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To pass the Sun Certified Programmer for Java 2 Platform 1.4 exam (SCPJ2 1.4) you need this book. It is written for any experienced programmer (with or without previous knowledge of Java) interested in mastering the Java programming language and passing the SCPJ2 1.4 exam. 


A Programmer's Guide to Java(TM) Certification, Second Edition, contains detailed coverage of all exam topics and objectives, helpful code examples, exercises, review questions, and several full practice exams. In addition, as a comprehensive primer to the Java programming language, this book is an invaluable reference tool for the reader.

This new edition has been thoroughly updated to focus on the latest version of the exam (CX-310-035). In particular, it contains more in-depth explanations of the syntax and usage of core language features that are now emphasized on the exam. The accompanying CD contains a version of the SCPJ2 1.4 Exam Simulator developed by Whizlabs Software, which includes several mock exams and simulates the exam-taking experience. The CD also contains the complete source code for all the examples, and solutions to the programming exercises.

What you will find in this book:	Extensive coverage of all the objectives defined for the Sun Certified Programmer for Java 2 Platform 1.4 exam 

	Easy-to-follow structure with chapters organized according to the exam objectives as laid out by Sun Microsystems 

	Summaries that clearly state and differentiate the exam objectives and the supplementary objectives to be covered in each chapter 

	A list of Sun's objectives for the SCPJ2 1.4 exam, and a guide to taking the exam 

	A complete mock exam with new questions (not repeats of review questions) 

	Numerous exam-relevant review questions to test your understanding of each major topic, with annotated answers 

	Programming exercises and solutions at the end of each chapter 

	Copious code examples illustrating concepts where the code has been compiled and thoroughly tested on multiple platforms 

	Program output demonstrating expected results from running the examples 

	Extensive use of UML (Unified Modeling Language) for illustration purposes 

	An introduction to basic terminology and concepts in object-oriented programming 

	Advice on how to avoid common pitfalls in mastering the language and taking the exam 

	Platform-independent coverage--platform-specific details are provided where relevant 

	Information about the SCPJ2 Upgrade exam
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[bookmark: pref04]Foreword
[bookmark: idd1e5576]Consider the following observations:
	Software continues to become ever more pervasive, ever more ubiquitous in our lives.

	Incompetence seems to be the only thing we can count on in today's world and, especially, in the domain of software.

	The Java programming language has become a lingua franca for programmers all over the world.


One can draw varied conclusions from these comments. One of them is that it is of great importance that programmers working with the Java programming language should be as competent as possible.
The Java certification program is an important effort aimed at precisely this goal. Practitioners looking to obtain such certification need good quality training materials, which brings us to this book.
Programming is still more of an art than a science, and will continue to be so for the foreseeable future. Mastering the intricacies of a large and complex programming language is a challenging task that requires time and effort, and above all experience.
Real programming requires more than just mastery of a programming language. It requires mastery of a computing platform, with a rich set of libraries. These libraries are designed to simplify the task of building realistic applications, and they do. Again, the practitioner is faced with a daunting task.
To address the clear need for professional training material, a plethora of books have been written purporting to tutor programmers in the programming language and platform skills they require.
The choice is as mind boggling as the material within the books themselves. Should one try Java for Frontally Lobotomized Simians or Postmodern Java Dialectics? The readership for these books is largely self selecting. I trust that if you, the reader, have gotten this far, you are looking for something that is intelligent, yet practical. This book is one of the finest efforts in this crowded arena. It brings a necessary level of academic rigor to an area much in need of it, while retaining an essentially pragmatic flavor.
The material in this book is probably all you need to pass the Java certification exam. It certainly isn't all you need to be a good software engineer. You must continue learning about new technologies. The hardest part of this is dealing with things that are completely different from what you are familiar with. Yet this is what distinguishes the top flight engineer from the mediocre one. Keep an open mind; it pays.
Gilad Bracha
Computational Theologist
Sun Java Software
http://java.sun.com/people/gbracha/
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[bookmark: fm01lev1sec1] Writing the Second Edition

The exam for the Sun Certified Programmer for Java 2 (SCPJ2) Platform has changed considerably since the first edition of this book was published. The most noticeable change in the current version of the exam (SCPJ2 1.4) is the removal of GUI and I/O, and the shifting of emphasis toward the core features of the language. In our opinion, the new exam demands an even greater understanding and actual experience of the language, rather than mere recitation of facts. Proficiency in the language is the key to success.

The I/O and GUI topics of the first edition have been eliminated, as they have no relevance for the SCPJ2 exam. These topics are more relevant for the Sun Certified Developer for Java 2 (SCDJ2) Platform exam and, therefore, relegated to a possible future volume on the Developer exam topics.

Since the emphasis of the SCPJ2 exam is on the core features of Java, the second edition provides an even greater in-depth coverage of the relevant topics. The book covers not just the exam objectives, but also supplementary topics that aid in mastering the exam topics.

The second edition is still a one-source guide for the SCPJ2 exam: it provides a mixture of theory and practice for the exam. Use the book to learn Java, pass the SCPJ2 exam, and afterwards, use it as a handy language guide. The book also has an appendix devoted to the SCPJ2 Upgrade exam. To facilitate preparation for the exams, the second edition comes with a CD containing additional resources, including several mock exams developed by Whizlabs Software.

We have taken into consideration the feedback we have received from readers. The many hours spent in handling the deluge of e-mail have not been in vain. Every single e-mail is appreciated and is hereby acknowledged.

Preparing the second edition dispelled all our illusions about second editions being, to put it colloquially, a piece of cake. Every sentence from the first edition has been weighed carefully, and not many paragraphs have escaped rewriting.

UML (Unified Modeling Language) is also extensively employed in this edition. Numerous new review questions have been added. In covering the new topics and expanding the existing ones, new examples, figures, and tables were also specifically created for the second edition.









[bookmark: fm01lev1sec2] About This Book

This book provides an extensive coverage of the Java programming language and its core Application Programming Interfaces (APIs), with particular emphasis on its syntax and usage. The book is primarily intended for professionals who want to prepare for the Sun Certified Programmer for Java 2 Platform 1.4 exam (referred to as the SCPJ2 exam), but it is readily accessible to any programmer who wants to master the language. For both purposes, it provides an in-depth coverage of essential features of the language and its core APIs.

There is a great and increasing demand for certified Java programmers. Sun Microsystems has defined the SCPJ2 exam as one that professionals can take to validate their skills. The certification provides the IT industry with the standard to use for hiring such professionals, and allows the professionals to turn their Java skills into credentials that are important for career advancement.

The book helps the reader master all core features of the Java language, and this mastering of the language can culminate in accomplishing the exam. It provides an extensive coverage of all the objectives defined for the exam by Sun. Since the exam objectives are selective, they do not cover many of the essential features of Java. This book provides extensive coverage of additional topics that every Java programmer should master in order to be proficient in this field. In this regard, the book is a comprehensive primer for learning the Java programming language.

This book is not a complete reference for Java, as it does not attempt to list every member of every class from the Java System Development Kit (SDK) API documentation. Its purpose is not to document the Java SDK APIs. It is also not a book on teaching programming techniques. Its emphasis is on the Java programming language features, their syntax and correct usage.

The book assumes a background in programming. We believe the exam is accessible to any programmer who works through the book. A Java programmer can easily skip over material that is well understood and concentrate on parts that need reinforcing, whereas a programmer new to Java will find the concepts explained from basic principles.

Each topic is explained and discussed thoroughly with examples, and backed by review questions and exercises to reinforce the concepts. The book is not biased toward any particular platform, but provides platform-specific details where necessary.









[bookmark: fm01lev1sec3] Using the Book

The reader can choose a linear or a non-linear route through the book, depending on her programming background. Non-Java programmers wishing to migrate to Java can read Chapter 1, which provides a short introduction to object-oriented programming concepts, and the procedure for compiling and running Java applications. For those preparing for the SCPJ2 exam, the book has a separate appendix providing all the pertinent information on taking the exam.

The table of contents, listings of tables, examples, and figures, and a comprehensive index facilitate locating topics discussed in the book.

In particular, we draw attention to the following features of the book:

[bookmark: fm01sb01]



	
Exam and Supplementary Objectives

	Exam objectives are stated clearly at the start of every chapter, together with any supplementary objectives.

	The objectives are defined by Sun and are organized into major sections, detailing the curriculum for the exam.

	The book is organized into chapters that logically follow the order of these major sections.

	The objectives are reproduced in a separate appendix where, for each section of the syllabus, study notes are included to point the reader to topics essential for the exam.

	We believe that the supplementary objectives are important to the ultimate goal of mastering the language.














[bookmark: fm01lev1sec4] Review Questions

[image: graphics/rq_icon.gif]
Review questions are provided after every major topic, in order to test and reinforce the material. These review questions reflect the kind of questions that can be asked on the actual exam. Annotated answers to the review questions are provided in a separate appendix.

[bookmark: fm01list01]Example 0.1 Example Source Code



We encourage experimenting with the code examples in order to reinforce the material from
[image: graphics/ccc.gif] the book. These can be downloaded from the book Web site (see p. xxxv).

Java code is written in a mono-spaced font. Lines of code in the examples or in code
[image: graphics/ccc.gif] snippets are referenced in the text by a number, which is specified by using a single-line
[image: graphics/ccc.gif] comment in the code. For example, in the following code snippet, the call to the method
[image: graphics/ccc.gif] doSomethingInteresting() hopefully does something interesting at (1).


// ...
doSomethingInteresting();                                                 // (1)
// ...


Names of classes and interfaces start with an uppercase letter. Names of packages, variables, and methods start with a lowercase letter. Constants are all in uppercase letters.









[bookmark: fm01lev1sec5] Chapter Summary

[image: graphics/chsum_icon.gif]
Each chapter concludes with a summary of the topics, pointing out the major concepts discussed in the chapter.









[bookmark: fm01lev1sec6] Programming Exercises
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Programming exercises at the end of each chapter provide the opportunity to put concepts into practice. Solutions to the programming exercises are provided in a separate appendix.

[bookmark: fm01lev3sec1] Mock Exam

A complete mock exam is provided in a separate appendix, which the reader can try when she is ready. In addition, the accompanying CD contains several mock exams for the SCPJ2 1.4 exam.

[bookmark: fm01lev3sec2] Java 2 SDK and API Documentation



A vertical gray bar is used to highlight methods and fields found in the classes of the core Java APIs.

Any explanation following the API information is also similarly highlighted.

 

In order to obtain optimal benefit from using this book in preparing for the SCPJ2 exam, we strongly recommend installing the latest version (at least 1.4) of the SDK and its accompanying API documentation. The book focuses solely on Java 2, and does not acknowledge previous versions.

[bookmark: fm01lev3sec3] Java 2 Platform Upgrade Exam

For those who have taken the Sun Certified Programmer for Java 2 Platform 1.2 Exam, and would like to prepare for the Sun Certified Programmer for Java 2 Platform Upgrade Exam, we have provided an appendix with details of the upgrade exam. The appendix contains the upgrade exam objectives, and for each section of the syllabus, study notes are included to point the reader to topics essential for the upgrade exam. The accompanying CD contains mock exams for the upgrade exam.

[bookmark: fm01lev3sec4] Accompanying CD

The accompanying CD contains a wealth of information to help prepare for the exam, and provides numerous mock exams for the candidate to test her skills. The software included simulates near exam-like conditions in order to acquaint the candidate with the exam environment. Appendix H provides details about the contents of the CD.









[bookmark: fm01lev1sec7] Book Web Sites

This book is backed by Web sites providing auxiliary material:


http://www.ii.uib.no/~khalid/pgjc2e/

http://www.awprofessional.com/ (search for ISBN 0201728281)


The contents of the Web sites include the following:

	source code for all the examples and programming exercises in the book

	mock exam engine

	errata

	links to miscellaneous Java resources (certification, discussion groups, tools, etc.)



Information about the Java 2 SDK Standard Edition and its documentation can be found at the following Web site:


http://java.sun.com/j2se/


The current authoritative technical reference for the Java programming language, The Java Language Specification, Second Edition (also published by Addison-Wesley), can be found at this Web site:


http://java.sun.com/docs/books/jls/










[bookmark: fm01lev1sec8] Request for Feedback

Considerable effort has been made to ensure the accuracy of the contents of this book. Several Java professionals have proofread the manuscript. All code examples (including code fragments) have been compiled and tested on various platforms. In the final analysis, any errors remaining are the sole responsibility of the authors.

Any questions, comments, suggestions, and corrections are welcome. Whether the book was helpful or detrimental for your purpose, we would like your assessment. Any feedback is valuable. The authors can be reached by the following e-mail alias:


pgjc2e@ii.uib.no
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Chapter 1. Basics of Java Programming

[bookmark: ch01sb01]



	
Supplementary Objectives

	Introduce the basic terminology and concepts in object-oriented programming: classes, objects, references, fields, methods, members, inheritance, aggregation.

	Identify the essential elements of a Java application.

	Learn how to compile and run a Java application.














[bookmark: ch01lev1sec1]1.1 Introduction

Before embarking on the road to Java programmer certification, it is important to understand the basic terminology and concepts in object-oriented programming (OOP). In this chapter, the emphasis is on providing an introduction rather than an exhaustive coverage. In-depth coverage of the concepts follows in due course in subsequent chapters of the book.

Java supports the writing of many different kinds of executables: applications, applets, and servlets. The basic elements of a Java application are introduced in this chapter. The old adage that practice makes perfect is certainly true when learning a programming language. To encourage programming on the computer, the mechanics of compiling and running a Java application are outlined.









