String for the status element. Using the String type will not stop the user from
specifying any value other than these four. Using enum type solves this problem. Note that an
annotation type is an interface type with some restrictions. As you can declare an enum as an
interface’s member, so can you declare an enum as an annotation type’s member. Your code is
more maintainable and readable if you use an enum type element in an annotation and the enum
type itself is defined as a member of the annotation type.
Listing 2-6: An annotation type, which uses an enum type element

// Review.java
package com.jdojo.chapter2;
public @interface Review {
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ReviewStatus status() default ReviewStatus.PENDING;
String comments() default "";
// ReviewStatus enum is a member of the Review annotation type
public enum ReviewStatus {PENDING, FAILED,
PASSED, PASSEDWITHCHANGES};
}
Listing 2-6 shows code for our Review annotation type. It declares a ReviewStatus enum type
and those four statuses are the elements of the enum. It has two elements – status and
comments. The type of status element is ReviewStatus enum type. The default value for
status element is ReviewStatus.PENDING. We have an empty string as the default value for
the comments element. Here are some of the instances of the Review annotation type. You will
need to import com.jdojo.chapter2.Review.ReviewStatus enum in your program to use
the simple name of the ReviewStatus enum type.
// Have default for status and comments. Maybe code is new
@Review()
// Leave status as Pending, but add some comments
@Review(comments="Have scheduled code review on June 3 2009")
// Fail the review with comments
@Review(status=ReviewStatus.FAILED, comments="Need to handle errors")
// Pass the review without changes
@Review(status=ReviewStatus.PASSED)
Here is the sample code that annotates a Test class indicating that it has passed the code review.
import com.jdojo.chapter2.Review.ReviewStatus;
@Review(status=ReviewStatus.PASSED)
public class Test {
// ...
}

Annotation Type
Since an annotation type is a type, it can be used anywhere a type can be used in a Java program.
For example, you can use an annotation type as the return type for a method. You can also use an
annotation type as the type of an element inside another annotation type’s declaration. Suppose
we want to have a new annotation type called Description, which will include the name of the
author, version, and comments for a program element. We can reuse our Name and Version
annotation types as its name and version elements type. Listing 2-7 has code the for
Description annotation type.
Listing 2-7: An annotation type using other annotation types as data type of its elements

// Description.java
package com.jdojo.chapter2;
public @interface Description {
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Name name();
Version version();
String comments() default "";
}
To provide a value for an element of an annotation type, you need to use the syntax that is used to
create an annotation type instance. For example, @Version(major=1, minor=2) creates an
instance of the Version annotation Note the nesting of an annotation inside another annotation in
the following snippet of code.
@Description(name=@Name(first="John", last="Jacobs"),
version=@Version(major=1, minor=2),
comments="Just a test class")
public class Test {
// ...
}

Array Type Annotation Element
An annotation can have elements of an array type. The array type could be of one of the following
types.
A primitive type
java.lang.String type
java.lang.Class, type
An enum type
An annotation type
You need to specify the value for an array element inside braces. Elements of the array are
separated by a comma. Suppose you want to annotate your program elements with a short
description of a list of things that you need to work on. We will create a ToDo annotation type for
this purpose as shown in Listing 2-8,
Listing 2-8: ToDo annotation type with String[] as its sole element

// ToDo.java
package com.jdojo.chapter2;
public @interface ToDo {
String[] items();
}
The following snippet of code shows how to use a @ToDo annotation.
@ToDo(items={"Add readFile method", "Add error handling"})
public class Test {
// ...
}
If you have only one element in the array, it is allowed to omit the braces. The following two
annotation instances of the ToDo annotation type are equivalent.
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@ToDo(items={"Add error handling"})
@ToDo(items="Add error handling")

TIP
If you do not have valid values to pass to an element of an array type, you can use an empty array.
For example, @ToDo(items={}) is a valid annotation where the items element has been
assigned an empty array.

No null Value in an Annotation
You cannot use a null reference as a value for an element in an annotation. Note that it is allowed
to use an empty string for the String type element and empty array for an array type element.
Using the following annotations is invalid.
@ToDo(items=null)
@Name(first=null, last="Jacobs")

No Multiple Annotations of the Same Type
You cannot annotate a program element with more than one instance of the same annotation type.
For example, the following snippet of code would not compile, because it uses the @Name
annotation twice for the Test class. However, it is allowed to annotate a program element with
multiple annotations of different types.
// Won’t compile – Duplicate @Name annotation
@Name(first="John", last="Jacobs")
@Name(first="Wally", last="Inman")
public class WontCompile {
//...
}
// Valid to have multiple annotation of different types
@Name(first="John", last="Jacobs")
@ToDo(items={“Optimize the code”})
@Version(major=2, minor=0)
public class Test {
//...
}
However, such scenarios are not uncommon where you would like to use multiple annotations of
the same type on the same program element. The solution is to create a new annotation type using
an array of the same type as its element. Listing 2-9 has the code for a new annotation type named
Authors. It uses an array of the Name annotation type as the type for its authors element.
Listing 2-9: An Authors annotation type using an array of Name annotation type as its element’s data type

// Authors.java
package com.jdojo.chapter2;
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public @interface Authors {
Name[] authors();
}
We can rewrite the annotation for our Test class, which has two authors as follows. You need to
be careful in positioning the braces and parentheses, when you specify values for an element
whose type is an array of another annotation type.
@Authors(authors={@Name(first="John", last="Jacobs"),
@Name(first="Wally", last="Inman")})
public class Test {
//...
}
Here again, you can omit the braces when you specify only one element in the array for the
authors elements as shown below. This is the shorthand for specifying the value for an array type
element of an annotation.
@Authors(authors=@Name(first="John", last="Jacobs"))
public class Test {
//...
}

Shorthand Annotation Syntax
The shorthand annotation syntax is a little easier to use in a few circumstances. Suppose you have
an annotation type ABC, whose all elements have a default value as shown below.
public @interface ABC {
int e1() default 0;
String e2 default = “”:
}
If you want to annotate a program element with the ABC annotation using default values for all its
elements, you can use the @ABC() syntax. You do not need to specify the values for e1 and e2
elements, because they have default values. You can use shorthand in this situation, which allows
you to omit the parentheses. You can just use @ABC instead of @ABC(). The ABC annotation can
be used in either of the two forms as shown below.
@ABC
public class Test {
//...
}
@ABC()
public class Test {
//...
}
An annotation type with only one element also has a shorthand syntax. You can use this shorthand
as long as you adhere to a naming rule for the sole element you have in your annotation type. The
name of the element must be value. If you name the only element in your annotation type as

18

Chapter 2. Annotations

value, you can omit the name from name=value pair from your annotation. The following snippet
of code declares a Company annotation type, which has only one element named value.
public @interface Company {
String value(); // the element’s name is value
}
You can omit the name from name=value pair, when you use the Company annotation as shown
below. If you want to use the element name with the Company annotation, you can always do so as
@Company(value="ABC Inc.").
// No need to specify name of the element. It is assumed to be value
@Company("ABC Inc.")
public class Test {
//...
}
You can use this shorthand of omitting the name of the element from annotations, even if the
element data type is an array. Let us consider the following annotation type Reviewers.
public @interface Reviewers {
String[] value(); // element name is value
}
Since the Reviewers annotation type has only one element, which is named value, you can omit
the element name when you are using it as shown below.
// No need to specify name of the element
@Reviewers({"John Jacobs", “Wally Inman”})
public class Test {
//...
}
You can also omit the braces, if you specify only one element in the array for the value element of
the Reviewers annotation type as:
@Reviewers("John Jacobs")
public class Test {
//...
}
We had several examples using the name of the element as value. Here is the general rule of
omitting the name of the element in an annotation. If you supply only one value when using an
annotation, the name of the element is assumed value. This means that you are not required to
have only one element in the annotation type, which is named value to omit its name in the
annotations. If you have an annotation type, which has an element named value (with or without a
default value) and all other elements have default values, you can still omit the name of the
element in annotation instances of this type. Here are some examples to illustrate this rule.
public @interface A {
String value();
int id() default 10;
}
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// Same as @A(value=”Hello”, id=10)
@A(“Hello”)
public class Test {
//...
}
// Won’t compile. Must use only one value to omit the element name
@A(“Hello”, id=16)
public class WontCompile {
//...
}
// OK. Must use name=value pair when passing more than one value
@A(value=“Hello”, id=16)
public class Test {
//...
}

Marker Annotation Types
A marker annotation type is an annotation type that does not declare any elements, not even one
with a default value. Typically, a marker annotation is used by the annotation processing tools. The
tools generate boilerplate code based on the marker annotation type.
public @interface Marker{
// No elements declarations
}
@Marker
public class Test{
//...
}

Meta-Annotation Types
Meta-annotations types are annotation types, which are used to annotate other annotation types.
The following annotation types are meta-annotation types.
java.lang.annotation.Target
java.lang.annotation.Retention
java.lang.annotation.Inherited
java.lang.annotation.Documented
Meta-annotation types are part of the Java class library. They are declared in the
java.lang.annotation package. Note that using an annotation in your program is the same as
using any other type (e.g. class, interface, enum, etc.) in your program. You must either use the
fully qualified name of the annotation type or use appropriate import statements to use their simple
names.
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The java.lang.annotation.Target Annotation
The Target annotation is used to annotate an annotation type to specify on what types of program
elements the annotation type can be used. It has only one element named value. Its value
element is an array of java.lang.annotation.ElementType enum type. Table 2-1 lists all
constants in the ElementType enum.
Table 2-1: List of constants in the java.lang.annotation.ElementType enum

Constant Name

Description

ANNOTATION_TYPE

The annotation can be used to annotate another annotation type
declaration. This makes the annotation type a meta-annotation.