[bookmark: ch01lev1sec2]1.2 Classes

One of the fundamental ways in which we handle complexity is abstractions. An abstraction denotes the essential properties and behaviors of an object that differentiate it from other objects. The essence of OOP is modelling abstractions, using classes and objects. The hard part in this endeavour is finding the right abstractions.[bookmark: idd1e6126][bookmark: idd1e6129]

A class denotes a category of objects, and acts as a blueprint for creating such objects. A class models an abstraction by defining the properties and behaviors for the objects representing the abstraction. An object exhibits the properties and behaviors defined by its class. The properties of an object of a class are also called attributes, and are defined by fields in Java. A field in a class definition is a variable which can store a value that represents a particular property. The behaviors of an object of a class are also known as operations, and are defined using methods in Java. Fields and methods in a class definition are collectively called members.[bookmark: idd1e6156][bookmark: idd1e6165][bookmark: idd1e6168]

An important distinction is made between the contract and the implementation that a class provides for its objects. The contract defines what services, and the implementation defines how these services are provided by the class. Clients (i.e., other objects) only need to know the contract of an object, and not its implementation, in order to avail themselves of the object's services.[bookmark: idd1e6186][bookmark: idd1e6189]

As an example, we will implement different versions of a class that models the abstraction of a stack that can push and pop characters. The stack will use an array of characters to store the characters, and a field to indicate the top element in the stack. Using Unified Modeling Language (UML) notation, a class called CharStack is graphically depicted in Figure 1.1, which models the abstraction. Both fields and method names are shown in Figure 1.1a.[bookmark: idd1e6205][bookmark: idd1e4943][bookmark: idd1e6217]

[bookmark: ch01fig01]Figure 1.1. UML Notation for Classes
[bookmark: idd1e6228][bookmark: idd1e6235]

[image: graphics/01fig01.gif]

[bookmark: ch01lev2sec1] Declaring Members: Fields and Methods
[bookmark: idd1e6248][bookmark: idd1e6251]
Example 1.1 shows the definition of the class CharStack depicted in Figure 1.1. Its intention is to illustrate the salient features of a class definition in Java, and not effective implementation of stacks.

A class definition consists of a series of member declarations. In the case of the class CharStack, it has two fields:

	stackArray, which is an array to hold the elements of the stack (in this case characters)[bookmark: idd1e6281]

	topOfStack, which denotes the top element of the stack (i.e., index of the last character stored in the array)



The class CharStack has five methods that implement the essential operations on a stack:

	push() pushes a character on to the stack

	pop() removes and returns the top element of the stack

	peek() returns the top element of the stack for inspection

	isEmpty() determines whether the stack is empty

	isFull() determines whether the stack is full



The class definition also has a method-like declaration with the same name as the class, (2). Such declarations are called constructors. As we shall see, a constructor is executed when an object is created from the class. However, the implementation details in the example are not important for the present discussion.[bookmark: idd1e6334]

[bookmark: ch01list01]Example 1.1 Basic Elements of a Class Definition


// Source Filename: CharStack.java
public class CharStack {          // Class name
    // Class Declarations:

    // (1) Fields:
    private char[] stackArray;    // The array implementing the stack.
    private int    topOfStack;    // The top of the stack.

    // (2) Constructor:
    public CharStack(int n) { stackArray = new char[n]; topOfStack = -1; }

    // (3) Methods:
    public void push(char element) { stackArray[++topOfStack] = element; }
    public char pop()              { return stackArray[topOfStack--]; }
    public char peek()             { return stackArray[topOfStack]; }
    public boolean isEmpty()       { return topOfStack < 0; }
    public boolean isFull()        { return topOfStack == stackArray.length - 1; }
}










[bookmark: ch01lev1sec3]1.3 Objects

[bookmark: ch01lev2sec2] Class Instantiation

The process of creating objects from a class is called instantiation. An object is an instance of a class. The object is constructed using the class as a blueprint and is a concrete instance of the abstraction that the class represents. An object must be created before it can be used in a program. In Java, objects are manipulated through object references (also called reference values or simply references). The process of creating objects usually involves the following steps:[bookmark: idd1e6383][bookmark: idd1e6386][bookmark: idd1e6389][bookmark: idd1e6396][bookmark: idd1e6401][bookmark: idd1e6404][bookmark: idd1e5140]

[bookmark: ch01pr01]
	Declaration of a variable to store the object reference.[bookmark: idd1e6416]

This involves declaring a reference variable of the appropriate class to store the reference to the object.[bookmark: idd1e6429]


// Declaration of two reference variables that will denote
// two distinct objects, namely two stacks of characters, respectively.
CharStack stack1, stack2;



	Creating an object.

This involves using the new operator in conjunction with a call to a constructor, to create an instance of the class.[bookmark: idd1e6447]


// Create two distinct stacks of chars.
stack1 = new CharStack(10); // Stack length: 10 chars
stack2 = new CharStack(5);  // Stack length: 5 chars


The new operator returns a reference to a new instance of the CharStack class. This reference can be assigned to a reference variable of the appropriate class.

Each object has a unique identity and has its own copy of the fields declared in the class definition. The two stacks, denoted by stack1 and stack2, will have their own stackArray and topOfStack fields.[bookmark: idd1e6479]

The purpose of the constructor call on the right side of the new operator is to initialize the newly created object. In this particular case, for each new CharStack instance created using the new operator, the constructor creates an array of characters. The length of this array is given by the value of the argument to the constructor. The constructor also initializes the topOfStack field.[bookmark: idd1e6501]


The declaration and the instantiation can also be combined:


CharStack stack1 = new CharStack(10),
          stack2 = new CharStack(5);


Figure 1.2 shows the UML notation for objects. The graphical representation of an object is very similar to that of a class. Figure 1.2 shows the canonical notation, where the name of the reference variable denoting the object is prefixed to the class name with a colon ':'. If the name of the reference variable is omitted, as in Figure 1.2b, this denotes an anonymous object. Since objects in Java do not have names, but are denoted by references, a more elaborate notation is shown in Figure 1.2c, where objects representing references of CharStack class explicitly refer to CharStack objects. In most cases, the more compact notation will suffice.

[bookmark: ch01fig02]Figure 1.2. UML Notation for Objects
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[bookmark: ch01lev2sec3] Object References

A reference provides a handle to an object that is created and stored in memory. In Java, objects can only be manipulated via references, which can be stored in variables. An object can have several references, often called its aliases. The object can be manipulated via any one of its aliases.[bookmark: idd1e6564][bookmark: idd1e6567][bookmark: idd1e6572]


// Create two distinct stacks of chars.
CharStack stackA = new CharStack(12); // Stack length: 12 chars
CharStack stackB = new CharStack(6);  // Stack length: 6 chars

stackB = stackA;                      // (1) aliases after assignment
// Stack previously referenced by stackB can now be garbage collected.


Two stacks are created in the code above. Before the assignment at (1), the situation is as depicted in Figure 1.3a. After the assignment at (1), reference variables stackA and stackB will denote the same stack, as depicted in Figure 1.3b. Reference variables stackA and stackB are aliases after the assignment, as they refer to the same object. What happens to the stack object that was denoted by the reference variable stackB before the assignment? When objects are no longer in use, their memory is, if necessary, reclaimed and reallocated for other objects. This is called automatic garbage collection. Garbage collection in Java is taken care of by the runtime system.[bookmark: idd1e6611]

[bookmark: ch01fig03]Figure 1.3. Aliases


[image: graphics/01fig03.gif]









[bookmark: ch01lev1sec4]1.4 Instance Members

Each object created will have its own copies of the fields defined in its class. The fields of an object are called instance variables. The values of the instance variables in an object comprise its state. Two distinct objects can have the same state, if their instance variables have the same values. The methods of an object define its behavior. These methods are called instance methods. It is important to note that these methods pertain to each object of the class. This should not be confused with the implementation of the methods, which is shared by all instances of the class. Instance variables and instance methods, which belong to objects, are collectively called instance members, to distinguish them from static members, which only belong to the class. Static members are discussed in Section 1.5.[bookmark: idd1e6655][bookmark: idd1e6658][bookmark: idd1e6665][bookmark: idd1e6668][bookmark: idd1e6673]

[bookmark: ch01lev2sec4] Invoking Methods

Objects communicate by message passing. This means that an object can be made to exhibit a particular behavior by invoking the appropriate operation on the object. In Java, this is done by calling a method on the object using the binary infix dot '.' operator. A method call spells out the complete message: the object that is the receiver of the message, the method to be invoked, and the arguments to the method, if any. The method invoked on the receiver can also send information back to the sender, via a return value. The method called must be one that is defined for the object.[bookmark: idd1e6701][bookmark: idd1e6704][bookmark: idd1e6709][bookmark: idd1e6712][bookmark: idd1e6717]


CharStack stack = new CharStack(5);      // Create a stack
stack.push('J');            // (1) Character 'J' pushed
char c = stack.pop();       // (2) One character popped and returned: 'J'
stack.printStackElements(); // (3) Compile time error: No such method in CharStack


The sample code above invokes methods on the object denoted by the reference variable stack. The method call at (1) pushes one character on the stack, and the method call at (2) pops one character off the stack. Both push() and pop() methods are defined in the class CharStack. The push() method does not return any value, but the pop() method returns the character popped. Trying to invoke a method printStackElements() on the stack results in a compile-time error, as no such method is defined in the class CharStack.

The dot '.' notation also can be used with a reference to access fields of an object. The use of the dot notation is governed by the accessibility of the member. The fields in class CharStack have private accessibility, indicating that they are not accessible from outside the class:[bookmark: idd1e6767]


stack.topOfStack++;     // Compile time error: topOfStack is a private field.










[bookmark: ch01lev1sec5]1.5 Static Members

In some cases, certain members should only belong to the class, and not be part of any object created from the class. An example of such a situation is when a class wants to keep track of how many objects of the class have been created. Defining a counter as an instance variable in the class definition for tracking the number of objects created, does not solve the problem. Each object created will have its own counter field. Which counter should then be updated? The solution is to declare the counter field as being static. Such a field is called a static variable. It belongs to the class, and not to any object of the class. A static variable is initialized when the class is loaded at runtime. Similarly, a class can have static methods that belong only to the class, and not to any objects of the class. Static variables and static methods are collectively known as static members, and are distinguished from instance members in a class definition by the keyword static in their declaration.[bookmark: idd1e6804][bookmark: idd1e5542][bookmark: idd1e6816][bookmark: idd1e6821][bookmark: idd1e5559]

Figure 1.4 shows the class diagram for the class CharStack. It has been augmented by two static members that are shown underlined. The augmented definition of the CharStack class is given in Example 1.2. The field counter is a static variable declared at (1). It will be allocated and initialized to the default value 0 when the class is loaded. Each time an object of the CharStack class is created, the constructor at (2) is executed. The constructor explicitly increments the counter in the class. The method getInstanceCount() at (3) is a static method belonging to the class. It returns the counter value when called.[bookmark: idd1e5590]

[bookmark: ch01fig04]Figure 1.4. Class Diagram Showing Static Members of a Class
[bookmark: idd1e6868]

[image: graphics/01fig04.gif]

Figure 1.5 shows the classification of the members in class CharStack using the terminology we have introduced so far. Table 1.1 at the end of this section, provides a summary of the terminology used in defining members of a class.

[bookmark: ch01list02]Example 1.2 Static Members in Class Definition


// Source Filename CharStack.java
public class CharStack {
    // Instance variables
    private char[] stackArray;  // The array implementing the stack.
    private int    topOfStack;  // The top of the stack.

    // Static variable
    private static int counter;                                      // (1)

    // Constructor now increments the counter for each object created.
    public CharStack(int capacity) {                                 // (2)
        stackArray = new char[capacity];
        topOfStack = -1;
        counter++;
    }

    // Instance methods
    public void push(char element) { stackArray[++topOfStack] = element; }
    public char pop()              { return stackArray[topOfStack--]; }
    public char peek()             { return stackArray[topOfStack]; }
    public boolean isEmpty()       { return topOfStack < 0; }
    public boolean isFull()        { return topOfStack == stackArray.length - 1; }

    // Static method                                                    (3)
    public static int getInstanceCount() { return counter; }
}


[bookmark: ch01fig05]Figure 1.5. Members of a Class
[bookmark: idd1e6908]

[image: graphics/01fig05.jpg]

Clients can access static members in the class by using the class name. The following code invokes the getInstanceCount() method in the class CharStack:[bookmark: idd1e6926]


int count = CharStack.getInstanceCount(); // Class name to invoke static method


Static members can also be accessed via object references:[bookmark: idd1e6941]


CharStack stack1 = new CharStack(10);
int count1 = stack1.getInstanceCount();   // Reference invokes static method


Static members in a class can be accessed both by the class name and via object references, but instance members can only be accessed by object references.

[bookmark: ch01table01]Table 1.1. Terminology for Class Members
	Instance Members[bookmark: idd1e6975]
	These are instance variables and instance methods of an object. They can only be accessed or invoked through an object reference.

	Instance Variable[bookmark: idd1e6990]
	A field that is allocated when the class is instantiated, that is, when an object) of the class is created. Also called non-static field.[bookmark: idd1e7003]

	Instance Method[bookmark: idd1e7012]
	A method that belongs to an instance of the class. Objects of the same class share its implementation.

	Static Members[bookmark: idd1e7027]
	These are static variables and static methods of a class. They can be accessed or invoked either by using the class name or through an object reference.

	Static Variable[bookmark: idd1e7040]
	A field that is allocated when the class is loaded. It belongs to the class and not to any object of the class. Also called static field and class variable.[bookmark: idd1e7055][bookmark: idd1e7058]

	Static Method[bookmark: idd1e7067]
	A method which belongs to the class and not to any object of the class. Also called class method.[bookmark: idd1e7080]












[bookmark: ch01lev1sec6]1.6 Inheritance

There are two fundamental mechanisms for building new classes from existing ones: inheritance and aggregation. It makes sense to inherit from an existing class Vehicle to define a class Car, since a car is a vehicle. The class Vehicle has several parts; therefore, it makes sense to define a composite object of class Vehicle that has constituent objects of such classes as Motor, Axle, and GearBox, which make up a vehicle.[bookmark: idd1e7135][bookmark: idd1e7140][bookmark: idd1e7143][bookmark: idd1e7146][bookmark: idd1e7149][bookmark: idd1e7152][bookmark: idd1e7155]

Inheritance is illustrated by an example that implements a stack of characters that can print its elements on the terminal. This new stack has all the properties and behaviors of the CharStack class, but it also has the additional capability of printing its elements. Given that this printable stack is a stack of characters, it can be derived from the CharStack class. This relationship is shown in Figure 1.6. The class PrintableCharStack is called the subclass, and the class CharStack is called the superclass. The CharStack class is a generalization for all stacks of characters, whereas the class PrintableCharStack is a specialization of stacks of characters that can also print their elements.[bookmark: idd1e7195][bookmark: idd1e7200][bookmark: idd1e7205][bookmark: idd1e7208]

[bookmark: ch01fig06]Figure 1.6. Class Diagram Depicting Inheritance Relation
[bookmark: idd1e7215]

[image: graphics/01fig06.gif]

In Java, deriving a new class from an existing class requires the use of the extends clause in the subclass definition. A subclass can extend only one superclass. The subclass inherits members of the superclass. The following code fragment implements the PrintableCharStack class:


class PrintableCharStack extends CharStack {                          // (1)
    // Instance method
    public void printStackElements() {                                // (2)
        // ... implementation of the method...
    }

    // The constructor calls the constructor of the superclass explicitly.
    public PrintableCharStack(int capacity) { super(capacity); }      // (3)
}


The PrintableCharStack class extends the CharStack class at (1). Implementing the printStackElements() method in the PrintableCharStack class requires access to the field stackArray from the superclass CharStack. However, this field is private and therefore not accessible in the subclass. The subclass can access these fields if the accessibility of the fields is changed to protected in the CharStack class. Example 1.3 uses a version of the class CharStack, which has been modified accordingly. Implementation of the printStackElements() method is shown at (2). The constructor of the PrintableCharStack class at (3) calls the constructor of the superclass CharStack in order to initialize the stack properly.[bookmark: idd1e7287][bookmark: idd1e7290][bookmark: idd1e7293][bookmark: idd1e7296]

[bookmark: ch01list03]Example 1.3 Defining a Subclass


// Source Filename: CharStack.java
public class CharStack {
    // Instance variables
    protected char[] stackArray;  // The array that implements the stack.
    protected int    topOfStack;  // The top of the stack.

    // The rest of the definition is the same as in Example 1.2.
}

// Source Filename: PrintableCharStack.java
public class PrintableCharStack extends CharStack {                   // (1)
    // Instance method
    public void printStackElements() {                                // (2)
        for (int i = 0; i <= topOfStack; i++)
            System.out.print(stackArray[i]); // print each char on terminal
        System.out.println();
    }
    // Constructor calls the constructor of the superclass explicitly.
    PrintableCharStack(int capacity) { super(capacity); }             // (3)
}


Objects of the PrintableCharStack class will respond just like the objects of the CharStack class, but they will also have the additional functionality defined in the subclass:[bookmark: idd1e7322]


PrintableCharStack aPrintableCharStack = new PrintableCharStack(3);
aPrintableCharStack.push('H');
aPrintableCharStack.push('i');
aPrintableCharStack.push('!');
aPrintableCharStack.printStackElements();    // Prints "Hi!" on the terminal










[bookmark: ch01lev1sec7]1.7 Aggregation

When building new classes from existing classes using aggregation, a composite object is built from other constituent objects that are its parts.[bookmark: idd1e7340][bookmark: idd1e7343]

Java supports aggregation of objects by reference, since objects cannot contain other objects explicitly. The fields can only contain values of primitive data types or references to other objects. Each object of the CharStack class has a field to store the reference to an array object that holds the characters. Each stack object also has a field of primitive data type int to store the index value that denotes the top of stack. This is reflected in the definition of the CharStack class, which contains an instance variable for each of these parts. In contrast to the constituent objects whose references are stored in fields, the values of primitive data types are stored in the fields of the composite object. The aggregation relationship is depicted by the UML diagram in Figure 1.7, showing that each object of the CharStack class will have one array object of char associated with it.[bookmark: idd1e7373]

[bookmark: ch01fig07]Figure 1.7. Class Diagram Depicting Aggregation


[image: graphics/01fig07.gif]









[bookmark: ch01lev1sec8]1.8 Tenets of Java

	Code in Java must be encapsulated in classes.

	There are two kinds of values in Java: object references and atomic values of primitive types.[bookmark: idd1e7400][bookmark: idd1e7403]

	References denote objects that are created from classes.

	Objects can only be manipulated via references.[bookmark: idd1e7414]

	Objects in Java cannot contain other objects; they can only have references to other objects.[bookmark: idd1e7421]

	Deletion of objects is managed by the runtime system.











[bookmark: ch01lev1sec9] Review Questions

[image: graphics/rq_icon.gif]
	[bookmark: ch01qa1q1]1.1	
Which statement is true about a method?

Select the one correct answer.

	A method is an implementation of an abstraction.


	A method is an attribute defining the property of a particular abstraction.

	A method is a category of objects.

	A method is an operation defining the behavior for a particular abstraction.

	A method is a blueprint for making operations.


	[bookmark: ch01qa1q2]1.2	
Which statement is true about an object?

Select the one correct answer.

	An object is what classes are instantiated from.


	An object is an instance of a class.

	An object is a blueprint for creating concrete realization of abstractions.

	An object is a reference to an attribute.

	An object is a variable.


	[bookmark: ch01qa1q3]1.3	
Which line contains a constructor in this class definition?


public class Counter {                                               // (1)
    int current, step;

    public Counter(int startValue, int stepValue) {                  // (2)
        set(startValue);
        setStepValue(stepValue);
    }

    public int get() { return current; }                             // (3)

    public void set(int value) { current = value; }                  // (4)

    public void setStepValue(int stepValue) { step = stepValue; }    // (5)
}


Select the one correct answer.

	Code marked with (1) is a constructor.


	Code marked with (2) is a constructor.

	Code marked with (3) is a constructor.

	Code marked with (4) is a constructor.

	Code marked with (5) is a constructor.


	[bookmark: ch01qa1q4]1.4	
Given that Thing is a class, how many objects and how many reference variables are created by the following code?


Thing item, stuff;
item = new Thing();
Thing entity = new Thing();


Select the two correct answers.

	One object is created.


	Two objects are created.

	Three objects are created.

	One reference variable is created.

	Two reference variables are created.

	Three reference variables are created.


	[bookmark: ch01qa1q5]1.5	
Which statement is true about an instance method?

Select the one correct answer.

	An instance member is also called a static member.


	An instance member is always a field.

	An instance member is never a method.

	An instance member belongs to an instance, not to the class as a whole.

	An instance member always represents an operation.


	[bookmark: ch01qa1q6]1.6	
How do objects pass messages in Java?

Select the one correct answer.

	They pass messages by modifying each other's fields.


	They pass messages by modifying the static variables of each other's classes.

	They pass messages by calling each other's instance methods.

	They pass messages by calling static methods of each other's classes.


	[bookmark: ch01qa1q7]1.7	
Given the following code, which statements are true?


class A {
    int value1;
}

class B extends A {
    int value2;
}


Select the two correct answers.

	Class A extends class B.


	Class B is the superclass of class A.

	Class A inherits from class B.

	Class B is a subclass of class A.

	Objects of class A have a field named value2.

	Objects of class B have a field named value1.













[bookmark: ch01lev1sec10]1.9 Java Programs

A Java program is a collection of one or more classes, with one of them containing the program's execution starting point. A Java source file can contain more than one class definition. The Java 2 SDK enforces the rule that at the most one class in the source file has public accessibility. The name of the source file is comprised of the name of this public class with .java as extension. Each class definition in a source file is compiled into a separate class file, containing Java byte code. The name of this file is comprised of the name of the class with .class as an extension. All programs must be compiled before they can be run. The Java 2 SDK provides tools for this purpose, as explained in 1.10 Sample Java Application.[bookmark: idd1e7926][bookmark: idd1e7931][bookmark: idd1e7936][bookmark: idd1e7941][bookmark: idd1e7944][bookmark: idd1e7947][bookmark: idd1e7950]









[bookmark: ch01lev1sec11]1.10 Sample Java Application

An application is what is normally called a program: source code that is compiled and directly executed. In order to create an application in Java, the program must have a class that defines a method called main. The main() method in the class is the starting point for the execution of any application.[bookmark: idd1e7978][bookmark: idd1e7981]

[bookmark: ch01lev2sec5] Essential Elements of a Java Application

Example 1.4 is an example of an application in which a client uses the CharStack class to reverse a string of characters.[bookmark: idd1e7999]

[bookmark: ch01list04]Example 1.4 An Application


// Source Filename: Client.java
public class Client {

    public static void main(String[] args) {

        // Create a stack
        CharStack stack = new CharStack(40);

        // Create a string to push on the stack
        String str = "!no tis ot nuf era skcatS";
        int length = str.length();
        System.out.println("Original string: " + str);

        // Push the string char by char onto the stack
        for (int i = 0; i<length; i++) {
            stack.push(str.charAt(i));
        }

        System.out.print("Reversed string: ");
        // Pop and print each char from the stack
        while (!stack.isEmpty()) {
            System.out.print(stack.pop());
        }
        System.out.println();
    }
}

// Source Filename: CharStack.java
public class CharStack {
    // Same as in Example 1.2.
}


Output from the program:


Original string: !no tis ot nuf era skcatS
Reversed string: Stacks are fun to sit on!


The public class Client defines a method with the name main. To start the application, the main() method in this public class is invoked by the Java interpreter, also called the Java Virtual Machine (JVM). The main() method should be declared as follows:[bookmark: idd1e6770][bookmark: idd1e8040][bookmark: idd1e6776][bookmark: idd1e8050]


public static void main(String[] args) {
    // ...
}


The main() method has public accessibility, that is, it is accessible from any class. The keyword static means the method belongs to the class. The keyword void means the method does not return any value. The parameter list, String[] args, is an array of strings used to pass information to the main() method when the application is started.[bookmark: idd1e8079][bookmark: idd1e8082][bookmark: idd1e8085][bookmark: idd1e8090]

[bookmark: ch01lev2sec6] Compiling and Running an Application

Java source files can be compiled using the Java compiler tool javac, which is part of the Java 2 SDK.[bookmark: idd1e8108][bookmark: idd1e8111][bookmark: idd1e8118]

The source file Client.java contains the definition of the Client class. The source file can be compiled by giving the following input at the command line:


>javac Client.java


This creates the class file, Client.class, containing the Java byte code for the Client class. The Client class uses the CharStack class, and if the file CharStack.class does not already exist, the compiler will also compile the source file CharStack.java.

Compiled classes can be executed by the Java interpreter java, which is also part of the Java 2 SDK. Example 1.4 can be run by giving the following input at the command line:[bookmark: idd1e8169]


>java Client


Note that only the name of the class is specified, resulting in starting the execution of the main() method from the specified class. The application in Example 1.4 terminates when the execution of the main() method is completed.[bookmark: idd1e8194]









[bookmark: ch01lev1sec12] Review Questions

[image: graphics/rq_icon.gif]
	[bookmark: ch01qa2q1]1.8	
What command in the Java 2 SDK should be used to compile the following code contained in a file called SmallProg.java?


public class SmallProg {
    public static void main(String[] args) { System.out.println("Good luck!"); }
}


Select the one correct answer.

	java SmallProg


	javac SmallProg

	java SmallProg.java

	javac SmallProg.java

	java SmallProg main


	[bookmark: ch01qa2q2]1.9	
What command in the Java 2 SDK should be used to execute the main() method of a class named SmallProg?

Select the one correct answer.

	java SmallProg


	javac SmallProg

	java SmallProg.java

	java SmallProg.class

	java SmallProg.main()













[bookmark: ch01lev1sec13] Chapter Summary

[image: graphics/chsum_icon.gif]
The following topics were discussed in this chapter:

	basic concepts in OOP, and how they are supported in Java

	essential elements of a Java application

	compiling and running Java applications











[bookmark: ch01lev1sec14] Programming Exercises

[image: graphics/pe_icon.gif]
	[bookmark: ch01qa3q1]1.1	
Modify the program from Example 1.4 to use the PrintableCharStack class, rather than the CharStack class. Utilize the printStackElements() method from the PrintableCharStack class. Is the new program behavior-wise any different from Example 1.4?











Chapter 2. Language Fundamentals

[bookmark: ch02sb01]



	
Exam Objectives

	Identify correctly constructed package declarations, import statements, class declarations (of all forms, including inner classes), interface declarations, method declarations (including the main method that is used to start execution of a class), variable declarations, and identifiers.
	For defining and using packages, see Section 4.6.

	For class declarations, see Section 4.2.

	For nested classes, see Chapter 7.

	For interface declarations, see Section 6.4.

	For method declarations, see Section 4.3.



	Identify classes that correctly implement an interface where that interface is either java.lang.Runnable or a fully specified interface in the question.
	For interface implementation, see Section 6.4.

	For implementation of java.lang.Runnable, see Section 9.3.



	State the correspondence between index values in the argument array passed to a main method and command line arguments.
	See Section 3.23.



	Identify all Java programming language keywords. Note: There will not be any questions regarding esoteric distinctions between keywords and manifest constants.[bookmark: idd1e8559]

	State the effect of using a variable or array element of any kind, when no explicit assignment has been made to it.
	For array elements, see Section 4.1.



	State the range of all primitive data types, and declare literal values for String and all primitive types using all permitted formats, bases and representations.
	See also Appendix G.








[bookmark: ch02sb02]



	
Supplementary Objectives

	State the wrapper classes for primitive data types.














[bookmark: ch02lev1sec1]2.1 Basic Language Elements

Like any other programming language, the Java programming language is defined by grammar rules that specify how syntactically legal constructs can be formed using the language elements, and by a semantic definition that specifies the meaning of syntactically legal constructs.[bookmark: idd1e8625][bookmark: idd1e8628][bookmark: idd1e8631][bookmark: idd1e8634]

[bookmark: ch02lev2sec1] Lexical Tokens
[bookmark: idd1e8641]
The low-level language elements are called lexical tokens (or just tokens for short) and are the building blocks for more complex constructs. Identifiers, numbers, operators, and special characters are all examples of tokens that can be used to build high-level constructs like expressions, statements, methods, and classes.[bookmark: idd1e8653][bookmark: idd1e8656]

[bookmark: ch02lev2sec2] Identifiers
[bookmark: idd1e8665]
A name in a program is called an identifier. Identifiers can be used to denote classes, methods, variables, and labels.[bookmark: idd1e8674]

In Java an identifier is composed of a sequence of characters, where each character can be either a letter, a digit, a connecting punctuation (such as underscore _), or any currency symbol (such as $, ¢, ¥, or £). However, the first character in an identifier cannot be a digit. Since Java programs are written in the Unicode character set (see p. 23), the definitions of letter and digit are interpreted according to this character set.[bookmark: idd1e8713][bookmark: idd1e8716]

Identifiers in Java are case sensitive, for example, price and Price are two different identifiers.[bookmark: idd1e8728]

[bookmark: ch02lev3sec1] Examples of Legal Identifiers:


number, Number, sum_$, bingo, $$_100, mål, grüß


[bookmark: ch02lev3sec2] Examples of Illegal Identifiers:


48chevy, all@hands, grand-sum


The name 48chevy is not a legal identifier as it starts with a digit. The character @ is not a legal character in an identifier. It is also not a legal operator so that all@hands cannot not be interpreted as a legal expression with two operands. The character - is also not a legal character in an identifier. However, it is a legal operator so grand-sum could be interpreted as a legal expression with two operands.