CONSTRUCTOR

The annotation can be used to annotate constructors.

FIELD

The annotation can be used to annotate fields and enum constants.

LOCAL_VARIABLE

The annotation can be used to annotate local variables.

METHOD

The annotation can be used to annotate methods.

PACKAGE

The annotation can be used to annotate package declarations.

PARAMETER

The annotation can be used to annotate parameters.

TYPE

The annotation can be used to annotate class, interface (including
annotation type), or enum declarations.

The following code annotates a Version annotation type with the Target meta-annotation, which
specifies that the Version annotation type can be used with program elements of only three types
– any types (class, interface, enum, and annotation types), a constructor, and a method.
// Version.java
package com.jdojo.chapter2;
import java.lang.annotation.Target;
import java.lang.annotation.ElementType;
@Target({ElementType.TYPE, ElementType.CONSTRUCTOR, ElementType.METHOD})
public @interface Version {
int major();
int minor();
}
The Version annotation cannot be used on any program elements other than the three types
specified in its Target annotation. The following use of the Version annotation is incorrect,
because it is being used on an instance variable (a field).
public class WontCompile {
// Version annotation cannot be used on a field
@Version(major = 1, minor = 1)
int xyz = 110;
}
The following uses of the Version annotation are valid.
// OK. Class type declaration
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@Version(major = 1, minor = 0)
public class VersionTest {
// OK. Constructor declaration
@Version(major = 1, minor = 0)
public Test(){
//...
}
// OK. Method declaration
@Version(major = 1, minor = 1)
public void doSomething() {
//...
}
}

TIP
If you do not annotate an annotation type with the Target annotation, the annotation type can be
used to annotate any program element declaration.

The java.lang.annotation.Retention Annotation
You can use annotations for different purposes. You may want to use annotations solely for
documentation purposes, to be processed by the compiler, and/or to use them at runtime. An
annotation can be retained at three levels.
Source code only
Class file only (the default)
Class file and the runtime
The Retention meta-annotation is used to specify how an annotation instance of an annotation
type should be retained by Java. This is also known as the retention policy of an annotation type. If
an annotation type has a ―source code only‖ retention policy, instances of its type are removed
when compiled into a class file. If the retention policy is ―class file only‖, annotation instances are
retained in the class file, but they cannot be read at runtime. If the retention policy is ―class file and
runtime‖ (simply known as runtime), the annotation instances are retained in the class file and are
available for read at runtime.
The Retention meta-annotation type declares one element, which is named value and is of the
java.lang.annotation.RetentionPolicy enum type. The RetentionPolicy enum has
three constants – SOURCE, CLASS, and RUNTIME and they are used to specify the retention policy
of source only, class only, and class-and-runtime respectively. The following code uses the
Retention meta-annotation on the Version annotation type. It specifies that the Version
annotations should be available at runtime. Note that we have used two meta-annotations on the
Version annotation type: Target and Retention.
// Version.java
package com.jdojo.chapter2;
import java.lang.annotation.Target;
import java.lang.annotation.ElementType;
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import java.lang.annotation.Retention;
import java.lang.annotation.RetentionPolicy;
@Target({ElementType.TYPE, ElementType.CONSTRUCTOR,
ElementType.METHOD})
@Retention(RetentionPolicy.RUNTIME)
public @interface Version {
int major();
int minor();
}

TIP
If you do not use Retention meta-annotation on an annotation type, its retention policy defaults to
class file only. This implies that you will not be able to read those annotations at runtime. You will
make this common mistake in the beginning. You would try to read annotations and the runtime will
not return any values. Make sure that your annotation type has been annotated with the
Retention meta-annotation with the retention policy of RetentionPolicy.RUNTIME, before
you attempt to read annotations at runtime. An annotation on a local variable declaration is never
available in the class file or at runtime irrespective of the retention policy of the annotation type.

The java.lang.annotation.Inherited Annotation
The Inherited is a marker meta-annotation type. If an annotation type is annotated with an
Inherited meta-annotation, its instances are inherited by a subclass declaration. It has no effect
if an annotation type is used to annotate any program elements other than a class declaration. Let
us consider two annotation type declarations: Ann2 and Ann3. Note that Ann2 is not annotated
with an Inherited meta-annotation, whereas Ann3 is annotated with an Inherited metaannotation.
public @interface Ann2 {
int id();
}
@Inherited
public @interface Ann3 {
int id();
}
Let us declare two classes – A and B as shown below. Note that class B inherits class A.
@Ann2(id=505)
@Ann3(id=707)
public class A {
// Code for class A goes here
}
// Class B inherits Ann3(id=707) annotation from the class A
public class B extends A {
// Code for class B goes here
}
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In the above snippet of code, class B inherits the @Ann3(id=707) annotation from class A,
because the Ann3 annotation type has been annotated with an Inherited meta-annotation. The
class B does not inherit the @Ann2(id=505) annotation, because the Ann2 annotation type is not
annotated with an Inherited meta-annotation.

The java.lang.annotation.Documented Annotation
The Documented annotation is a marker meta-annotation type. If an annotation type is annotated
with a Documented annotation, the Javadoc tool will generate documentation for all of its
instances. Listing 2-10 has the code for our final version of the Version annotation type, which
has been annotated with a Documented meta-annotation.
Listing 2-10: Our final version of the Version annotation type

// Version.java
package com.jdojo.chapter2;
import
import
import
import
import

java.lang.annotation.Documented;
java.lang.annotation.Target;
java.lang.annotation.ElementType;
java.lang.annotation.Retention;
java.lang.annotation.RetentionPolicy;

@Target({ElementType.TYPE, ElementType.CONSTRUCTOR, ElementType.METHOD})
@Retention(RetentionPolicy.RUNTIME)
@Documented
public @interface Version {
int major();
int minor();
}
Suppose we annotate a Test class with our Version annotation type as follows.
package com.jdojo.chapter2;
@Version(major=1, minor=0)
public class Test {
// Code for Test class goes here
}
When we generate documentation for the Test class using the Javadoc tool, the Version
annotation on the Test class declaration is also generated as part of the documentation. If you
remove the Documented annotation from the Version annotation type declaration, the Test
class documentation would not contain information about its Version annotation.

Commonly Used Standard Annotations
Java API defines many standard annotation types. This section discusses three most commonly
used standard annotations. They are defined in the java.lang package. They are:
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java.lang.Deprecated
java.lang.Override
java.lang.SuppressWarnings

The Deprecated Annotation Type
It is a marker annotation type. Developers are discouraged to use a program element annotated
with a Deprecated annotation, because it is not safe to use the program element anymore or a
better alternative exists. If you use a deprecated program element in a non-deprecated code, the
compiler will generate a warning. Suppose we have a DeprecatedTest class as follows. Note
that we have annotated the class with a @Deprecated annotation. Its getInstance() method
uses the class type as its return type, which will not generate a compiler warning, because it is
inside the deprecated class.
Listing 2-11: An example of deprecating a class named DeprecatedTest

// DeprecatedTest.java
package com.jdojo.chapter2;
@Deprecated
public class DeprecatedTest {
private DeprecatedTest() {
}
public static DeprecatedTest getInstance() {
// Using the deprecated class inside its own body
DeprecatedTest dt = new DeprecatedTest();
return dt;
}
}
Let us attempt to use the DeprecatedTest class inside a new class called Test as shown below.
When you compile the Test class, it will generate a compiler warning stating the fact that the
deprecated DeprecatedTest class should not be used.
package com.jdojo.chapter2;
public class Test {
public static void main(String[] args) {
DeprecatedTest dt; // Generates a compiler warning
}
}
Compiler Output:
Warning(5): [deprecation] com.jdojo.chapter2.DeprecatedTest in
com.jdojo.chapter2 has been deprecated
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The Override Annotation Type
It is a marker annotation type. It can only be used on methods. It indicates that a method annotated
with this annotation overrides a method declared in its supertype. In Java 5, it could be used only in
class methods. In Java 6, it can be used for methods of any type. This is very helpful for
developers to avoid typo that leads to logical errors in the program. If you mean to override a
method from a supertype, it is recommended to annotate the overridden method with a
@Override annotation. The compiler will make sure that the annotated method really overrides a
method in the supertype. If the annotated method does not override a method in the supertype, the
compiler will generate an error.
Consider two classes - A and B. Class B inherits from class A. The m1() method in the class B
overrides the m1() method in its superclass A. The annotation @Override on the m1() method in
the class B just makes a statement about this intention. The compiler verifies this statement and
finds it to be true in this case.
public class A {
public void m1() {
}
}
public class B extends A {
@Override
public void m1() {
}
}
Let us consider class C as declared below.
// Won’t compile because m2() does not override any method
public class C extends A {
@Override
public void m2() {
}
}
The m2() method of the class C has an @Override annotation. However, there is no m2()
method in its superclass A. The m2() method is a new method declaration in the class C. The
compiler finds out that the m2() method in the class C does not override any superclass method,
even though its developer has indicated so. The compiler generates an error in this case.