[bookmark: ch02lev2sec3] Keywords

Keywords are reserved identifiers that are predefined in the language and cannot be used to denote other entities. All the keywords are in lowercase, and incorrect usage results in compilation errors.[bookmark: idd1e8776][bookmark: idd1e8779][bookmark: idd1e8784]

Keywords currently defined in the language are listed in Table 2.1. In addition, three identifiers are reserved as predefined literals in the language: the null reference and the Boolean literals true and false (see Table 2.2). Keywords currently reserved, but not in use, are listed in Table 2.3. All these reserved words cannot be used as identifiers. The index contains references to relevant sections where currently defined keywords are explained.[bookmark: idd1e8816][bookmark: idd1e8819][bookmark: idd1e8824][bookmark: idd1e8831]

[bookmark: ch02table01]Table 2.1. Keywords in Java
	abstract
	default
	implements
	protected
	throw

	assert
	do
	import
	public
	throws

	boolean
	double
	instanceof
	return
	transient

	break
	else
	int
	short
	try

	byte
	extends
	interface
	static
	void

	case
	final
	long
	strictfp
	volatile

	catch
	finally
	native
	super
	while

	char
	float
	new
	switch
	 
	class
	for
	package
	synchronized
	 
	continue
	if
	private
	this
	 



[bookmark: ch02table02]Table 2.2. Reserved Literals in Java
	null
	true
	false




[bookmark: ch02table03]Table 2.3. Reserved Keywords not Currently in Use
	const[bookmark: idd1e9165][bookmark: idd1e9170]
	goto[bookmark: idd1e9180]




[bookmark: ch02lev2sec4] Literals

A literal denotes a constant value, that is, the value a literal represents remains unchanged in the program. Literals represent numerical (integer or floating-point), character, boolean or string values. In addition, there is the literal null that represents the null reference.[bookmark: idd1e9196][bookmark: idd1e9199][bookmark: idd1e9202][bookmark: idd1e9207][bookmark: idd1e9212][bookmark: idd1e9215][bookmark: idd1e9218]

[bookmark: ch02table04]Table 2.4. Examples of Literals
	Integer
	

2000    0      -7


	Floating-point
	

3.14    -3.14  .5     0.5


	Character
	

'a'     'A'    '0'    ':'    '-'    ')'


	Boolean
	

true    false


	String
	

"abba"  "3.14"  "for"  "a piece of the action"





[bookmark: ch02lev2sec5] Integer Literals
[bookmark: idd1e9291][bookmark: idd1e9296]
Integer data types are comprised of the following primitive data types: int, long, byte, and short (see Section 2.2).[bookmark: idd1e9320][bookmark: idd1e8057][bookmark: idd1e9328][bookmark: idd1e9331][bookmark: idd1e9336][bookmark: idd1e9339][bookmark: idd1e9344][bookmark: idd1e9347]

The default data type of an integer literal is always int, but it can be specified as long by appending the suffix L (or l) to the integer value. Without the suffix, the long literals 2000L and 0l will be interpreted as int literals. There is no direct way to specify a short or a byte literal.[bookmark: idd1e9385][bookmark: idd1e9390][bookmark: idd1e9395][bookmark: idd1e9400]

In addition to the decimal number system, integer literals can also be specified in octal (base 8) and hexadecimal (base 16) number systems. Octal and hexadecimal numbers are specified with 0 and 0x (or 0X) prefix respectively. Examples of decimal, octal and hexadecimal literals are shown in Table 2.5. Note that the leading 0 (zero) digit is not the uppercase letter O. The hexadecimal digits from a to f can also be specified with the corresponding uppercase forms (A to F). Negative integers (e.g. -90) can be specified by prefixing the minus sign (-) to the magnitude of the integer regardless of number system (e.g., -0132 or -0X5A). Number systems and number representation are discussed in Appendix G. Java does not support literals in binary notation.[bookmark: idd1e9467][bookmark: idd1e9472][bookmark: idd1e9477][bookmark: idd1e9482][bookmark: idd1e9487][bookmark: idd1e9492][bookmark: idd1e9497][bookmark: idd1e9500]

[bookmark: ch02table05]Table 2.5. Examples of Decimal, Octal, and Hexadecimal Literals
	Decimal
	Octal
	Hexadecimal

	8
	010
	0x8

	10L
	012L
	0XaL

	16
	020
	0x10

	27
	033
	0x1B

	90L
	0132L
	0x5aL

	-90
	-0132
	-0X5A

	2147483647 (i.e., 231-1)
	017777777777
	0x7fffffff

	-2147483648 (i.e., -231)
	-020000000000
	-0x80000000

	1125899906842624L (i.e., 250)
	040000000000000000L
	0x4000000000000L




[bookmark: ch02lev2sec6] Floating-point Literals
[bookmark: idd1e9709]
Floating-point data types come in two flavors: float or double.[bookmark: idd1e9723][bookmark: idd1e9728]

The default data type of a floating-point literal is double, but it can be explicitly designated by appending the suffix D (or d) to the value. A floating-point literal can also be specified to be a float by appending the suffix F (or f).[bookmark: idd1e9754][bookmark: idd1e9759][bookmark: idd1e9764][bookmark: idd1e9769]

Floating-point literals can also be specified in scientific notation, where E (or e) stands for Exponent. For example, the double literal 194.9E-2 in scientific notation is interpreted as 194.9*10-2 (i.e., 1.949).[bookmark: idd1e9800][bookmark: idd1e9805]

[bookmark: ch02lev3sec3] Examples of double Literals


0.0       0.0d       0D
0.49      .49        .49D
49.0      49.        49D
4.9E+1    4.9E+1D    4.9e1d   4900e-2  .49E2


[bookmark: ch02lev3sec4] Examples of float Literals


0.0F      0f
0.49F     .49F
49.0F     49.F       49F
4.9E+1F   4900e-2f   .49E2F


Note that the decimal point and the exponent are optional and that at least one digit must be specified.

[bookmark: ch02lev2sec7] Boolean Literals
[bookmark: idd1e9839]
The primitive data type boolean represents the truth-values true or false that are denoted by the reserved literals true or false, respectively.[bookmark: idd1e9862][bookmark: idd1e9865][bookmark: idd1e9872]

[bookmark: ch02lev2sec8] Character Literals
[bookmark: idd1e9883][bookmark: idd1e9888]
A character literal is quoted in single-quotes ('). All character literals have the primitive data type char.[bookmark: idd1e9902][bookmark: idd1e9907]

Characters in Java are represented by the 16-bit Unicode character set, which subsumes the 8-bit ISO-Latin-1 and the 7-bit ASCII characters. In Table 2.6, note that digits (0 to 9), upper-case letters (A to Z), and lower-case letters (a to z) have contiguous Unicode values. Any Unicode character can be specified as a four-digit hexadecimal number (i.e., 16 bits) with the prefix \u.[bookmark: idd1e9938][bookmark: idd1e9941][bookmark: idd1e9946][bookmark: idd1e9951]

[bookmark: ch02table06]Table 2.6. Examples of Unicode Values
	Character Literal
	Character Literal using Unicode value
	Character

	' '
	'\u0020'
	Space

	'0'
	'\u0030'
	0

	'1'
	'\u0031'
	1

	'9'
	'\u0039'
	9

	'A'
	'\u0041'
	A

	'B'
	'\u0042'
	B

	'Z'
	'\u005a'
	Z

	'a'
	'\u0061'
	a

	'b'
	'\u0062'
	b

	'z'
	'\u007a'
	z

	'Ñ'
	'\u0084'
	Ñ

	'å'
	'\u008c'
	å

	'ß'
	'\u00a7'
	ß




[bookmark: ch02lev3sec5] Escape Sequences

Certain escape sequences define special character values as shown in Table 2.7. These escape sequences can be single-quoted to define character literals. For example, the character literals '\t' and '\u0009' are equivalent. However, the character literals '\u000a' and '\u000d' should not be used to represent newline and carriage return in the source code. These values are interpreted as line-terminator characters by the compiler, and will cause compile time errors. One should use the escape sequences '\n' and '\r', respectively, for correct interpretation of these characters in the source code.[bookmark: idd1e10242][bookmark: idd1e10249]

[bookmark: ch02table07]Table 2.7. Escape Sequences
	Escape Sequence
	Unicode Value
	Character

	\b
	\u0008
	Backspace (BS)[bookmark: idd1e10301][bookmark: idd1e10304]

	\t
	\u0009
	Horizontal tab (HT or TAB)[bookmark: idd1e10323][bookmark: idd1e10326][bookmark: idd1e10329]

	\n
	\u000a
	Linefeed (LF) a.k.a., Newline (NL)[bookmark: idd1e10348][bookmark: idd1e10351][bookmark: idd1e10354][bookmark: idd1e10357]

	\f
	\u000c
	Form feed (FF)[bookmark: idd1e10376][bookmark: idd1e10379]

	\r
	\u000d
	Carriage return (CR)[bookmark: idd1e10398][bookmark: idd1e10401]

	\'
	\u0027
	Apostrophe-quote[bookmark: idd1e10420]

	\"
	\u0022
	Quotation mark[bookmark: idd1e10439]

	\\
	\u005c
	Backslash[bookmark: idd1e10458]




We can also use the escape sequence \ddd to specify a character literal by octal value, where each digit d can be any octal digit (0�7), as shown in Table 2.8. The number of digits must be three or fewer, and the octal value cannot exceed \377, that is, only the first 256 characters can be specified with this notation.

[bookmark: ch02table08]Table 2.8. Examples of Escape Sequence \ddd
	Escape Sequence \ddd
	Character Literal

	'\141'
	'a'

	'\46'
	'&'

	'\60'
	'0'




[bookmark: ch02lev2sec9] String Literals

A string literal is a sequence of characters, which must be quoted in quotation marks and which must occur on a single line. All string literal are objects of the class String (see Section 10.5, p. 407).[bookmark: idd1e10572][bookmark: idd1e10577]

Escape sequences as well as Unicode values can appear in string literals:


"Here comes a tab.\t And here comes another one\u0009!                    (1)
"What's on the menu?"                                                     (2)
"\"String literals are double-quoted.\""                                  (3)
"Left!\nRight!"                                                           (4)


In (1), the tab character is specified using the escape sequence and the Unicode value respectively. In (2), the single apostrophe need not be escaped in strings, but it would be if specified as a character literal('\''). In (3), the double apostrophes in the string must be escaped. In (4), we use the escape sequence \n to insert a newline. Printing these strings would give the following result:


Here comes a tab.    And here comes another one    !
What's on the menu?
"String literals are double-quoted."
Left!
Right!


One should also use the string literals "\n" and "\r", respectively, for correct interpretation of the characters "\u000a" and "\u000d" in the source code.

[bookmark: ch02lev2sec10] White Spaces
[bookmark: idd1e10622]
A white space is a sequence of spaces, tabs, form feeds, and line terminator characters in a Java source file. Line terminators can be newline, carriage return, or carriage return-newline sequence.[bookmark: idd1e10631][bookmark: idd1e10634][bookmark: idd1e10639][bookmark: idd1e10642][bookmark: idd1e10645]

A Java program is a free-format sequence of characters that is tokenized by the compiler, that is, broken into a stream of tokens for further analysis. Separators and operators help to distinguish tokens, but sometimes white space has to be inserted explicitly as separators. For example, the identifier classRoom will be interpreted as a single token, unless white space is inserted to distinguish the keyword class from the identifier Room.

White space aids not only in separating tokens, but also in formatting the program so that it is easy for humans to read. The compiler ignores the white spaces once the tokens are identified.[bookmark: idd1e10665]

[bookmark: ch02lev2sec11] Comments
[bookmark: idd1e10674]
A program can be documented by inserting comments at relevant places. These comments are for documentation purposes and are ignored by the compiler.[bookmark: idd1e9413]

Java provides three types of comments to document a program:

	
A single-line comment: 
// ... to the end of the line[bookmark: idd1e10704]

	
A multiple-line comment: 
/* ... */[bookmark: idd1e10719]

	
A documentation (Javadoc) comment: 
/** ... */[bookmark: idd1e10734]



[bookmark: ch02lev3sec6] Single-line Comment

All characters after the comment-start sequence // through to the end of the line constitute a single-line comment.[bookmark: idd1e10752]


// This comment ends at the end of this line.
int age;        // From comment-start sequence to the end of the line is a comment.


[bookmark: ch02lev3sec7] Multiple-line Comment

A multiple-line comment, as the name suggests, can span several lines. Such a comment starts with /* and ends with */.[bookmark: idd1e10776]


/*  A comment
    on several
    lines.
*/


The comment-start sequences (//, /*, /**) are not treated differently from other characters when occurring within comments, and are thus ignored. This means trying to nest multiple-line comments will result in compile time error:


/*  Formula for alchemy.
    gold = wizard.makeGold(stone);
    /* But it only works on Sundays. */
*/


The second occurrence of the comment-start sequence /* is ignored. The last occurrence of the sequence */ in the code is now unmatched, resulting in a syntax error.

[bookmark: ch02lev3sec8] Documentation Comment

A documentation comment is a special-purpose comment that when placed before class or class member declarations can be extracted and used by the javadoc tool to generate HTML documentation for the program. Documentation comments are usually placed in front of classes, interfaces, methods and field definitions. Groups of special tags can be used inside a documentation comment to provide more specific information. Such a comment starts with /** and ends with */:[bookmark: idd1e10829][bookmark: idd1e10832]


/**
 *  This class implements a gizmo.
 *  @author K.A.M.
 *  @version 2.0
 */


For details on the javadoc tool, see the documentation for the tools in the Java 2 SDK.









[bookmark: ch02lev1sec2] Review Questions

[image: graphics/rq_icon.gif]
	[bookmark: ch02qa1q1]2.1	
Which of the following is not a legal identifier?

Select the one correct answer.

	a2z


	ödipus

	52pickup

	_class

	ca$h

	total#


	[bookmark: ch02qa1q2]2.2	
Which statement is true?

Select the one correct answer.

	new and delete are keywords in the Java language.


	try, catch, and thrown are keywords in the Java language.

	static, unsigned, and long are keywords in the Java language.

	exit, class, and while are keywords in the Java language.

	return, goto, and default are keywords in the Java language.

	for, while, and next are keywords in the Java language.


	[bookmark: ch02qa1q3]2.3	
Is this a complete and legal comment?


/* // */


Select the one correct answer.

	No, the block comment (/* ... */) is not ended since the single-line comment (// ...) comments out the closing part.


	It is a completely valid comment. The // part is ignored by the compiler.

	This combination of comments is illegal and the compiler will reject it.













[bookmark: ch02lev1sec3]2.2 Primitive Data Types

Figure 2.1 gives an overview of the primitive data types in Java.

[bookmark: ch02fig01]Figure 2.1. Primitive Data Types in Java


[image: graphics/02fig01.gif]

Primitive data types in Java can be divided into three main categories:

	
Integral types� 
represent signed integers (byte, short, int, long) and unsigned character values (char)[bookmark: idd1e11180]

	
Floating-point types (float, double)� 
represent fractional signed numbers[bookmark: idd1e11210][bookmark: idd1e11219]

	
Boolean type (boolean)� 
represent logical values[bookmark: idd1e11240]



Primitive data values are not objects. Each primitive data type defines the range of values in the data type, and operations on these values are defined by special operators in the language (see Chapter 3).

Each primitive data type also has a corresponding wrapper class that can be used to represent a primitive value as an object. Wrapper classes are discussed in Section 10.3.[bookmark: idd1e11262]

[bookmark: ch02lev2sec12] Integer Types
[bookmark: idd1e11269]
[bookmark: ch02table09]Table 2.9. Range of Integer Values
	Data Type
	Width (bits)
	Minimum value MIN_VALUE
	Maximum value MAX_VALUE

	byte[bookmark: idd1e11335]
	8
	-27 (-128)
	27-1 (+127)

	short[bookmark: idd1e11372]
	16
	-215 (-32768)
	215-1 (+32767)

	int[bookmark: idd1e11409]
	32
	-231 (-2147483648)
	231-1 (+2147483647)

	long[bookmark: idd1e11446]
	64
	-263 (-9223372036854775808L)
	263-1 (+9223372036854775807L)




Integer data types are byte, short, int, and long (see Table 2.9). Their values are signed integers represented by 2's complement (see Section G.4, p. 598).[bookmark: idd1e11499]

[bookmark: ch02lev2sec13] Character Type
[bookmark: idd1e11510]
[bookmark: ch02table10]Table 2.10. Range of Character Values
	Data Type
	Width (bits)
	Minimum Unicode value
	Maximum Unicode value

	char[bookmark: idd1e11569]
	16
	0x0 (\u0000)
	0xffff (\uffff)




Characters are represented by the data type char (see Table 2.10). Their values are unsigned integers that denote all the 65536 (216) characters in the 16-bit Unicode character set. This set includes letters, digits, and special characters.[bookmark: idd1e11604]

The first 128 characters of the Unicode set are the same as the 128 characters of the 7-bit ASCII character set, and the first 256 characters of the Unicode set correspond to the 256 characters of the 8-bit ISO Latin-1 character set.[bookmark: idd1e11612][bookmark: idd1e11617]

[bookmark: ch02lev2sec14] Floating-point Types
[bookmark: idd1e11626]
[bookmark: ch02table11]Table 2.11. Range of Floating-point Values
	Data Type
	Width (bits)
	Minimum Positive Value MIN_VALUE
	Maximum Positive Value MAX_VALUE

	float[bookmark: idd1e11692]
	32
	1.401298464324817E-45f
	3.402823476638528860e+38f

	double[bookmark: idd1e11721]
	64
	4.94065645841246544e-324
	1.79769313486231570e+308




Floating-point numbers are represented by the float and double data types.

Floating-point numbers conform to the IEEE 754-1985 binary floating-point standard. Table 2.11 shows the range of values for positive floating-point numbers, but these apply equally to negative floating-point numbers with the '-' sign as prefix. Zero can be either 0.0 or -0.0.[bookmark: idd1e11768]

Since the size for representation is finite, certain floating-point numbers can only be represented as approximations. For example, the value of the expression (1.0/3.0) is represented as an approximation due to the finite number of bits used.

[bookmark: ch02lev2sec15] Boolean Type
[bookmark: idd1e11781]
[bookmark: ch02table12]Table 2.12. Boolean Values
	Data Type
	Width
	True Value Literal
	False Value Literal

	boolean[bookmark: idd1e11833]
	not applicable
	true
	false




The data type boolean represents the two logical values denoted by the literals true and false (see Table 2.12).[bookmark: idd1e11870]

Boolean values are produced by all relational (see Section 3.9), conditional (see Section 3.12) and boolean logical operators (see Section 3.11), and are primarily used to govern the flow of control during program execution.

Table 2.13 summarizes the pertinent facts about the primitive data types: their width or size, which indicates the number of the bits required to store a primitive value; their range (of legal values), which is specified by the minimum and the maximum values permissible; and the name of the corresponding wrapper class.

[bookmark: ch02table13]Table 2.13. Summary of Primitive Data Types
	Data Type
	Width (bits)
	Minimum Value, Maximum Value
	Wrapper Class

	boolean
	not applicable
	true, false (no ordering implied)
	Boolean

	byte
	8
	-27, 27-1
	Byte

	short
	16
	-215, 215-1
	Short

	char
	16
	0x0, 0xffff
	Character

	int
	32
	-231, 231-1
	Integer

	long
	64
	-263, 263-1
	Long

	float
	32
	±1.40129846432481707e-45f, ±3.402823476638528860e+38f
	Float

	double
	64
	\'b14.94065645841246544e-324, \'b11.79769313486231570e+308
	Double












[bookmark: ch02lev1sec4] Review Questions

[image: graphics/rq_icon.gif]
	[bookmark: ch02qa2q1]2.4	
Which of the following do not denote a primitive data value in Java?

Select the two correct answers.

	"t"


	'k'

	50.5F

	"hello"

	false


	[bookmark: ch02qa2q2]2.5	
Which of the following primitive data types are not integer types?

Select the three correct answers.

	Type boolean


	Type byte

	Type float

	Type short

	Type double


	[bookmark: ch02qa2q3]2.6	
Which integral type in Java has the exact range from -2147483648 (-231) to 2147483647 (231-1), inclusive?

Select the one correct answer.

	Type byte


	Type short

	Type int

	Type long

	Type char













[bookmark: ch02lev1sec5]2.3 Variable Declarations

A variable stores a value of a particular type. A variable has a name, a type, and a value associated with it. In Java, variables can only store values of primitive data types and references to objects. Variables that store references to objects are called reference variables.[bookmark: idd1e12433][bookmark: idd1e12438]

[bookmark: ch02lev2sec16] Declaring and Initializing Variables
[bookmark: idd1e12445]
Variable declarations are used to specify the type and the name of variables. This implicitly determines their memory allocation and the values that can be stored in them. We show some examples of declaring variables that can store primitive values:[bookmark: idd1e12455]


char a, b, c;            // a, b and c are character variables.
double area;             // area is a floating-point variable.
boolean flag;            // flag is a boolean variable.


The first declaration above is equivalent to the following three declarations:


char a;
char b;
char c;


A declaration can also include initialization code to specify an appropriate initial value for the variable:


int i = 10,              // i is an int variable with initial value 10.
    j = 101;             // j is an int variable with initial value 101.
long big = 2147483648L;  // big is a long variable with specified initial value.


[bookmark: ch02lev2sec17] Object Reference Variables

An object reference is a value that denotes an object in Java. Such reference values can be stored in variables and used to manipulate the object denoted by the reference value.[bookmark: idd1e12489][bookmark: idd1e12496]

A variable declaration that specifies a reference type (i.e., a class, an array, or an interface name) declares an object reference variable. Analogous to the declaration of variables of primitive data types, the simplest form of reference variable declaration only specifies the name and the reference type. The declaration determines what objects a reference variable can denote. Before we can use a reference variable to manipulate an object, it must be declared and initialized with the reference value of the object.[bookmark: idd1e12505][bookmark: idd1e12508]


Pizza yummyPizza;   // Variable yummyPizza can reference objects of class Pizza.
Hamburger bigOne,   // Variable bigOne can reference objects of class Hamburger,
          smallOne; // and so can variable smallOne.


It is important to note that the declarations above do not create any objects of class Pizza or Hamburger. The declarations only create variables that can store references to objects of these classes.

A declaration can also include an initializer to create an object whose reference can be assigned to the reference variable:


Pizza yummyPizza = new Pizza("Hot&Spicy"); // Declaration with initializer.


The reference variable yummyPizza can reference objects of class Pizza. The keyword new, together with the constructor call Pizza("Hot&Spicy"), creates an object of class Pizza. The reference to this object is assigned to the variable yummyPizza. The newly created object of class Pizza can now be manipulated through the reference stored in this variable.

Initializers for initializing fields in objects, classes, and interfaces are discussed in Section 8.2.

Reference variables for arrays are discussed in Section 4.1.

[bookmark: ch02lev2sec18] Lifetime of Variables
[bookmark: idd1e12582]
Lifetime of a variable, that is, the time a variable is accessible during execution, is determined by the context in which it is declared. We distinguish between lifetime of variables in three contexts:

	
Instance variables� 
members of a class and created for each object of the class. In other words, every object of the class will have its own copies of these variables, which are local to the object. The values of these variables at any given time constitute the state of the object. Instance variables exist as long as the object they belong to exists.[bookmark: idd1e12606]

	
Static variables� 
also members of a class, but not created for any object of the class and, therefore, belong only to the class (see Section 4.10, p. 144). They are created when the class is loaded at runtime, and exist as long as the class exists.[bookmark: idd1e12626]

	
Local variables (also called method automatic variables)� 
declared in methods and in blocks and created for each execution of the method or block. After the execution of the method or block completes, local (non-final) variables are no longer accessible.[bookmark: idd1e12651][bookmark: idd1e12656]











[bookmark: ch02lev1sec6]2.4 Initial Values for Variables
[bookmark: idd1e12667]
[bookmark: ch02lev2sec19] Default Values for Fields

Default values for fields of primitive data types and reference types are listed in Table 2.14. The value assigned depends on the type of the field.

[bookmark: ch02table14]Table 2.14. Default Values
	Data Type
	Default Value

	boolean
	false

	char
	'\u0000'

	Integer (byte, short, int, long)
	0L for long, 0 for others

	Floating-point (float, double)
	0.0F or 0.0D

	Reference types
	null




If no initialization is provided for a static variable either in the declaration or in a static initializer block (see Section 8.2, p. 336), it is initialized with the default value of its type when the class is loaded.[bookmark: idd1e12803]

Similarly, if no initialization is provided for an instance variable either in the declaration or in an instance initializer block (see Section 8.2, p. 338), it is initialized with the default value of its type when the class is instantiated.[bookmark: idd1e12815]

The fields of reference types are always initialized with the null reference value, if no initialization is provided.

Example 2.1 illustrates default initialization of fields. Note that static variables are initialized when the class is loaded the first time, and instance variables are initialized accordingly in every object created from the class Light.

[bookmark: ch02list01]Example 2.1 Default Values for Fields


public class Light {
    // Static variable
    static int counter;      // Default value 0 when class is loaded.

    // Instance variables
    int     noOfWatts = 100; // Explicitly set to 100.
    boolean indicator;       // Implicitly set to default value false.
    String  location;        // Implicitly set to default value null.

    public static void main(String[] args) {
        Light bulb = new Light();
        System.out.println("Static variable counter: "     + Light.counter);
        System.out.println("Instance variable noOfWatts: " + bulb.noOfWatts);
        System.out.println("Instance variable indicator: " + bulb.indicator);
        System.out.println("Instance variable location: "  + bulb.location);
        return;
    }
}


Output from the program:


Static variable counter: 0
Instance variable noOfWatts: 100
Instance variable indicator: false
Instance variable location: null


[bookmark: ch02lev2sec20] Initializing Local Variables of Primitive Data Types

Local variables are not initialized when they are created at method invocation, that is, when the execution of a method is started. They must be explicitly initialized before being used. The compiler will report attempts to use uninitialized local variables.[bookmark: idd1e12868]

[bookmark: ch02list02]Example 2.2 Flagging Uninitialized Local Variables of Primitive Data Types


public class TooSmartClass {
    public static void main(String[] args) {
        int weight = 10, thePrice;                         // Local variables

        if (weight <  10) thePrice = 1000;
        if (weight >  50) thePrice = 5000;
        if (weight >= 10) thePrice = weight*10;            // Always executed.
        System.out.println("The price is: " + thePrice);   // (1)
    }
}


In Example 2.2, the compiler complains that the local variable thePrice used in the println statement at (1) may not be initialized. However, it can be seen that at runtime the local variable thePrice will get the value 100 in the last if-statement, before it is used in the println statement. The compiler does not perform a rigorous analysis of the program in this regard. It only compiles the body of a conditional statement if it can deduce the condition to be true. The program will compile correctly if the variable is initialized in the declaration, or if an unconditional assignment is made to the variable. Replacing the declaration of the local variables in Example 2.2 with the following declaration solves the problem:


int weight = 10, thePrice = 0;         // Both local variables initialized.


[bookmark: ch02lev2sec21] Initializing Local Reference Variables

Local reference variables are bound by the same initialization rules as local variables of primitive data types.

[bookmark: ch02list03]Example 2.3 Flagging Uninitialized Local Reference Variables


public class VerySmartClass {
    public static void main(String[] args) {
        String importantMessage;       // Local reference variable

        System.out.println("The message length is: " + importantMessage.length());
    }
}


In Example 2.3, the compiler complains that the local variable importantMessage used in the println statement may not be initialized. If the variable importantMessage is set to the value null, the program will compile. However, at runtime, a NullPointerException will be thrown since the variable importantMessage will not denote any object. The golden rule is to ensure that a reference variable, whether local or not, is assigned a reference to an object before it is used, that is, ensure that it does not have the value null. The program compiles and runs if we replace the declaration with the following declaration, which creates a string literal and assigns its reference to the local reference variable importantMessage:


String importantMessage = "Initialize before use!";


Arrays and their default values are discussed in Section 4.1 on page 101.