The SuppressWarnings Annotation Type
The SuppressWarnings is used to suppress named compiler warnings. It declares one element,
which is named value whose data type is an array of String. Let us consider the code for the
SuppressWarningsTest class, which uses the List interface as its raw type instead of its
generic type in the m1() method. The compiler generates unchecked named warning, when you
use a raw collection type.
// SuppressWarningsTest.java
package com.jdojo.chapter2;
import java.util.ArrayList;
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import java.util.List;
public class SuppressWarningsTest {
public void m1() {
List list = new ArrayList();
list.add("Hello"); // The compiler issues an unchecked warning
}
}
Let us compile our SuppressWarningsTest class with an option to generate an unchecked
warning as shown below.
javac -Xlint:unchecked com/jdojo/chapter2/SuppressWarningsTest.java
Compiler Warnings:
com\jdojo\chapter2\SuppressWarningsTest.java:10: warning: [unchecked]
unchecked
call to add(E) as a member of the raw type java.util.List
list.add("Hello"); // Compiler will issue unchecked warning
^
1 warning
As a developer, sometimes you are aware of such compiler warnings and you want to suppress
them, when your code is compiled. You can do so by using a @SuppressWarnings annotation on
your program element by supplying a list of the names of the warnings to be suppressed. For
example, if you use it on a class declaration, all specified warnings will be suppressed from all
methods inside that class declaration. It is recommended that you use this annotation on the inner
most program element on which you want to suppress the warnings. The following snippet of code
uses a SuppressWarnings annotation on the m1() method. It specifies two named warnings:
unchecked and deprecated. The m1() method does not contain code that will generate a
deprecated warning. It was included here to show you that you could suppress multiple named
warnings using a SuppressWarnings annotation. If you recompile the SuppressWarningsTest
class with the same options as shown above, it will not generate any compiler warnings.
// SuppressWarningsTest.java
package com.jdojo.chapter2;
import java.util.ArrayList;
import java.util.List;
public class SuppressWarningsTest {
@SuppressWarnings({"unchecked", "deprecation"})
public void m1() {
List list = new ArrayList();
list.add("Hello"); // Will not issue unchecked warning
}
}
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Annotating a Java Package
Annotating program elements such as classes and fields is intuitive as we annotate them when
they are declared. How do we annotate a package? A package declaration appears as part of a
top-level type declaration. Further, the same package declaration occurs multiple times at different
places. The question arises - how and where do we annotate a package declaration?
You need to create a file, which should be named package-info.java, and place the annotated
package declaration in it. Listing 2-12 shows the content of the package-info.java file. When
you compile the package-info.java file, a class file will be created.
Listing 2-12: Contents of a package-info.java file

// package-info.java
@Version(major=1, minor=0)
package com.jdojo.chapter2;
You may need some import statement to import annotation types or you can use the fully qualified
names of the annotation types in the package-info.java file. Even though the import statement
appears after the package declaration, you should be fine to use the imported types. You can have
contents like the one shown below in a package-info.java file.
// package-info.java
@com.jdojo.myannotations.Author(“John Jacobs”)
@Reviewer(“Wally Inman”)
package com.jdojo.chapter2;
import com.jdojo.myannotations.Reviewer;

Accessing Annotations at Runtime
Accessing annotation on a program element is easy. Annotations on a program element are Java
objects. All you need to know is how to get the reference of objects of an annotation type at
runtime. Program elements, which let you access their annotations, implement the
java.lang.reflect.AnnotatedElement interface. There are four methods in the
AnnotatedElement interface. You will need to use one or more of these to access annotations of
a program element. The following classes implement the AnnotatedElement interface.
java.lang.Class
java.lang.reflect.Constructor
java.lang.reflect.Field
java.lang.reflect.Method
java.lang.Package
Table 2-2 lists the four methods of the AnnotatedElement interface with their short descriptions.
Note that three of the four methods return an object or an array of objects of the Annotation
interface type. Recall that Annotation is an interface and it is the implicit supertype of all
annotation types in Java.
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Table 2-2: List of methods in the java.lang.reflect.AnnotatedElement interface and their descriptions

Method Name

Description

<T extends Annotation> T
It returns a program element’s annotation of
getAnnotation(Class<T> annotationClass) the specified annotationClass type. If the
program element does have an annotation of
the specified annotationClass type, it
returns null.
Annotation[] getAnnotations()

It returns all annotations present on a
program element. If the program element
does not have any annotations, it returns an
array of length zero.

Annotation[] getDeclaredAnnotations()

It returns all annotations that are directly
present on a program element. It ignores
inherited annotations. If a program element
does not have any annotation present on it, it
returns an array of length zero.

boolean isAnnotationPresent(Class<?
extends Annotation> annotationClass)

It returns true if an annotation of the
specified annotationClass is present on a
program element. Otherwise, it returns
false. In the case of marker annotations, all
you need to know is if they are present on a
program element or not. This is the method
that you need to use if you just want to check
if a marker annotation is present on a
program element.

TIP
It is very important to note that an annotation type must be annotated with the Retention metaannotation with retention policy of runtime to access them at runtime. If a program element has
multiple annotations, you would be able to access only annotations, which have runtime as their
retention policy.

Suppose you have a Test class and you want to print all its annotations. The following snippet of
code will print all annotations on the class declaration of the Test class.
// Get the class object reference
Class c = Test.class;
// Get all annotations on the class declaration
Annotation[] ann = c.getAnnotations();
System.out.println("Annotation count: " + ann.length);
// Print all annotations
for(int i = 0; i < ann.length; i++) {
System.out.println(ann[i]);
}
The toString() method of the Annotation interface returns the string representation of an
annotation. Suppose you want to print the Version annotation on the Test class. You can do so
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as follows. The following code shows that you can use the major() and minor() methods. It also
shows that you can declare a variable of an annotation type (e.g. Version v), which can refer to
an instance of that annotation type. The instances of an annotation type are created by the Java
runtime. You never create an instance of an annotation type using the new operator.
Class<Test> c = Test.class;
// Get the instance of the Version annotation of Test class
Version v = c.getAnnotation(Version.class);
if (v == null) {
System.out.println("Version annotation is not present.");
}
else {
int major = v.major();
int minor = v.minor();
System.out.println("Version: major=" + major + ", minor=" + minor);
}
We will use the Version and Deprecated annotation types to annotate our program elements,
and access those annotations at runtime. We will also annotate a package declaration and a
method declaration. We will use the code for the Version annotation type as listed in Listing 2-13.
Note that it uses @Retention(RetentionPolicy.RUNTIME) annotation, which is needed to
read its instances at runtime. Listing 2-14 shows the code that you need to save in a packageinfo.java file and compile it along with other programs. It annotates com.jdojo.chapter2
package. Listing 2-15 has the code for a class for our demonstration purpose that has some
annotations. Listing 2-16 is the program that demonstrates how to access annotations at runtime.
Its output shows that we are able to read all annotations used in the AccessAnnotation class
successfully. The printAnnotations() method accesses the annotations. It accepts a
parameter of the AnnotatedElement type and prints all annotations of its parameter. If the
annotation is of the Version annotation type, it prints the values for its major and minor versions.
Listing 2-13: A Version annotation type

// Version.java
package com.jdojo.chapter2;
import
import
import
import
import

java.lang.annotation.Documented;
java.lang.annotation.Target;
java.lang.annotation.ElementType;
java.lang.annotation.Retention;
java.lang.annotation.RetentionPolicy;

@Target({ElementType.TYPE, ElementType.CONSTRUCTOR, ElementType.METHOD})
@Retention(RetentionPolicy.RUNTIME)
@Documented
public @interface Version {
int major();
int minor();
}
Listing 2-14: Contents of package-info.java file

//package-info.java
@Version(major=1, minor=0)
package com.jdojo.chapter2;
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Listing 2-15: AccessAnnotation class has some annotations, which will be accessed at runtime

// AccessAnnotation.java
package com.jdojo.chapter2;
@Version(major=1, minor=0)
public class AccessAnnotation {
@Version(major=1, minor=1)
public void testMethod1() {
// ...
}
@Version(major=1, minor=2)
@Deprecated
public void testMethod2() {
// ...
}
}
Listing 2-16: Using the AccessAnnotationTest class to access annotations

// AccessAnnotationTest.java
package com.jdojo.chapter2;
import java.lang.annotation.Annotation;
import java.lang.reflect.AnnotatedElement;
import java.lang.reflect.Method;
public class AccessAnnotationTest {
public static void main(String[] args) {
// Read annotation of class declaration
Class<AccessAnnotation> c = AccessAnnotation.class;
System.out.println("Annotations for class:" + c.getName());
printAnnotations(c);
// Read annotation of package declaration
Package p = c.getPackage();
System.out.println("Annotations for package:" + p.getName());
printAnnotations(p);
// Read annotation of method declaration
System.out.println("Method annotations:");
Method[] m = c.getDeclaredMethods();
for (int i = 0; i < m.length; i++) {
System.out.println("Annotations for method:" +
m[i].getName());
printAnnotations(m[i]);
}
}
public static void printAnnotations(
AnnotatedElement programElement) {
Annotation[] annList = programElement.getAnnotations();
for (int i = 0; i < annList.length; i++) {
System.out.println(annList[i]);
if (annList[i] instanceof Version) {
Version v = (Version)annList[i];
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int major = v.major();
int minor = v.minor();
System.out.println("Found Version annotation: "
"major =" + major + ", minor=" + minor);

+

}
}
System.out.println();
}
}
Output:
Annotations for class:com.jdojo.chapter2.AccessAnnotation
@com.jdojo.chapter2.Version(major=1, minor=0)
Found Version annotation: major =1, minor=0
Annotations for package:com.jdojo.chapter2
@com.jdojo.chapter2.Version(major=1, minor=0)
Found Version annotation: major =1, minor=0
Method annotations:
Annotations for method:testMethod1
@com.jdojo.chapter2.Version(major=1, minor=1)
Found Version annotation: major =1, minor=1
Annotations for method:testMethod2
@com.jdojo.chapter2.Version(major=1, minor=2)
Found Version annotation: major =1, minor=2
@java.lang.Deprecated()

TIP
You can also access annotations of program elements at compile time. Java 5 introduced a tool
called Annotation Processing Tool (APT) to process annotations at compile-time. Java 6 has
included APT in Java API library in javax.annotation.processing package.