[bookmark: ch02lev1sec7] Review Questions

[image: graphics/rq_icon.gif]
	[bookmark: ch02qa3q1]2.7	
Which of the following lines are valid declarations?

Select the three correct answers.

	char a = '\u0061';


	char 'a' = 'a';

	char \u0061 = 'a';

	ch\u0061r a = 'a';

	ch'a'r a = 'a';


	[bookmark: ch02qa3q2]2.8	
Given the following code within a method, which statement is true?


int a, b;
b = 5;


Select the one correct answer.

	Local variable a is not declared.


	Local variable b is not declared.

	Local variable a is declared but not initialized.

	Local variable b is declared but not initialized.

	Local variable b is initialized but not declared.


	[bookmark: ch02qa3q3]2.9	
In which of these variable declarations will the variable remain uninitialized unless explicitly initialized?

Select the one correct answer.

	Declaration of an instance variable of type int.


	Declaration of a static variable of type float.

	Declaration of a local variable of type float.

	Declaration of a static variable of type Object.

	Declaration of an instance variable of type int[].













[bookmark: ch02lev1sec8]2.5 Java Source File Structure

The structure of a skeletal Java source file is depicted in Figure 2.2. A Java source file can have the following elements that, if present, must be specified in the following order:[bookmark: idd1e13223][bookmark: idd1e13226]

[bookmark: ch02pr01]
	An optional package declaration to specify a package name. Packages are discussed in Section 4.6.[bookmark: idd1e13244]


	Zero or more import declarations. Since import declarations introduce class and interface names in the source code, they must be placed before any type declarations. The import statement is discussed in Section 4.6.[bookmark: idd1e13270][bookmark: idd1e13275]

	Any number of top-level class and interface declarations. Since these declarations belong to the same package, they are said to be defined at the top level, which is the package level.[bookmark: idd1e13292]

The classes and interfaces can be defined in any order. Class and interface declarations are collectively known as type declarations. Technically, a source file need not have any such definitions, but that is hardly useful.

The Java 2 SDK imposes the restriction that at the most one public class definition per source file can be defined. If a public class is defined, the file name must match this public class. If the public class name is NewApp, then the file name must be NewApp.java.[bookmark: idd1e13329]

Classes are discussed in Section 4.2, and interfaces are discussed in Section 6.4.


[bookmark: ch02fig02]Figure 2.2. Java Source File Structure


[image: graphics/02fig02.gif]

Note that except for the package and the import statements, all code is encapsulated in classes and interfaces. No such restriction applies to comments and white space.









[bookmark: ch02lev1sec9] Review Questions

[image: graphics/rq_icon.gif]
	[bookmark: ch02qa4q1]2.10	
What will be the result of attempting to compile this class?


import java.util.*;

package com.acme.toolkit;

public class AClass {
    public Other anInstance;
}
class Other {
    int value;
}


Select the one correct answer.

	The class will fail to compile, since the class Other has not yet been declared when referenced in class AClass.


	The class will fail to compile, since import statements must never be at the very top of a file.

	The class will fail to compile, since the package declaration can never occur after an import statement.

	The class will fail to compile, since the class Other must be defined in a file called Other.java.

	The class will fail to compile, since the class Other must be declared public.

	The class will compile without errors.


	[bookmark: ch02qa4q2]2.11	
Is an empty file a valid source file?

Answer true or false.












[bookmark: ch02lev1sec10]2.6 The main() Method
[bookmark: idd1e13519]
The mechanics of compiling and running Java applications using the Java 2 SDK are outlined in Section 1.10. The Java interpreter executes a method called main in the class specified on the command line. Any class can have a main() method, but only the main() method of the class specified to the Java interpreter is executed to start a Java application.[bookmark: idd1e13541]

The main() method must have public accessibility so that the interpreter can call it (see Section 4.9, p. 138). It is a static method belonging to the class, so that no object of the class is required to start the execution (see Section 4.10, p. 144). It does not return a value, that is, it is declared void (see Section 5.4, p. 176). It always has an array of String objects as its only formal parameter. This array contains any arguments passed to the program on the command line (see Section 3.23, p. 95). All this adds up to the following definition of the main() method:[bookmark: idd1e13580][bookmark: idd1e13583][bookmark: idd1e13588]


public static void main(String[] args) {
    // ...
}


The above requirements do not exclude specification of additional modifiers (see Section 4.10, p. 144) or any throws clause (see Section 5.9, p. 201). The main() method can also be overloaded like any other method (see p. 116). The Java interpreter ensures that the main() method, that complies with the above definition is the starting point of the program execution.









[bookmark: ch02lev1sec11] Review Questions

[image: graphics/rq_icon.gif]
	[bookmark: ch02qa5q1]2.12	
Which of these are valid declarations of the main() method in order to start the execution of a Java application?

Select the two correct answers.

	static void main(String[] args) { /* ... */ }


	public static int main(String[] args) { /* ... */ }

	public static void main(String args) { /* ... */ }

	final public static void main(String[] arguments) { /* ... */ }

	public int main(Strings[] args, int argc) { /* ... */ }

	static public void main(String args[]) { /* ... */ }


	[bookmark: ch02qa5q2]2.13	
Which of the following are reserved keywords?

Select the three correct answers.

	public


	static

	void

	main

	String

	args













[bookmark: ch02lev1sec12] Chapter Summary

[image: graphics/chsum_icon.gif]
The following topics were discussed in this chapter:

	
basic language elements: 
identifiers, keywords, literals, white spaces, and comments

	
primitive data types: 
integral, floating-point, and Boolean

	converting numbers between decimal, octal, and hexadecimal systems

	lifetime of fields and local variables

	declaration and initialization of variables, including reference variables

	usage of default values for fields

	structure of a valid Java source file

	declaration of the main() method whose execution starts the application











[bookmark: ch02lev1sec13] Programming Exercises

[image: graphics/pe_icon.gif]
	[bookmark: ch02qa6q1]2.1	
The following program has several errors. Modify it so that it will compile and run without errors. (See Section 4.6 on page 129 for compiling and running code from packages.)


import java.util.*;

package com.acme;

public class Exercise1 {
    int counter;

    void main(String[] args) {
        Exercise1 instance = new Exercise1();
        instance.go();
    }

    public void go() {
        int sum;
        int i = 0;
        while (i<100) {
            if (i == 0) sum = 100;
            sum = sum + i;
            i++;
        }
        System.out.println(sum);
    }
}


	[bookmark: ch02qa6q2]2.2	
The following program has several errors. Modify it so that it will compile and run without errors.


// Filename: Temperature.java
PUBLIC CLASS temperature {
    PUBLIC void main(string args) {
        double fahrenheit = 62.5;
        */ Convert /*
        double celsius = f2c(fahrenheit);
        System.out.println(fahrenheit + 'F = ' + celsius + 'C');
    }

    double f2c(float fahr) {
        RETURN (fahr - 32) * 5 / 9;
    }
}












Chapter 3. Operators and Assignments

[bookmark: ch03sb01]



	
Exam Objectives

	Determine the result of applying any operator (including assignment operators and the instanceof operator) to operands of any type, class, scope, or accessibility, or any combination of these.
	See also Section 6.6.



	Determine the result of applying the boolean equals(Object) method to objects of any combination of the classes java.lang.String, java.lang.Boolean and java.lang.Object.

	In an expression involving the operators &, |, &&, ||, and variables of known values, state which operands are evaluated and the value of the expression.

	Determine the effect on objects and primitive values of passing variables into methods and performing assignments or other modifying operations in that method.






[bookmark: ch03sb02]



	
Supplementary Objectives

	Understand the operator precedence and associativity rules.

	Distinguish between conversions involving casting, widening numeric conversions, and narrowing numeric conversions.

	State unary numeric promotion and binary numeric promotion rules and the contexts in which they are applied.

	Understand type conversions for primitive data types on assignment, string concatenation, arithmetic expression evaluation, and method invocation.














[bookmark: ch03lev1sec1]3.1 Precedence and Associativity Rules for Operators
[bookmark: idd1e14035][bookmark: idd1e14040][bookmark: idd1e14045]
Precedence and associativity rules are necessary for deterministic evaluation of expressions. The operators are summarized in Table 3.1. They are discussed in subsequent sections in this chapter.[bookmark: idd1e14055]

The following remarks apply to Table 3.1:

	The operators are shown with decreasing precedence from the top of the table.

	Operators within the same row have the same precedence.

	Parentheses, ( ), can be used to override precedence and associativity.[bookmark: idd1e14084]

	The unary operators, which require one operand, include the postfix increment (++) and decrement (--) operators from the first row, all the prefix operators (+, -, ++, --, ~, !) in the second row, and the prefix operators (object creation operator new, cast operator (type)) in the third row.[bookmark: idd1e14128][bookmark: idd1e14133]

	The conditional operator (? :) is ternary, that is, requires three operands.[bookmark: idd1e14148]

	All operators not listed above as unary or ternary, are binary, that is, require two operands.[bookmark: idd1e14160]

	All binary operators, except for the relational and assignment operators, associate from left to right. The relational operators are nonassociative.[bookmark: idd1e14169][bookmark: idd1e14174]

	Except for unary postfix increment and decrement operators, all unary operators, all assignment operators, and the ternary conditional operator associate from right to left.[bookmark: idd1e14181][bookmark: idd1e14186][bookmark: idd1e14191]



[bookmark: ch03table01]Table 3.1. Operator Summary
	Postfix operators
	[] . (parameters) expression++ expression--

	Unary prefix operators
	++expression --expression +expression -expression ~ !

	Unary prefix creation and cast
	new (type)

	Multiplicative
	* / %

	Additive
	+ -

	Shift
	<< >> >>>

	Relational
	< <= > >= instanceof

	Equality
	== !=

	Bitwise/logical AND
	&

	Bitwise/logical XOR
	^

	Bitwise/logical OR
	|

	Conditional AND
	&&

	Conditional OR
	||

	Conditional
	?:

	Assignment
	= += -= *= /= %= <<= >>= >>>= &= ^= |=




Precedence rules are used to determine which operator should be applied first if there are two operators with different precedence, and these follow each other in the expression. In such a case, the operator with the highest precedence is applied first.[bookmark: idd1e14418]

2 + 3 * 4 is evaluated as 2 + (3 * 4) (with the result 14) since * has higher precedence than +.

Associativity rules are used to determine which operator should be applied first if there are two operators with the same precedence, and these follow each other in the expression.

Left associativity implies grouping from left to right:[bookmark: idd1e14448]

1 + 2 - 3 is interpreted as ((1 + 2) - 3), since the binary operators + and - both have same precedence and left associativity.

Right associativity implies grouping from right to left:[bookmark: idd1e14472]

- - 4 is interpreted as (- (- 4)) (with the result 4), since the unary operator - has right associativity.

The precedence and associativity rules together determine the evaluation order of the operators.[bookmark: idd1e14497]









[bookmark: ch03lev1sec2]3.2 Evaluation Order of Operands

In order to understand the result returned by an operator, it is important to understand the evaluation order of its operands. Java states that the operands of operators are evaluated from left to right.[bookmark: idd1e14512]

Java guarantees that all operands of an operator are fully evaluated before the operator is applied. The only exceptions are the short-circuit conditional operators &&, ||, and ?:.

In the case of a binary operator, if the left-hand operand causes an exception (see Section 5.5, p. 181), the right-hand operand is not evaluated. The evaluation of the left-hand operand can have side effects that can influence the value of the right-hand operand. For example, in the following code:


int b = 10;
System.out.println((b=3) + b);


the value printed will be 6 and not 13. The evaluation proceeds as follows:


(b=3) + b
  3   + b     b is assigned the value 3
  3   + 3
  6


The evaluation order also respects any parentheses, and the precedence and associativity rules of operators.

Examples illustrating how the operand evaluation order influences the result returned by an operator, can be found in Sections 3.4 and 3.7.









[bookmark: ch03lev1sec3]3.3 Conversions
[bookmark: idd1e14588]
In this section we discuss the different kinds of type conversions and list the contexts in which these can occur. Some type conversions must be explicitly stated in the program, while others are done implicitly. Some type conversions can be checked at compile time to guarantee their validity at runtime, while others will require an extra check at runtime.[bookmark: idd1e14605]

[bookmark: ch03lev2sec1] Unary Cast Operator: (type)
[bookmark: idd1e14620]
Java, being a strongly typed language, checks for type compatibility (i.e., checks if a type can substitute for another type in a given context) at compile time. However, some checks are only possible at runtime (for example, which type of object a reference actually denotes during execution). In cases where an operator would have incompatible operands (for example, assigning a double to an int), Java demands that a cast be used to explicitly indicate the type conversion. The cast construct has the following syntax:[bookmark: idd1e14647][bookmark: idd1e14650][bookmark: idd1e14655][bookmark: idd1e14658]


(<type>) <expression>


The cast (<type>) is applied to the value of the <expression>. At runtime, a cast results in a new value of <type>, which best represents the value of the <expression> in the old type. We use the term casting to mean applying the cast operator for explicit type conversion.[bookmark: idd1e14698]

Casting can be applied to primitive values as well as references. Casting between primitive data types and reference types is not permitted. Boolean values cannot be cast to other data values, and vice versa. The reference literal null can be cast to any reference type.[bookmark: idd1e14709][bookmark: idd1e14714][bookmark: idd1e14719][bookmark: idd1e14724]

Examples of casting between primitive data types are provided in this chapter. Casting between references is discussed in Section 6.6 on page 264.

[bookmark: ch03lev2sec2] Narrowing and Widening Conversions
[bookmark: idd1e14740][bookmark: idd1e14745]
For the primitive data types, the value of a narrower data type can be converted to a value of a broader data type without loss of information. This is called a widening primitive conversion. Widening conversions to the next broader type for primitive data types are summarized in Figure 3.1. The conversions shown are transitive. For example, an int can be directly converted to a double without first having to convert it to a long and a float.[bookmark: idd1e14778]

[bookmark: ch03fig01]Figure 3.1. Widening Numeric Conversions


[image: graphics/03fig01.gif]

Converting from a broader data type to a narrower data type is called a narrowing primitive conversion, which can result in loss of magnitude information. Any conversion which is not a widening conversion according to Figure 3.1 is a narrowing conversion. Note that all conversions between char and the two integer types byte and short are considered narrowing conversions: the reason being that the conversions between the unsigned type char and the signed types byte or short can result in loss of information.[bookmark: idd1e14819]

Widening and narrowing conversions are also defined for reference types and are discussed in Section 6.6. Conversions up the inheritance hierarchy are called widening reference conversions (a.k.a. upcasting). Conversions down the inheritance hierarchy are called narrowing reference conversions (a.k.a. downcasting).[bookmark: idd1e14857][bookmark: idd1e14862][bookmark: idd1e14867][bookmark: idd1e14872]

Both narrowing and widening conversions can be either explicit (requiring a cast) or implicit. Widening conversions are usually done implicitly, whereas narrowing conversions typically require a cast. It is not illegal to use a cast for a widening conversion. However, the compiler will flag any conversions that require a cast.

[bookmark: ch03lev2sec3] Numeric Promotions
[bookmark: idd1e14884]
Numeric operators only allow operands of certain types. Numeric promotion is implicitly applied on the operands to convert them to permissible types. Distinction is made between unary and binary numeric promotion.

[bookmark: ch03lev3sec1] Unary Numeric Promotion
[bookmark: idd1e14898]
Unary numeric promotion states that


If the single operand of the operator has a type narrower than int, it is converted to int by an implicit widening primitive conversion; otherwise, it is not converted.


In other words, unary numeric promotion converts operands of byte, short, and char to int by applying an implicit widening conversion, but operands of other numeric types are not affected.

Unary numeric promotion is applied in the following contexts:

	operand of the unary arithmetic operators + and - (see Section 3.5, p. 51)

	operand of the unary integer bitwise complement operator ~ (see Section 3.13, p. 75)

	during array creation; for example, new int[20], where the dimension expression (in this case 20) must evaluate to an int value (see Section 4.1, p. 101)

	indexing array elements; for example, table['a'], where the index expression (in this case 'a') must evaluate to an int value (see Section 4.1, p. 103)

	individual operands of the shift operators <<, >> and >>> (see Section 3.14, p. 79)



[bookmark: ch03lev3sec2] Binary Numeric Promotion
[bookmark: idd1e15018]
Binary numeric promotion implicitly applies appropriate widening primitive conversions so that a pair of operands have the broadest numeric type of the two, which is always at least int. Given T to be the broadest numeric type of the two operands, the operands are promoted as follows under binary numeric promotion.


If T is broader than int, both operands are converted to T; otherwise, both operands are converted to int.


This means that byte, short, and char are always converted to int at least.

Binary numeric promotion is applied in the following contexts:

	operands of the arithmetic operators *, /, %, +, and - (see Section 3.5, p. 51)

	operands of the relational operators <, <=, >, and >= (see Section 3.9, p. 67)

	operands of the numerical equality operators == and != (see Section 3.10, p. 67)

	operands of the integer bitwise operators &, ^, and | (see Section 3.13, p. 75)



[bookmark: ch03lev2sec4] Type Conversion Contexts
[bookmark: idd1e15148]
Type conversions can occur in the following contexts:

	assignments involving primitive data types (see Section 3.4, p. 48) and reference types (see Section 6.6, p. 260)

	method invocation involving parameters of primitive data types (see Section 3.17, p. 86) and reference types (see Section 6.6, p. 260)

	arithmetic expression evaluation involving numeric types (see Section 3.5, p. 57)

	string concatenation involving objects of class String and other data types (see Section 3.6, p. 62)











[bookmark: ch03lev1sec4]3.4 Simple Assignment Operator =
[bookmark: idd1e15215]
The assignment statement has the following syntax:


<variable> = <expression>


which can be read as "the destination, <variable>, gets the value of the source, <expression>". The previous value of the destination variable is overwritten by the assignment operator =.

The destination <variable> and the source <expression> must be type compatible. The destination variable must also have been declared. Since variables can store either primitive data values or object references, <expression> evaluates to either a primitive data value or an object reference.

[bookmark: ch03lev2sec5] Assigning Primitive Values
[bookmark: idd1e15272]
The following examples illustrate assignment of primitive values:


int j, k;
j = 10;           // j gets the value 10.
j = 5;            // j gets the value 5. Previous value is overwritten.
k = j;            // k gets the value 5.


The assignment operator has the lowest precedence, allowing the expression on the right-hand side to be evaluated before assignment.


int i;
i = 5;            // i gets the value 5.
i = i + 1;        // i gets the value 6. + has higher precedence than =.
i = 20 - i * 2;   // i gets the value 8: (20 - (i * 2))


[bookmark: ch03lev2sec6] Assigning References
[bookmark: idd1e15297]
Copying references by assignment creates aliases, which is discussed in Section 1.3 on page 5. The following example recapitulates that discussion:


Pizza pizza1 = new Pizza("Hot&Spicy");
Pizza pizza2 = new Pizza("Sweet&Sour");

pizza2 = pizza1;


Variable pizza1 is a reference to a pizza that is hot and spicy, and pizza2 is a reference to a pizza which is sweet and sour. Assigning pizza1 to pizza2 means that pizza2 now references the same pizza as pizza1, that is, the hot and spicy one. After assignment these variables are aliases, and either one can be used to manipulate the hot and spicy Pizza object.

Assigning a reference does not create a copy of the source object denoted by the reference variable on the right-hand side. Reference assignment also does not copy the state of the source object to any object denoted by the reference variable on the left-hand side. It merely assigns the reference value to the variable on the right-hand side to the variable on the left-hand side, so that they denote the same object.

A more detailed discussion of reference assignment can be found in Section 6.6.

[bookmark: ch03lev2sec7] Multiple Assignments
[bookmark: idd1e15355]
The assignment statement is an expression statement, which means that application of the binary assignment operator returns the value of the expression on the right-hand side.[bookmark: idd1e15368]


int j, k;
j = 10;           // j gets the value 10 which is returned
k = j;            // k gets the value of j, which is 10, and this value is returned


The last two assignments can be written as multiple assignments, illustrating the right associativity of the assignment operator.


k = j = 10;       // (k = (j = 10))


Multiple assignments are equally valid with references.


Pizza pizzaOne, pizzaTwo;
pizzaOne = pizzaTwo = new Pizza("Supreme"); // Aliases.


The following example shows the effect of operand evaluation order:


int[] a = {10, 20, 30, 40, 50}; // an array of int
int index = 4;
a[index] = index = 2;


What is the value of index, and which array element a[index] is assigned a value in the multiple assignment statement? The evaluation proceeds as follows:


a[index] = index = 2;
a[4]     = index = 2;
a[4]     = (index = 2);      // index gets the value 2. = is right associative.
a[4]     =      2;           // The value of a[4] is changed from 50 to 2.


[bookmark: ch03lev2sec8] Numeric Type Conversions on Assignment
[bookmark: idd1e15427]
If the destination and source have the same type in an assignment, then, obviously, the source and the destination are type compatible, and the source value need not be converted. Otherwise, if a widening primitive conversion is permissible, then the widening conversion is applied implicitly, that is, the source type is promoted to the destination type in an assignment context.[bookmark: idd1e15435]


// Implicit Widening Primitive Conversions
int    smallOne = 1234;
long   bigOne   = 2000;               // Implicit widening: int to long.
double largeOne = bigOne;             // Implicit widening: long to double.
double hugeOne  = (double) bigOne;    // Cast redundant but allowed.


Integer values widened to floating-point values can result in loss of precision. Precision relates to the number of significant bits in the value, and must not be confused with magnitude, which relates how big a value can be represented. In the next example, the precision of the least significant bits of the long value may be lost when converting to a float value.[bookmark: idd1e15460][bookmark: idd1e15463]


long bigInteger = 98765432112345678L;
float realNo = bigInteger;  // Widening but loss of precision: 9.8765436E16


Additionally, implicit narrowing primitive conversions on assignment can occur in cases where all of the following conditions are fulfilled:[bookmark: idd1e15481]

	the source is a constant expression of either byte, short, char, or int type

	the destination type is either byte, short, or char type

	the value of the source is determined to be in the range of the destination type at compile time




// Above conditions fulfilled for implicit narrowing primitive conversions.
short s1 = 10;          // int value in range.
short s2 = 'a';         // char value in range.
char c1 = 32;           // int value in range.
char c2 = (byte)35;     // byte value in range. int value in range, without cast.
byte b1 = 40;           // int value in range.
byte b2 = (short)40;    // short value in range. int value in range, without cast.
final int i1 = 20;
byte b3 = i1;           // final value of i1 in range.

// Above conditions not fulfilled for implicit narrowing primitive conversions.
// Explicit cast required.
int i2 = -20;
final int i3 = i2;
final int i4 = 200;
short s3 = (short) i2;    // Not constant expression.
char c3 = (char) i3;      // final value of i3 not determinable.
char c4 = (char) i2;      // Not constant expression.
byte b4 = (byte) 128;     // int value not in range.
byte b5 = (byte) i4;      // final value of i4 not in range.


All other narrowing primitive conversions will produce a compile-time error on assignment, and will explicitly require a cast.

Floating-point values are truncated when converted to integral values.[bookmark: idd1e15535]


// Explicit narrowing primitive conversions requiring cast.
// The value is truncated to fit the size of the destination type.
float huge   = (float) 1.7976931348623157d; // double to float.
long  giant  = (long) 4415961481999.03D;    // (1) double to long.
int   big    = (int) giant;                 // (2) long to int.
short small  = (short) big;                 // (3) int to short.
byte  minute = (byte) small;                // (4) short to byte.
char  symbol = (char) 112.5F;               // (5) float to char.


Table 3.2 shows how the values are truncated for lines marked (1) to (5) in the previous code.

[bookmark: ch03table02]Table 3.2. Examples of Truncated Values
	Binary
	Decimal
	 
	0000000000000000000001000000010000101011110100001100001100001111
	4415961481999
	(1)

	00101011110100001100001100001111
	735101711
	(2)

	1100001100001111
	-15601
	(3)

	00001111
	15
	(4)

	0000000001110000
	'p'
	(5)




The discussion on numeric assignment conversions also applies to numeric parameter values at method invocation (see Section 3.18, p. 88), except for the narrowing conversions, which always require a cast.









[bookmark: ch03lev1sec5] Review Questions

[image: graphics/rq_icon.gif]
	[bookmark: ch03qa1q1]3.1	
Given char c = 'A';

What is the simplest way to convert the character value in c into an int?

Select the one correct answer.

	int i = c;


	int i = (int) c;

	int i = Character.getNumericValue(c);


	[bookmark: ch03qa1q2]3.2	
What will be the result of attempting to compile and run the following class?


public class Assignment {
    public static void main(String[] args) {
        int a, b, c;
        b = 10;
        a = b = c = 20;
        System.out.println(a);
    }
}


Select the one correct answer.

	The code will fail to compile, since the compiler will recognize that the variable c in the assignment statement a = b = c = 20; has not been initialized.


	The code will fail to compile because the assignment statement a = b = c = 20; is illegal.

	The code will compile correctly and will display 10 when run.

	The code will compile correctly and will display 20 when run.


	[bookmark: ch03qa1q3]3.3	
What will be the result of attempting to compile and run the following program?


public class MyClass {
    public static void main(String[] args) {
        String a, b, c;
        c = new String("mouse");
        a = new String("cat");
        b = a;
        a = new String("dog");
        c = b;

        System.out.println(c);
    }
}


Select the one correct answer.

	The program will fail to compile.


	The program will print mouse when run.

	The program will print cat when run.

	The program will print dog when run.

	The program will randomly print either cat or dog when run.













[bookmark: ch03lev1sec6]3.5 Arithmetic Operators: *, /, %, +, -
[bookmark: idd1e15949][bookmark: idd1e15954][bookmark: idd1e15959][bookmark: idd1e15964][bookmark: idd1e15969]
The arithmetic operators are used to construct mathematical expressions as in algebra. Their operands are of numeric type (which includes the char type).

[bookmark: ch03lev2sec9] Arithmetic Operator Precedence and Associativity

In Table 3.3, the precedence of the operators is in decreasing order, starting from the top row, which has the highest precedence. Unary subtraction has higher precedence than multiplication. The operators in the same row have the same precedence. Binary multiplication, division, and remainder operators have the same precedence. The unary operators have right associativity, and the binary operators have left associativity.

[bookmark: ch03table03]Table 3.3. Arithmetic Operators
	Unary
	+
	Addition
	-
	Subtraction
	 	 
	Binary
	*
	Multiplication
	/
	Division
	%
	Remainder

	 	+
	Addition
	-
	Subtraction
	 	 



[bookmark: ch03lev2sec10] Evaluation Order in Arithmetic Expressions
[bookmark: idd1e16111]
Java guarantees that the operands are fully evaluated from left to right before an arithmetic binary operator is applied. Of course, if evaluation of an operand causes an exception, the subsequent operands will not be evaluated.

In the expression a + b * c, the operand a will always be fully evaluated before the operand b, which will always be fully evaluated before the operand c. However, the multiplication operator * will be applied before the addition operator +, respecting the precedence rules. Note that a, b, and c can be arbitrary arithmetic expressions that have been determined to be the operands of the operators.

[bookmark: ch03lev2sec11] Range of Numeric Values

As we have seen, all numeric types have a range of valid values (Section 2.2, p. 28). This range is given by the constants named MAX_VALUE and MIN_VALUE, which are defined in each numeric wrapper class.

The arithmetic operators are overloaded, meaning that the operation of an operator varies depending on the type of its operands. Floating-point arithmetic is performed if any operand of an operator is of floating-point type, otherwise, integer arithmetic is performed.[bookmark: idd1e16176]

Values that are out-of-range or are results of invalid expressions, are handled differently depending on whether integer or floating-point arithmetic is performed.