An Annotation Type may Grow
Unlike an interface type, an annotation type can grow without breaking the existing code that uses
it. If you add a new element to an annotation type, you must supply its default value. All existing
instances of the annotation will use the default value for the new elements. If you add a new
element to an existing annotation type without specifying a default value for the element, the code
that that uses the annotation will break.

Annotation Processing at Source Code Level
Java lets you process annotations at runtime as well as at compile-time. We have already seen
how to process annotations at runtime. Now, we will discuss, in brief, how to process annotations
at compile-time (or at source code level).
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Java 5 shipped with a command-line utility called Annotation Processing Tool (APT) that let you
process annotations at source code level at compile-time. You needed to write custom annotation
processor using non-public API that was part of the APT. APT would let you hook the custom
processor to it. Java 6 has APT incorporated in the javac command-line compiler. The API to
write your custom processor is part of the standard Java library in Java 6. This section discusses
how to write and use a custom annotation processor using Java 6.
Why would you want to process annotations at compile-time? Processing annotations at compiletime opens up a wide variety of possibilities that can help Java programmers in an application
development. It also helps developers of Java tools immensely. For example, boilerplate code and
configuration files can be generated based on annotations in the source code; custom annotationbased rules can be validated at the compiled-time, etc.
Annotation processing at compile time is a two-step process. First, you need to write a custom
annotation processor. Second, you need to use the javac command line utility tool. You need to
pass your custom annotation processor to the javac compiler using the –processor option. You
can pass multiple custom annotation processors to javac separating them by a comma. The
following command compiles the Java source file, MySourceFile.java, and passes two custom
annotation processors: MyProcessOr1 and MyProcessor2.
javac –processor MyProcessor1,MyProcessor2 MySourceFile.java
Using –proc option, the javac command-line utility lets you specify if you want to process
annotation and/or compile the source files. You can use –proc option as –proc:none or –
proc:only. The –proc:none option does not perform annotation processing. It only compiles
source files. The –proc:only option performs only annotation processing and skips the source
files compilation. If the –proc:none and the –processor options are specified in the same
command, the –processor option is ignored. The following command processes annotations in
the source file MySourceFile.java using custom processors: MyProcessor1 and
MyProcessors2. It does not compile the source code in the MySourceFile.java file.
javac –proc:only –processor MyProcessor1,MyProcessor2 MySourceFile.java
To see the compile-time annotation processing in action, you must write an annotation processor
using the classes in the javax.annotation.processing package.
While writing a custom annotation processor, you often need to access the elements from the
source code, e.g., name of a class and its modifiers, name of a method and its return types, etc.
You will need to use classes in the javax.lang.model package and its subpackages to work
with the elements of the source code. In our example, we will write an annotation processor for our
@Version annotation. It will validate all @Version annotations that are used in the source code to
make sure the major and minor values for a Version are always zero or greater than zero. For
example, if @Version(major=-1, minor=0) is used in a source code, our annotation
processor will print an error message, because the major value for the version is negative.
An annotation processor is an object of a class, which implements the Processor interface. The
AbstractProcessor class is an abstract annotation processor, which provides a default
implementation for all methods of the Processor interface, except an implementation for the
process() method. The default implementation in the AbstractProcessor class is good
enough in most of the circumstances. To create your own processor, you need to inherit your
processor class from the AbstractProcessor class and provide an implementation for the
process() method. If the AbstractProcessor class does not suit your need, you can create
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your own processor class, which implements the Processor interface. Let us call our processor
class VersionProcessor, which inherits the AbstractProcessor class as shown below.
public class VersionProcessor extends AbstractProcessor {
// Code goes here
}
The annotation processor object is instantiated by the compiler using a no-args constructor. You
must have a no-args constructor for your processor class, so that the compiler can instantiate it.
The default constructor for our VersionProcessor class will meet this requirement.
The next step is to add two pieces of information to the processor class. The first one is about what
kind of annotations processing are supported by this processor. You can specify the supported
annotation type using @SupportedAnnotationTypes annotation at class level. The following
snippet of code shows that the VersionProcessor supports processing of
com.jdojo.chapter2.Version annotation type.
@SupportedAnnotationTypes({"com.jdojo.chapter2.Version"})
public class VersionProcessor extends AbstractProcessor {
// Code goes here
}
You can use an asterisk (*) by itself or as a part of the annotation name of the supported
annotation types. The asterisk works as a wild card. For example, “com.jdojo.*” means any
annotation types whose names start with “com.jdojo.”. An asterisk only, “*”, means all
annotation types. Note that when an asterisk is used as part of the name, the name must be of the
form PartialName.*. For example, “com*” and “com.*jdojo” are invalid uses of an asterisk
in the supported annotation types. You can pass multiple supported annotation types using an
SupportedAnnotationTypes annotation. The following snippet of code shows that the
processor supports processing for the com.jdojo.Ann1 annotation and any annotations whose
name begins with com.jdojo.chapter2.
@SupportedAnnotationTypes({"com.jdojo.Ann1", “com.jdojo.chapter2.*”})
You need to specify the latest source code version that is supported by your processor using an
@SupportedSourceVersion annotation. If you do not specify the source code version, the
AbstractProcessor class defaults it to the source code version 6 and prints a warning. The
following snippet of code specifies the source code version 5 as the supported source code version
for the VersionProcessor class.
@SupportedAnnotationTypes({"com.jdojo.chapter2.Version"})
@SupportedSourceVersion(SourceVersion.RELEASE_5)
public class VersionProcessor extends AbstractProcessor {
// Code goes here
}
The next step is to provide the implementation for the process() method in your processor.
Annotation processing is performed in rounds. An instance of the RoundEnvironment interface
represents a round. The javac compiler calls the process() method of your processor by
passing all annotations that the processor declares to support and a RoundEnvironment object.
The return type of the process() method is boolean. If it returns true, the annotations passed
to it are considered to be claimed by the processor. The claimed annotations are not passed to
other processors. If it returns false, the annotations passed to it are considered as not claimed
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and other processor will be asked to process them. The following snippet of code shows the
skeleton of the process() method.
public boolean process(Set<? extends TypeElement> annotations,
RoundEnvironment roundEnv) {
// The processor code goes here
}
The code you write inside the process() method of your processor depends on your
requirements. In our case, we want to look at the major and minor values for each @Version
annotation in the source code. If either of them is less than zero, we want to print an error
message. To process each Version annotation, we will iterate through all Version annotation
instances passed to the process() method as:
for (TypeElement currentAnnotation: annotations) {
// Code to validate each Version annotation goes here
}
You can get the fully qualified name of an annotation using the getQualifiedName() method of
the TypeElement interface as:
Name qualifiedName = currentAnnotation.getQualifiedName();
// Check if it is a Version annotation
if (qualifiedName.contentEquals("com.jdojo.chapter2.Version")) {
// Get Version annotation values to validate
}
Once you are sure that you have a Version annotation, you need to get all its instances from the
source code. To get information from the source code, you need to use the RoundEnvironment
object passed to the process() method. The following snippet of code will get all elements of the
source code (e.g. classes, methods, constructors, etc.) that are annotated with a Version
annotation.
Set<? extends Element> annotatedElements
= roundEnv.getElementsAnnotatedWith(currentAnnotation);
At this point, we need to iterate through all elements that are annotated with a Version
annotation; get the instance of the Version annotation present on them; and, validate the values
of the major and minor elements. We can perform this logic as follows.
for (Element element : annotatedElements) {
Version v = element.getAnnotation(Version.class);
int major = v.major();
int minor = v.minor();
if (major < 0 || minor < 0) {
// Print the error message here
}
}
You can print the error message using the printMessage() method of the Messager object.
The processingEnv is an instance variable defined in the AbstractProcessor class that you
can use inside your processor to get the Messager object reference as shown below. If you pass
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the source code element’s reference to the printMessage() method, your message will be
formatted to include the source code file name and the line number in the source code for that
element. The first argument to the printMessage() method indicates the type of the message.
You can use Kind.NOTE and Kind.WARNING as the first argument to print a note and warning
respectively.
String errorMsg = "Version cannot be negative. " +
"major=" + major + " minor=" + minor;
Messager messager = this.processingEnv.getMessager();
messager.printMessage(Kind.ERROR, errorMsg, element);
Finally, you need to return true or false from the process() method. If a processor returns
true it means it claimed all the annotations that were passed to it. Otherwise, those annotations
are considered unclaimed and they will be passed to other processors. Listing 2-17 has the
complete code for the VersionProcessor class.
Listing 2-17: An annotation processor to process Version annotations using the AbstractProcessor class in
Java 6

// VersionProcessor.java
package com.jdojo.chapter2;
import java.util.Set;
import
import
import
import
import

javax.annotation.processing.AbstractProcessor;
javax.annotation.processing.Messager;
javax.annotation.processing.RoundEnvironment;
javax.annotation.processing.SupportedAnnotationTypes;
javax.annotation.processing.SupportedSourceVersion;

import
import
import
import

javax.lang.model.SourceVersion;
javax.lang.model.element.Element;
javax.lang.model.element.Name;
javax.lang.model.element.TypeElement;

import javax.tools.Diagnostic.Kind;
@SupportedAnnotationTypes({"com.jdojo.chapter2.Version"})
@SupportedSourceVersion(SourceVersion.RELEASE_5)
public class VersionProcessor extends AbstractProcessor {
// A no-args constructor is required for an annotation processor
public VersionProcessor() {
}
public boolean process(Set<? extends TypeElement> annotations,
RoundEnvironment roundEnv) {
// Process all annotations
for (TypeElement currentAnnotation: annotations) {
Name qualifiedName =
currentAnnotation.getQualifiedName();
// check if it is a Version annotation
if (qualifiedName.contentEquals(
"com.jdojo.chapter2.Version" )) {
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// Look at all elements that have Version annotations
Set<? extends Element> annotatedElements;
annotatedElements =
roundEnv.getElementsAnnotatedWith(
currentAnnotation);
for (Element element: annotatedElements) {
Version v = element.getAnnotation(Version.class);
int major = v.major();
int minor = v.minor();
if (major < 0 || minor < 0) {
// Print the error message
String errorMsg = "Version cannot” +
“ be negative." +
" major=" + major +
" minor=" + minor;
Messager messager =
this.processingEnv.getMessager();
messager.printMessage(Kind.ERROR,
errorMsg, element);
}
}
}
}
return true;
}
}
Now, we have an annotation processor. It is time to see it in action. We need to have a source
code that uses invalid values for the major and minor elements in the Version annotation. The
VersionProcessorTest class in Listing 2-18 uses the Version annotation three times. It uses
negative values for major and minor elements for the class itself and for the method m2(). Our
processor should catch these two errors, when we compile the source code for the
VersionProcessorTest class.
Listing 2-18: A test class to test VersionProcessor. It uses negative values for major and minor values for the
Version annotation, so that the processor should generate error messages.

// VersionProcessorTest.java
package com.jdojo.chapter2;
import java.lang.annotation.Annotation;
@Version(major = -1, minor = 2)
public class VersionProcessorTest {
@Version(major = 1, minor = 1)
public void m1() {
}
@Version(major = -2, minor = 1)
public void m2() {
}
}
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To see the processor in action, we need to run the following command. Note that the command text
is entered on one line and not two lines as shown below. Make sure the VersionProcessor
class is compiled and it is available in the CLASSPATH.
javac -processor com.jdojo.chapter2.VersionProcessor
com\jdojo\chapter2\VersionProcessorTest.java
The output of the above command is as follows. The output displays two errors with the source file
name and the line number at which errors were found in the source file.
Output:
com\jdojo\chapter2\VersionProcessorTest.java:10: Version cannot be
negative. major=-1 minor=2
public class VersionProcessorTest {
^
com\jdojo\chapter2\VersionProcessorTest.java:16: Version cannot be
negative. major=-2 minor=1
public void m2() {
^
2 errors
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Chapter 4. Enum
What is an Enum Type?
Java 5.0 introduced a new type called enum (enumeration or enumerated data type), which lets
you create an ordered list of constants as a type. Before we discuss what an enum is and why we
need it, let us consider a problem and solve it using Java features that were available before
version 5.0. Suppose you are working on a defect tracking application in which you need to
represent the severity of a defect. There are four types of severity that your application can handle.
The four types of severity are LOW, MEDIUM, HIGH and URGENT. The typical way to represent the
four types of severity before Java 5.0 was to declare four int constants in a class, say Severity,
as shown below.
public class Severity {
public static final
public static final
public static final
public static final
}

int
int
int
int

LOW = 0;
MEDIUM = 1;
HIGH = 2;
URGENT = 3;

Suppose we want to write a utility class named DefectUtil that has a method to compute the
projected turnaround days for a defect based on its severity. The code for the DefectUtil class
may look as shown below.
public class DefectUtil {
public static int getProjectedTurnAroundDays(int severity) {
int days = 0;
switch (severity) {
case Severity.LOW:
days = 30;
break;
case Severity.MEDIUM:
days = 15;
break;
case Severity.HIGH:
days = 7;
break;
case Severity.URGENT:
days = 1;
break;
}
return days;
}
// Other code for the DefectUtil class goes here
}

The following are a few problems with this approach in handling the severity of a defect.
Since a severity is represented as an integer constant, you can pass any integer value to the
getProjectedTurnAroundDays() method and not just 0, 1, 2, and 3, which are the valid
values for the severity type. You may want to add a check inside this method, so that only valid
severity values can be passed to it. Otherwise, the method may throw an exception. However,
that does not solve the problem forever. You will need to keep updating your code that checks
for valid severity values whenever you change the list of the severity types.
If you change the value for a severity constant, you must recompile the code that uses it to
reflect the changes. When you compile DefectUtil class, Severity.LOW is replaced with 0,
Severity.MEDIUM is replaced with 1 and so on. If you change the value for the constant LOW
in the Severity class to 10, you must recompile the DefectUtil class to reflect this change.
Otherwise, DefectUtil class will still keep using the value 1.
When you save the value of the severity on the disk, its corresponding integer value will be
saved, e.g., 0, 1, 2, etc., and not its string value, e.g., LOW, MEDIUM, HIGH, etc. You must
maintain a separate map to convert an integer value to its corresponding string representation
for all severity types.
When you print the severity value of a defect, it will print an integer value, e.g., 0, 1, 2, etc. An
integer value for a severity does not mean anything to the users.
Note that the severity types of the defects have a specific order. For example, a LOW severity
defect is given less priority than a MEDIUM severity defect. Since a severity is being
represented by an arbitrary number, you must write code using hard-coded values to maintain
the order of the constants defined in the Severity class. Suppose we add another severity
type VERY_HIGH, which has less priority than URGENT and more priority than HIGH. Now you
must change the code that handles ordering of severity type because you have added one in
the middle of the existing severity types.
There is no automatic way (except by hard coding) that will let you list all severity types.
You would agree that representing the severity types using integer constants is difficult to maintain.
That was the only easily implemented solution available in Java before version 5.0 to define
enumerated constants. You could have solved this problem effectively before Java 5.0. However,
the amount of code you had to write was disproportionate to the problem. The enum type in Java
5.0 solves this problem in a simple and effective way.
According to Merriam-Webster online dictionary, the term ―enumerate‖ means ―to specify one after
another‖. This is exactly what the enum type lets you do. It lets you specify constants in a specific
order. The constants defined in an enum are instances of that enum type. You define an enum type
using the enum keyword. Its simplest general syntax is:
<<access modifier>> enum <<enum type name>> {
// List of comma separated enum constant names
}
The value for <<access modifiers> could be the same as the access modifier for a class public, private, protected or package-level (no modifier). The valid value for <<access
modifier>> that could be used with enum type depends on the context in which the enum type is
defined. When an enum type is declared as a top-level enum type, it can use a public or
package-level access modifier. If you declare an enum type inside a class or inside another enum,
you can use any of the four access modifiers. The <<enum type name>> is any valid Java
identifier. The body of the enum type is placed within braces following its name. The body of the
enum type can have a list of comma-separated constants and other elements that are similar to the
elements you have in a class, e.g., instance variables, methods, etc. Most of the time, the enum
body includes only constants. The following code declares an enum type called Gender, which
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declares two constants MALE and FEMALE. It is a convention to name the enum constants in
uppercase. The semi-colon after the last enum constant is optional if there is no code that follows
the list of constants.
public enum Gender {
MALE, FEMALE; // The semi-colon is optional in this case
}
Listing 4-1 declares a public enum type called Severity with four enum constants – LOW,
MEDIUM, HIGH, and URGENT. A public enum type can be accessed from anywhere in the
application. You need to save the code in Listing 4-1 in a file named Severity.java. When you
compile the code, the compiler will create a Severity.class file. Note that except for the use of the
enum keyword and the body part (within braces {}), everything for the Severity enum type looks
exactly as if it is a class declaration. In fact, Java implements an enum type as a class. The
compiler does a lot of work for an enum type and generates code for it that is essentially a class.
You need to place an enum type in a package as we have been placing all classes in a package.
You can use an import statement to import an enum type, as we import a class type, into a
compilation unit.
Listing 4-1: Declaration of a Severity enum

// Severity.java
package com.jdojo.chapter4;
public enum Severity {
LOW, MEDIUM, HIGH, URGENT;
}
You declare a variable of an enum type the same way, you declare a variable of a class type.
// Declare defectSeverity variable of the Severity enum type
Severity defectSeverity;
You can assign null to an enum type variable as:
Severity defectSeverity = null;
What other values can we assign to an enum type variable? An enum type defines two things – the
enum constants, which are the only valid values for its type, and the order for those constants. The
Severity enum type defines fours enum constants – LOW, MEDIUM, HIGH and URGENT.
Therefore, a variable of the Severity enum type can have only one of the four values - LOW,
MEDIUM, HIGH and URGENT. You can use dot notation to refer to the enum constants by using the
enum type name as the qualifier. The following snippet of code assigns values to a variable of
Severity enum type.
Severity
Severity
Severity
Severity

defectSeverity1
defectSeverity2
defectSeverity3
defectSeverity4

=
=
=
=

Severity.LOW;
Severity.MEDIUM;
Severity.HIGH;
Severity.URGENT;

You cannot instantiate an enum type. The following code that attempts to instantiate the Severity
enum type will generate a compiler error.
Severity badAttempt = new Severity(); // A compiler error
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An enum type acts as a type as well as a factory. It declares a new type and a list of valid instances
of that type as its constants. For example, the Severity enum type declares four constants.
These four constants are the only valid values for the Severity type.
An enum type also assigns an order number (or position number), called ordinal, to all of its
constants. The ordinal starts with zero and is incremented by one as we move from left-to-right in
the list of constants. The first enum constant is assigned the ordinal value of zero, the second of 1,
the third of 2, and so on. The ordinal values assigned to constants declared in Severity enum
type are – 0 to LOW, 1 to MEDIUM, 2 to HIGH, and 3 to URGENT. If you change the order of the
constants in the enum type body, their ordinal values will change accordingly.
Each enum constant has a name. The name of an enum constant is the same as the identifier
specified for the constant in its declaration. For example, the name for the LOW constant in the
Severity enum type is ―LOW”.
You can read the name and the ordinal of an enum constant using the name() and ordinal()
methods respectively. Each enum type has a static method named values() that returns an array
of constants in the order they are declared in its body. Listing 4-2 has code that prints the name
and ordinal of all enum constants declared in Severity enum type. It uses an enhanced for-each
loop for an array, which is part of Java 5.0. You could also rewrite the for-each loop as a simple forloop as follows. Note that the use of the enhanced for-each loop is compact and more readable
than the use of the simple for-loop. The output of Listing 4-2 shows the name and the ordinal of the
constants declared in the Severity enum type.
Severity[] list = Severity.values();
for(int i = 0; i < list.length; i++) {
String name = list[i].name();
int ordinal = list[i].ordinal();
System.out.println(name + "\t" + ordinal);
}
Listing 4-2: Listing name and ordinal of enum type constants

// EnumConstantsList.java
package com.jdojo.chapter4;
public class EnumConstantsList {
public static void main(String[] args) {
for(Severity s : Severity.values()) {
String name = s.name();
int ordinal = s.ordinal();
System.out.println(name + "\t" + ordinal);
}
}
}
Output:
LOW
MEDIUM
HIGH
URGENT
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Every Enum Type Extends java.lang.Enum Class
An enum type is similar to a Java class type. In fact, the compiler creates a class, when an enum
type is compiled. You can treat an enum type as a class type for all practical purposes. However,
there are some rules that apply only to the enum type. An enum type can also have constructors,
fields and methods. Did we not say that an enum type cannot be instantiated (e.g. new
Severity() is valid)? Why do we need constructors for an enum type, if it cannot be instantiated?
Here is the reason why we need constructors for an enum type. An enum type is instantiated only
in the code generated by the compiler. All enum constants are instances (or objects) of the same
enum type. These instances are created and named the same as the enum constants in the code
generated by the compiler. The compiler is playing tricks. The compiler generates code for an
enum type similar to the one shown below. The following sample code is just to give you an idea
what goes on behind the scenes. The actual code generated by the compiler may be different from
the one shown below. For example, the code for the valueOf() method gives you a sense that it
compares the name with enum constant names and returns the matching constant instance. In
reality, the compiler generates code for a valueOf() method that makes a call to the valueOf()
method in the Enum superclass.
/* Transformed code for Severity enum type declaration*/
package com.jdojo.chapter4;
public final class
public static
public static
public static
public static

Severity extends Enum {
final Severity LOW;
final Severity MEDIUM;
final Severity HIGH;
final Severity URGENT;

// Create constants when class is loaded
static {
LOW
= new Severity("LOW", 0);
MEDIUM = new Severity("MEDIUM", 1);
HIGH
= new Severity("HIGH", 2);
URGENT = new Severity("URGENT", 3);
}
// The private constructor to prevent direct instantiation
private Severity(String name, int ordinal) {
super(name, ordinal);
}
public static Severity[] values() {
return new Severity[] { LOW, MEDIUM, HIGH, URGENT };
}
public static Severity valueOf(String name) {
if (LOW.name().equals(name)) {
return LOW;
}
if (MEDIUM.name().equals(name)) {
return MEDIUM;
}
if (HIGH.name().equals(name)) {
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return HIGH;
}
if (URGENT.name().equals(name)) {
return URGENT;
}
throw new IllegalArgumentException("Invalid enum constant " +
name);
}
}
By looking at the transformed code for the Severity enum declaration, we can conclude the
following points.
Every enum type implicitly extends java.lang.Enum class. This means that all methods
defined in the Enum class can be used with all enum types. Table 4-1 lists the methods that are
defined in the Enum class. We have seen the use of the name() and ordinal() methods in
Listing 4-2 with the Severity enum type. Note that all instance methods in the Enum class are
declared final, except for the toString() method. The toString() method in the Enum
class returns the name of the enum constant as specified in the constant declaration. Its return
value is the same as the return value from the name() method. You can override the
toString() method in your enum type to provide a more meaningful textual representation
for each enum constant. For example, you can override the toString() method in the
Severity enum to return ―Low Priority‖ string for the LOW enum constant. Listing 4-5 has an
example of how to override the toString() method in an enum type.
An enum type is implicitly final. In some situations, the compiler cannot declare it as final
as it has done in the sample code for the Severity class. You can also associate a body to
each constant in the enum type declaration. When at least one of the constants in an enum
type has a body, the compiler does not declare the enum type final, because it inherits an
anonymous class that extends the enum type to represent the body of that constant. It is the
responsibility of the compiler and you should not worry about it. The compiler does not allow
you to declare an enum type as final explicitly.
The compiler adds two static methods, values() and valueOf(), to every enum type. The
values() method returns the array of enum constants in the same order they are declared in
the enum type. We have seen the use of the values() method in Listing 4-2. The
valueOf() method is used to get the instance of an enum type using the constant name as a
string. For example, Severity.valueOf(“LOW”) will return Severity.LOW constant. The
valueOf() method facilitates reverse lookup – from string value to enum type value.
The Enum class implements the java.lang.Comparable and java.io.Serializable
interfaces. This means, instances of every enum type can be compared and serialized. The
Enum class makes sure that during the deserialization process no other instances of an enum
type is created than the ones declared as the enum constants. You can use the compareTo()
method to determine if one enum constant is declared before or after another enum constant.
Note that you can also determine the order of two enum constants by comparing their ordinals.
The compareTo() method does the same, with one more check, that the enum constants
being compared must be of the same enum type. The following code snippet shows how to
compare two enum constants.
Severity s1 = Severity.LOW;
Severity s2 = Severity.HIGH;
// s1.compareTo(s2) returns s1.ordinal() - s2.ordinal()
int diff = s1.compareTo(s2);
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if (diff > 0) {
System.out.println(s1 + " occurs after " + s2);
}
else {
System.out.println(s1 + " occurs before " + s2);
}

Table 4-1: List of methods in the Enum class that are available in all enum type

Method Name

Description

public final String name() It returns the name of the enum constant exactly as declared
in the enum type declaration.
public final int ordinal() It returns the order (or position) of the enum constant as
declared in the enum type declaration. The first enum constant
is given the position zero, the second as 1, and so on.
public final boolean
equals(Object other)

It returns true if the specified object is equal to the enum
constant. Otherwise, it returns false. Note that an enum type
cannot be instantiated directly and it has a fixed number of
instances, which are equal to the number of enum constants it
declares. It implies that the == operator and the equals()
method return the same result, when they are used on two
enum constants.

public final int hashCode() It returns the hash code value for an enum constant.
public final int
compareTo(E o)

It compares the order of this enum constant with the order of
the specified enum constant. It returns the difference in ordinal
value (as returned by ordinal() method) on this enum
constant and the specified enum constant. Note that to
compare two enum constants they must be of the same enum
type. Otherwise, a runtime exception is thrown.

public final Class<E>
getDeclaringClass()

It returns the class object for the class that declares the enum
constant. Two enum constants are considered to be of the
same enum type if this method returns the same class object
for both. Note that the class object returned by the
getClass() method, which every enum type inherits from
the Object class, might not be the same as the class object
returned by this method. When an enum constant has a body,
the actual class of the object for that enum constant is not the
same as the declaring class.

public String toString()

It returns the name of the enum constant, which is the same
as the return value of the name() method. Note that this
method is not declared final and hence you can override it
to return a more meaningful string representation for each
enum constant.

public static <T extends
It returns an enum constant of the specified enum type and
Enum<T>> T valueOf(Class<T> name. For example, you can use the following code to get the
enumType, String name)
LOW enum constant value of the Severity enum type in your
code.
Severity lowSeverity =
Enum.valueOf(Severity.class, "LOW")
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protected final Object
The Enum class redefines the clone() method. It declares
clone() throws
the clone() method final, so that it cannot be overridden
CloneNotSupportedException by any enum type. The clone() method always throws an
exception from its body. This is done intentionally to prevent
cloning of enum constants. This makes sure that only one set
of enum constants exists for each enum type.
protected final void
finalize()

The Enum class declares it final so that it cannot be overridden
by any enum type. It provides an empty body. Since you
cannot create an instance of an enum type, except its
constants, it makes no sense to have a finalize() method
for your enum type.

Enhanced switch Statement for Enum Types
The general syntax of a switch statement is:
switch(expression) {
case constant1:
// do something
case constant2:
// do something
case constantN:
// do something
default:
// do something
}
Before Java 5.0, the expression for the switch statement must be of only int type. Java 5.0 has
enhanced the switch statement to accommodate enum types. It allows you to have an enum type
as a switch expression. When the switch expression is of an enum type, all case labels must be
unqualified enum constants of the same enum type. The switch statement deduces the enum type
name from the type of its expression. You may include a default label in the switch block with an
enum type switch expression. The following is the version of our DefectUtil class that has been
rewritten using enum type and enhanced switch statement. Now you do not need to handle the
exceptional case of receiving a null value in the severity parameter inside
getProjectedTurnAroundDays() method. If the enum expression of the switch statement
evaluates to null, it throws NullPointerException. When you need to use code like the one
shown in the getProjectedTurnAroundDays() method, which uses a switch statement for an
enum type, you can improve the code by moving it to the enum type declaration. We will look at
this feature in the next section.
// DefectUtil.java
package com.jdojo.chapter4;
public class DefectUtil {
public static int getProjectedTurnAroundDays(Severity severity) {
int days = 0;
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switch (severity) {
case LOW: // Must use the unqualified name LOW
// and not the qualified name Severity.LOW
days = 30;
break;
case MEDIUM:
days = 15;
break;
case HIGH:
days = 7;
break;
case URGENT:
days = 1;
break;
}
return days;
}
}

Associating Data and Methods to Enum Constants
Generally, you declare an enum type just to have some enum constants as we have done in the
Severity enum type. Since an enum type is actually a class type you can declare pretty much
everything inside an enum type body that you can declare inside a class body. You can declare
constructors, fields and methods for an enum type. Let us associate one data element, projected
turnaround days, with each of our Severity enum constant. We will name our enhanced
Severity enum type as SmartSeverity. Listing 4-3 has code for SmartSeverity enum type,
which is very different from the code for Severity enum type.
Listing 4-3: A SmartSeverity enum type declaration, which uses fields, constructors, and methods

// SmartSeverity.java
package com.jdojo.chapter4;
public enum SmartSeverity {
LOW(30), MEDIUM(15), HIGH(7), URGENT(1);
// Declare an instance variable
private int projectedTurnaroundDays;
// Declare a private constructor
private SmartSeverity(int projectedTurnaroundDays) {
this.projectedTurnaroundDays = projectedTurnaroundDays;
}
// Declare a public method to get the turnaround days
public int getProjectedTurnAroundDays() {
return projectedTurnaroundDays;
}
}
Let us discuss new things that are in SmartSeverity enum type.
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It declares an instance variable projectedTurnaroundDays, which will store the value of
the projected turnaround days for each enum constant.
// Declare an instance variable
private int projectedTurnaroundDays;
It defines a private constructor, which accepts an int parameter. It stores the value of its
parameter in the instance variable. You can add multiple constructors to an enum type. If you
do not add a constructor, a no-args constructor is added. You cannot add a public or
protected constructor to an enum type. All constructors in an enum type declaration go
through parameter and code transformation by the compiler and their access levels are
changed to private. Many things are added or changed in the constructor of an enum type
by the compiler. As a programmer, you do not need to know the details of the changes made
by the compiler.
// Declare a private constructor
private SmartSeverity(int projectedTurnaroundDays){
this.projectedTurnaroundDays = projectedTurnaroundDays;
}
It declares a method getProjectedTurnAroundDays(), which returns the value of the
projected turnaround days for an enum constant (or the instance of the enum type).
The enum constant declarations have changed to:
LOW(30), MEDIUM(15), HIGH(7), URGENT(1);
This change is not obvious. Now every enum constant name is followed by an integer value in
parentheses e.g. LOW(30). This syntax is shorthand for calling the constructor with an int
parameter type. When an enum constant is created, the value inside the parentheses will be
passed to the constructor that we have added. By simply using the name of the enum constant,
e.g., LOW in the constant declaration, you invoke a default no-args constructor.
Listing 4-4 has code that tests the SmartSeverity enum type. It prints the names of the
constants, their ordinals and their projected turnaround days. Note that the logic to compute the
projected turnaround days is encapsulated inside the definition of the enum type itself. The
SmartSeverity enum type definition combines the code for the Severity enum type and the
getProjectedTurnAroundDays() method in the DefectUtil class. We do not have to write a
switch statement anymore to get the projected turnaround days. Each enum constant knows about
its projected turnaround days.
Listing 4-4: A test class to test the SmartSeverity enum type

// SmartSeverityTest.java
package com.jdojo.chapter4;
public class SmartSeverityTest {
public static void main(String[] args) {
for(SmartSeverity s : SmartSeverity.values()) {
String name = s.name();
int ordinal = s.ordinal();
int days = s.getProjectedTurnAroundDays();
System.out.println(name + "\t" + ordinal + "\t" + days);
}
}
}
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Output:
LOW
MEDIUM
HIGH
URGENT

0
1
2
3

30
15
7
1

Associating a Body to an Enum Constant
The SmartSeverity is an example of adding data and methods to an enum type. The code in the
getProjectedTurnAroundDays() method is the same for all enum constants. You can also
associate a different body to each enum constant. The body can have fields and methods. The
body for an enum constant is placed inside braces ({ }) following its name. If the enum constant
accepts arguments, its body follows its argument list. The syntax for associating a body to an enum
constant is as follows.
<<access modifier> enum <<enum type name>>{
CONST1 {
// Body for CONST1 goes here
},
CONST2 {
// Body for CONST2 goes here
},
CONST3(arguments-list) {
// Body of CONST3 goes here
};
// Other code goes here
}
It is a little different game, when you add a body to an enum constant. The compiler creates an
anonymous class, which inherits from the enum type. It moves the body of the enum constant to
the body of that anonymous class. Consider an ETemp enum type as shown below.
public enum ETemp {
C1 {
// Body of constant C1
public int getValue() {
return 100;
}
},
C2,
C3;
}
The body of the ETemp enum type declares three constants: C1, C2, and C3. We have added a
body to the C1 constant. The compiler will transform the code for ETemp into something like the
code shown below.
public enum ETemp {
public static final ETemp C1 = new ETemp() {
// Body of constant C1
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public int getValue() {
return 100;
}
};
public static final ETemp C2 = new ETemp();
public static final ETemp C3 = new ETemp();
// Other code goes here
}
Note that the constant C1 is declared of the ETemp type and assigned an object, which is of an
anonymous class type. The ETemp enum type has no knowledge of the getValue() method
defined in the anonymous class. Therefore, it is useless for all practical purposes, because you
cannot call the method as ETemp.C1.getValue().
To let the client code use the getValue() method, you must declare a getValue() method for
the ETemp enum type. If you want all constants of ETemp to override and provide implementation
for this method, you need to declare it as abstract. If you want it to be overridden by some, but
not all constants, you need to declare it non-abstract and provide a default implementation for it.
The following code declares a getValue() method for the ETemp enum type, which returns 0.
The C1 constant has its body, which overrides the getValue() method and returns 100. Note that
the constants C2 and C3 do not have to have a body; they do not need to override the
getValue() method. Now, you can use the getValue() method on the ETemp enum type.
public enum ETemp {
C1 {
// Body of constant C1
public int getValue() {
return 100;
}
},
C2,
C3;
// Provide the default implementation for the getValue() method
public int getValue() {
return 0;
}
}
The following code rewrites the above version of ETemp and declares the getValue() method
abstract. An abstract method for an enum type forces you to provide a body for all constants
and override that method. The following code provides the body for all constants, C1, C2, and C3.
The body of each constant overrides and provides implementation for the getValue() method.
public enum ETemp {
C1 {
// Body of constant C1
public int getValue() {
return 100;
}
},
C2 {
// Body of constant C2
public int getValue() {
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return 0;
}
},
C3 {
// Body of constant C3
public int getValue() {
return 0;
}
};
// Provide default implementation for getValue() method
public abstract int getValue();
}
Let us enhance our SmartSeverity enum type. We are running out of good names for our enum
type. We will name the new one SuperSmartSeverity. Listing 4-5 has its code.
Listing 4-5: A SuperSmartSeverity enum type, which demonstrates the use of a body for enum constants. It
also shows how to override the toString() method and provide a custom descriptive name for enum constants

// SuperSmartSeverity.java
package com.jdojo.chapter4;
public enum SuperSmartSeverity {
LOW("Low Priority", 30) {
public double getProjectedCost()
return 1000.0;
}
},
MEDIUM("Medium Priority", 15) {
public double getProjectedCost()
return 2000.0;
}
},
HIGH("High Priority", 7) {
public double getProjectedCost()
return 3000.0;
}
},
URGENT("Urgent Priority", 1) {
public double getProjectedCost()
return 5000.0;
}
};

{

{

{

{

// Declare instance variables
private String description;
private int projectedTurnaroundDays;
// Declare a private constructor
private SuperSmartSeverity(String description,
int projectedTurnaroundDays){
this.description = description;
this.projectedTurnaroundDays = projectedTurnaroundDays;
}
// Declare a public method to get the turn around days
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public int getProjectedTurnAroundDays() {
return projectedTurnaroundDays;
}
// Override toString() method of Enum class to return description
@Override
public String toString() {
return this.description;
}
// Provide getProjectedCost() abstract method, so that all constants
// override and provide implementation for it in their body
public abstract double getProjectedCost();
}
The following are new things in the SuperSmartSeverity enum type. The code in Listing 4-6
demonstrates the use of the new features added to the SuperSmartSeverity enum type.
It has added an abstract method getProjectedCost() to return the projected cost of
each type of severity.
It has a body for each constant that provides implementation for the getProjectedCost()
method. Note that declaring an abstract method in an enum type forces you to provide a body
for all its constants.
It has added another parameter to its constructor, which is a nicer name for the severity type.
It has overridden the toString() method of Enum class. The toString() method in the
Enum class returns the name of the constant. Our toString() method returns a brief and
more intuitive name for each constant.

TIP
Typically, you do not need to write this kind of complex code for an enum type. Java enum is very
powerful. It has features for you to utilize, if you need them.

Listing 4-6: A test class to test the SuperSmartSeverity enum type

// SuperSmartSeverityTest.java
package com.jdojo.chapter4;
public class SuperSmartSeverityTest {
public static void main(String[] args) {
for(SuperSmartSeverity s : SuperSmartSeverity.values()) {
String name = s.name();
int ordinal = s.ordinal();
int projectedTurnAroundDays =
s.getProjectedTurnAroundDays();
double projectedCost = s.getProjectedCost();
System.out.println(name + "\t" + s + "\t" +
ordinal + "\t" +
projectedTurnAroundDays + "\t" +
projectedCost);
}
}
}
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Output:
LOW
MEDIUM
HIGH
URGENT

Low Priority
Medium Priority
High Priority
Urgent Priority

0
1
2
3

30
15
7
1

1000.0
2000.0
3000.0
5000.0

Comparing Two Enum Constants
You can compare two enum constants in three ways.
Using the compareTo() method of the Enum class.
Using the equals() method of the Enum class.
Using the == operator.
The compareTo() method of the Enum class lets you compare two enum constants of the same
enum type. It returns the difference in ordinal for the two enum constants. If both enum constant
are the same, it returns zero. The following snippet of code will print -3 because the difference of
the ordinals for LOW and URGENT is -3. Recall that the first enum constant is assigned an ordinal of
zero, the second one 1, and so one.
Severity s1 = Severity.LOW;
Severity s2 = Severity.URGENT;
int diff = s1.compareTo(s2);
System.out.println(diff);
Output:
-3
The compareTo() method works only on two enum constants of the same enum type. Suppose
you have another enum called BasicColor as:
public enum BasicColor {
RED, GREEN, BLUE;
}
The following code will not compile because it tries to compare the two enum constants, which
belong to two different enum types.
int diff = BasicColor.RED.compareTo(Severity.URGENT); // A compiler error
You can use the equals() method of the Enum class to compare the two enum constants for
equality. An enum constant is equal only to itself. Note that the equals() method can be invoked
on two enum constants of different types. If the two enum constants are from different enum types,
it always returns false. The following code snippet demonstrates the result of the equals()
method while comparing two enum constants.
Severity s1 = Severity.LOW;
Severity s2 = Severity.URGENT;
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BasicColor c = BasicColor.BLUE;
System.out.println(s1.equals(s1));
System.out.println(s1.equals(s2));
System.out.println(s1.equals(c));
Output:
true
false
false
You can also use the equality operator (==) to compare two enum constants for equality. Both
operands to the == operator must be of the same enum type. Otherwise, you get a compile-time
error. The following code snippet demonstrates the use of the == operator to compare two enum
constants.
Severity s1 = Severity.LOW;
Severity s2 = Severity.URGENT;
BasicColor c = BasicColor.BLUE;
System.out.println(s1 == s1);
System.out.println(s1 == s2);
//System.out.println(s1 == c); // A compiler error. Cannot compare
// Severity and BasicColor enum types
Output:
true
false

TIP
The equals() method in the Enum class uses the == operator to compare two enum constants.
For example, if you invoke s1.equals(s2) for two enum constants s1 and s2, it returns the
result of the expression s1 == s2. Using the == operator in equals() method for the Enum class
is justified, because two instances of the same enum constant of an enum type cannot exist. If two
enum constants are equal, they must be the same instance of the enum type.

Nested Enum Types
You can have a nested enum type declaration. You can declare a nested enum type inside a class,
an interface or another enum type. Nested enum types are implicitly static. You can also declare
a nested enum type static explicitly in its declaration. Since an enum type is always static,
whether you declare it or not, you cannot declare a local enum type (e.g. inside a method’s body).
Note that an inner class also cannot have static members. Therefore, it implies that you cannot
declare an enum type inside an inner class. You can use any of the access modifiers – public,
private, protected or package-level for a nested enum type. The following code snippet
declares nested public enum type named Gender inside a Person class.
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// Person.java
package com.jdojo.chapter4;
public class Person {
public enum Gender {MALE, FEMALE}
}
The Person.Gender enum type can be accessed from anywhere in the application because it has
been declared public. You need to import the enum type to use its simple name in other
packages as shown in the following code.
// Test.java
package com.jdojo.chapter4.pkg1;
import com.jdojo.chapter4.Person.Gender;
public class Test {
public static void main(String[] args) {
Gender m = Gender.MALE;
Gender f = Gender.FEMALE;
System.out.println(m);
System.out.println(f);
}
}
You can also use the simple name of en enum constant by importing the enum constants using
static imports. The following code snippet uses MALE and FEMALE simple names of constants of
Person.Gender enum type. Note that the first import statement is needed to import the Gender
type itself so that its simple name could be used in that code.
// Test.java
package com.jdojo.chapter4.pkg1;
import com.jdojo.chapter4.Person.Gender;
import static com.jdojo.chapter4.Person.Gender.*;
public class Test {
public static void main(String[] args) {
Gender m = MALE;
Gender f = FEMALE;
System.out.println(m);
System.out.println(f);
}
}
You can also nest an enum type inside another enum type or an interface. The following are valid
enum type declarations.
public enum OuterEnum {
C1, C2, C3;
public enum NestedEnum {
C4, C5, C6;
}
}
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public interface MyInterface {
int operation1();
int operation2();
public enum AnotherNestedEnum {
CC1, CC2, CC3;
}
}

Implementing an Interface to an Enum Type
An enum type may implement one or more interfaces. The rules for an enum type implementing an
interface are the same as the rules for a class implementing an interface. Note that an enum type is
never inherited by another enum type. Therefore, you cannot declare an enum type as abstract.
This also implies that if an enum type implements an interface, it must also provide implementation
for all methods in that interface. The following code snippet shows an enum type called
CommandList that implements an interface called Command. Note that each enum constant
implements the execute() method of the Command interface. Alternatively, you can implement
the execute() method in the enum type body and omit the implementations from some or all
enum constants.
// Command interface
public interface Command {
void execute();
}
// CommandList enum type implementing Command interface
public enum CommandList implements Command {
RUN {
public void execute() {
System.out.println("Run");
}
},
JUMP {
public void execute() {
System.out.println("Jump");
}
};
// Force all constants to implement the execute() method.
public abstract void execute();
}

Behind the Scenes
Reverse Lookup for Enum Constants
We have seen how to loop through the list of enum constants of an enum type by first getting the
list of enum constants in an array using the values() static method. Every enum constant has a
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name and an ordinal. You can perform reverse lookup based on the name or the ordinal. That is,
you can get the value of an enum constant if you know its name or position in the list. You can use
the valueOf() method, which is added by the compiler to an enum type, to perform reverse
lookup based on a name. You can use the array returned by the values() method, which is
added by the compiler to an enum type, to perform reverse lookup by ordinal (or position). Note
that the order of the values in the array that is returned by values() method is the same as the
order in which the enum constants are declared. The ordinal of enum constants starts with zero.
This implies that the ordinal value of an enum constant can be used as the index in the array that is
returned by the values() method to get to the value of the enum constant. The following code
snippet demonstrates how to reverse look up an enum constant.
Severity low1 = Severity.valueOf("LOW"); // Reverse lookup using a name
Severity low2 = Severity.values()[0]; // Reverse lookup using an ordinal
System.out.println(low1);
System.out.println(low2);
System.out.println(low1 == low2);
Output:
LOW
LOW
true

Working with Enum Constants Ranges - EnumSet
Java API provides the java.util.EnumSet collection class to work with ranges of enum
constants of an enum type. The implementation of the EnumSet class is very efficient. Suppose we
have an enum type called Day as shown in Listing 4-7. You can work with a range of days using
the EnumSet class, for example, get all days between MONDAY and FRIDAY. An EnumSet iterator
always returns the enum constants in the same order they are declared in the enum type. An
EnumSet can contain enum constants only from one enum type. Listing 4-8 demonstrates how to
use the EnumSet class to work with the range for enum constants.
Listing 4-7: Declaration of a Day enum type, which represents seven days of a week as enum constants

// Day.java
package com.jdojo.chapter4;
public enum Day {
MONDAY, TUESDAY, WEDNESDAY, THURSDAY, FRIDAY, SATURDAY, SUNDAY;
}
Listing 4-8: A test class to demonstrate how to use the EnumSet class to loop through the elements of an
enum type

// EnumSetTest.java
package com.jdojo.chapter4;
import java.util.EnumSet;
import java.util.Iterator;
public class EnumSetTest {
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public static void main(String[] args) {
// Print all enum constants of Day enum type
System.out.println("All days using a for-each loop.");
for(Day d: EnumSet.allOf(Day.class)) {
System.out.print(d + " ");
}
System.out.println("\n\nOnly weekdays using a for-each loop.");
for(Day d: EnumSet.range(Day.MONDAY, Day.FRIDAY)) {
System.out.print(d + " ");
}
System.out.println("\n\nOnly weekdays using an iterator.");
EnumSet<Day> weekDays = EnumSet.range(Day.MONDAY, Day.FRIDAY);
Iterator<Day> iterator = weekDays.iterator();
while(iterator.hasNext()) {
Day d = iterator.next();
System.out.print(d + " ");
}
System.out.println("\n\nOnly weekends using a for-each loop.”);
for(Day d: EnumSet.complementOf(weekDays)) {
System.out.print(d + " ");
}
}
}
Output:
All days using a for-each loop.
MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY SUNDAY
Only weekdays using a for-each loop.
MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY
Only weekdays using an iterator.
MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY
Only weekends using a for-each loop.
SATURDAY SUNDAY
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