[bookmark: ch03lev3sec3] Integer Arithmetic
[bookmark: idd1e16188]
Integer arithmetic always returns a value that is in range, except in the case of integer division by zero and remainder by zero, which causes an ArithmeticException (see the division operator / and the remainder operator % below). A valid value does not necessarily mean that the result is correct, as demonstrated by the following examples:


int tooBig   = Integer.MAX_VALUE + 1;    // -2147483648 which is Integer.MIN_VALUE.
int tooSmall = Integer.MIN_VALUE - 1;    //  2147483647 which is Integer.MAX_VALUE.


The results above should be values that are out-of-range. However, integer arithmetic wraps if the result is out-of-range, that is, the result is reduced modulo in the range. In order to avoid wrapping of out-of-range values, programs should either use explicit checks or a wider type. If the type long is used in the examples above, the results would be correct in the long range:


long notTooBig   = Integer.MAX_VALUE + 1L;   //  2147483648L in range.
long notTooSmall = Integer.MIN_VALUE - 1L;   // -2147483649L in range.


[bookmark: ch03lev3sec4] Floating-point Arithmetic
[bookmark: idd1e16238]
Certain floating-point operations result in values that are out-of-range. Typically, adding or multiplying two very large floating-point numbers can result in an out-of-range value which is represented by Infinity (see Figure 3.2). Attempting floating-point division by zero also returns infinity. The examples below show how this value is printed as signed infinity.[bookmark: idd1e16253]


System.out.println( 4.0 / 0.0);         // Prints:  Infinity
System.out.println(-4.0 / 0.0);         // Prints: -Infinity


[bookmark: ch03fig02]Figure 3.2. Overflow and Underflow in Floating-point Arithmetic


[image: graphics/03fig02.gif]

Both positive and negative infinity represent overflow to infinity, that is, the value is too large to be represented as a double or float (see Figure 3.2). Signed infinity is represented by named constants POSITIVE_INFINITY and NEGATIVE_INFINITY, in the wrapper classes java.lang.Float and java.lang.Double. A value can be compared with these constants to detect overflow.[bookmark: idd1e16297][bookmark: idd1e16302][bookmark: idd1e16307][bookmark: idd1e16312]

Floating-point arithmetic can also result in underflow to zero, that is, the value is too small to be represented as a double or float (see Figure 3.2). Underflow occurs in the following situations:[bookmark: idd1e16331]

	the result is between Double.MIN_VALUE (or Float.MIN_VALUE) and zero; for example, the result of (5.1E-324 - 4.9E-324). Underflow then returns positive zero 0.0 (or 0.0F).[bookmark: idd1e16355]

	the result is between -Double.MIN_VALUE (or -Float.MIN_VALUE) and zero; for example, the result of (-Double.MIN_VALUE * 1E-1). Underflow then returns negative zero -0.0 (or -0.0F).[bookmark: idd1e16379]



Negative zero compares equal to positive zero, i.e. (-0.0 == 0.0) is true.

Certain operations have no mathematical result, and are represented by NaN (Not a Number), for example calculating the square root of -1. Another example is (floating-point) dividing zero by zero:[bookmark: idd1e16399]


System.out.println(0.0 / 0.0);        // Prints: NaN


NaN is represented by the constant named NaN in the wrapper classes java.lang.Float and java.lang.Double. Any operation involving NaN produces NaN. Any comparison (except inequality !=) involving NaN and any other value (including NaN) returns false. An inequality comparison of NaN with another value (including NaN) always returns true. However, the recommended way of checking a value for NaN is to use the static method isNaN() defined in both wrapper classes, java.lang.Float and java.lang.Double.

[bookmark: ch03lev3sec5] Strict Floating-Point Arithmetic: strictfp
[bookmark: idd1e16443]
Although floating-point arithmetic in Java is defined in accordance with the IEEE-754 32-bit (float) and 64-bit (double) standard formats, the language does allow JVM implementations to use other extended formats for intermediate results. This means that floating-point arithmetic can give different results on such JVMs, with possible loss of precision. Such a behavior is termed non-strict, in contrast to being strict and adhering to the standard formats.

To ensure identical results are produced on all JVMs, the keyword strictfp can be used to enforce strict behavior for floating-point arithmetic. The modifier strictfp can be applied to classes, interfaces, and methods. A strictfp method ensures that all code in the method is executed strictly. If a class or interface is declared to be strictfp, then all code (in methods, initializers, and nested classes and interfaces) is executed strictly. If the expression is determined to be in a strictfp construct, it is executed strictly. However, note that strictness is not inherited by the subclasses or subinterfaces. Constant expressions are always evaluated strictly at compile time.

[bookmark: ch03lev2sec12] Unary Arithmetic Operators: -, +
[bookmark: idd1e16492]
The unary operators have the highest precedence of all the arithmetic operators. The unary operator - negates the numeric value of its operand. The following example illustrates the right associativity of the unary operators:


int value = - -10;              // (-(-10)) is 10


Notice the blank needed to separate the unary operators; otherwise, these would be interpreted as the decrement operator -- (see Section 3.7, p. 63). The unary operator + has no effect on the evaluation of the operand value.

How negative integers are represented using 2's complement, is discussed in Section G.4 on page 598.

[bookmark: ch03lev2sec13] Multiplicative Binary Operators: *, /, %
[bookmark: idd1e16539]
[bookmark: ch03lev3sec6] Multiplication Operator: *
[bookmark: idd1e16550]
Multiplication operator * multiplies two numbers.


int    sameSigns     = -4    * -8;        // result:  32
double oppositeSigns =  4.0  * -8.0;      // result: -32.0
int    zero          =  0    * -0;        // result:   0


[bookmark: ch03lev3sec7] Division Operator: /
[bookmark: idd1e16567]
The division operator / is overloaded. If its operands are integral, the operation results in integer division.[bookmark: idd1e16581][bookmark: idd1e16586]


int    i1 = 4  / 5;   // result: 0
int    i2 = 8  / 8;   // result: 1
double d1 = 12 / 8;   // result: 1 by integer division. d1 gets the value 1.0.


Integer division always returns the quotient as an integer value, i.e. the result is truncated toward zero. Note that the division performed is integer division if the operands have integral values, even if the result will be stored in a floating-point type.

An ArithmeticException is thrown when attempting integer division with zero, meaning that integer division by zero is an illegal operation.

If any of the operands is a floating-point type, the operation performs floating-point division.[bookmark: idd1e16613]


double d2 = 4.0 / 8;      // result: 0.5
double d3 = 8 / 8.0;      // result: 1.0
double d4 = 12.0F / 8;    // result: 1.5F

double result1 = 12.0 / 4.0 * 3.0;       // ((12.0 / 4.0) * 3.0) which is 9
double result2 = 12.0 * 3.0 / 4.0;       // ((12.0 * 3.0) / 4.0) which is 9


[bookmark: ch03lev3sec8] Remainder Operator: %
[bookmark: idd1e16629]
In mathematics, when we divide a number (the dividend) by a another number (the divisor), the result can be expressed in terms of a quotient and a remainder. For example, dividing 7 by 5, the quotient is 1 and the remainder is 2. The remainder operator % returns the remainder of the division performed on the operands.


int quotient  = 7 / 5;   // Integer division operation: 1
int remainder = 7 % 5;   // Integer remainder operation: 2


For integer remainder operation, where only integer operands are involved, evaluation of the expression (x % y) always satisfies the following relation:[bookmark: idd1e16654]


x == (x / y) * y + (x % y)


In other words, the right-hand side yields a value that is always equal to the value of the dividend. The following examples show how we can calculate the remainder so that the above relation is satisfied:

Calculating (7 % 5):


7 == (7 / 5) * 5 + (7 % 5)
  == (  1  ) * 5 + (7 % 5)
  ==           5 + (7 % 5)
2 ==               (7 % 5)        i.e., (7 % 5) is equal to 2


Calculating (7 % -5):


7 == (7 / -5) * -5 + (7 % -5)
  == (  -1  ) * -5 + (7 % -5)
  ==             5 + (7 % -5)
2 ==                 (7 % -5)     i.e., (7 % -5) is equal to 2


Calculating (-7 % 5):


-7 == (-7 / 5) * 5 + (-7 % 5)
== (  -1  ) * 5 + (-7 % 5)
==           -5 + (-7 % 5)
-2 ==                (-7 % 5)     i.e., (-7 % 5) is equal to -2


Calculating (-7 % -5):


-7 == (-7 / -5) * -5 + (-7 % -5)
== (   1   ) * -5 + (-7 % -5)
==             -5 + (-7 % -5)
-2 ==                  (-7 % -5)  i.e., (-7 % -5) is equal to -2


The above relation shows that the remainder can only be negative if the dividend is negative, the sign of the divisor is irrelevant. A short-cut to evaluating the remainder involving negative operands is the following: ignore the signs of the operands, calculate the remainder, and negate the remainder if the dividend is negative.


int  r0 =  7  %  7;     //  0
int  r1 =  7  %  5;     //  2
long r2 =  7L % -5L;    //  2L
int  r3 = -7  %  5;     // -2
long r4 = -7L % -5L;    // -2L
boolean relation = -7L == (-7L / -5L) * -5L + r4;  // true


An ArithmeticException is thrown when attempting integer remainder operation with zero.

Note that the remainder operator not only accepts integral operands, but floating-point operands as well. The floating-point remainder r is defined by the relation:[bookmark: idd1e16778]


r == a - (b * q)


where a and b are the dividend and the divisor, respectively, and q is the integer quotient of (a/b). The following examples illustrate a floating-point remainder operation:


double  dr0 =  7.0  %  7.0;    //  0.0
float   fr1 =  7.0F %  5.0F;   //  2.0F
double  dr1 =  7.0  % -5.0;    //  2.0
float   fr2 = -7.0F %  5.0F;   // -2.0F
double  dr2 = -7.0  % -5.0;    // -2.0
boolean fpRelation = dr2  == (-7.0) - (-5.0) * (long)(-7.0 / -5.0);  // true
float   fr3 = -7.0F %  0.0F;   // NaN


[bookmark: ch03lev2sec14] Additive Binary Operators: +, -
[bookmark: idd1e16827]
The addition operator + and the subtraction operator - behave as their names imply: add or subtract values. The binary operator + also acts as string concatenation if any of the operands is a string (see Section 3.6, p. 62).

Additive operators have lower precedence than all the other arithmetic operators. Table 3.4 includes examples that show how precedence and associativity are used in arithmetic expression evaluation.

[bookmark: ch03table04]Table 3.4. Examples of Arithmetic Expression Evaluation
	Arithmetic Expression
	Evaluation
	Result When Printed

	3 + 2 - 1
	((3 + 2) - 1)
	4

	2 + 6 * 7
	(2 + (6 * 7))
	44

	-5+7- -6 
	(((-5)+7)-(-6))
	8

	2+4/5
	(2+(4/5))
	2

	13 % 5
	(13 % 5)
	3

	11.5 % 2.5
	(11.5 % 2.5)
	1.5

	10 / 0
	ArithmeticException
	 
	2+4.0/5
	(2.0+(4.0/5.0))
	2.8

	4.0 / 0.0
	(4.0 / 0.0)
	Infinity

	-4.0 / 0.0
	((-4.0) / 0.0)
	-Infinity

	0.0 / 0.0
	(0.0 / 0.0)
	NaN




[bookmark: ch03lev2sec15] Numeric Promotions in Arithmetic Expressions

Unary numeric promotion is applied to the single operand of unary arithmetic operators - and +. In other words, when a unary operator is applied to an operand of byte, short or char type, the operand is first promoted to a value of type int, with the evaluation resulting in an int value. If the conditions for implicit narrowing conversion are not fulfilled (p. 48), assigning the int result to a variable of these types will require an explicit cast. This is demonstrated by the following example, where the byte operand b is promoted to an int in the expression (-b):


byte b = 3;           // int literal in range. Implicit narrowing.
b = (byte) -b;        // Explicit narrowing on assignment required.


Binary numeric promotion is applied to operands of binary arithmetic operators. Its application leads to automatic type promotion for the operands. The result is of the promoted type, which is always type int or wider. For the expression at (1) in Example 3.1, numeric promotions proceed as shown in Figure 3.3. Note the integer division performed in evaluating the subexpression (c / s).

[bookmark: ch03list01]Example 3.1 Numeric Promotion in Arithmetic Expressions


public class NumPromotion {
    public static void main(String[] args) {
        byte   b = 32;
        char   c = 'z';  // Unicode value 122 (\u007a)
        short  s = 256;
        int    i = 10000;
        float  f = 3.5F;
        double d = 0.5;
        double v = (d * i) + (f * - b) - (c / s);     // (1) 4888.0D
        System.out.println("Value of v: " + v);
    }
}


Output from the program:


Value of v: 4888.0


[bookmark: ch03fig03]Figure 3.3. Numeric Promotion in Arithmetic Expressions


[image: graphics/03fig03.gif]

In addition to the binary numeric promotions in arithmetic expression evaluation, the resulting value can undergo an implicit widening conversion if assigned to a variable.


byte   b = 10;
short  s = 20;
char   c = 'z';      // 122 (\u007a) 
int    i = s * b;    // Values in s and b converted to int.
long   n = 20L + s;  // Value in s converted to long.
float  r = s + c;    // Values in s and c promoted to int, followed by implicit
                     // widening conversion of int to float on assignment.
double d = r + i;    // value in i promoted to float, followed by implicit
                     // widening conversion of float to double on assignment.


Binary numeric promotion for operands of binary operators implies that each byte, short, or char operand of a binary operator is promoted to type int or broader numeric type, if necessary. As with unary operators, care must be exercised in assigning the value resulting from applying a binary operator to operands of these types.


short h = 40;          // OK: int converted to short. Implicit narrowing.
h = h + 2;             // Error: cannot assign an int to short.


The value of expression h + 2 is of type int. Although the result of the expression is in the range of short, this cannot be determined at compile time. The assignment requires an explicit cast.


h = (short) (h + 2);   // OK


Notice that applying the cast to the int value 2 only does not work:


h = h + (short) 2;     // Requires an additional cast.


In this case, binary numeric promotion leads to an int value as the result of evaluating the expression on the right-hand side and, therefore, requires an additional cast to narrow it to a short value.

[bookmark: ch03lev2sec16] Arithmetic Compound Assignment Operators: *=, /=, %=, +=, -=
[bookmark: idd1e17247][bookmark: idd1e17254][bookmark: idd1e17259][bookmark: idd1e17264][bookmark: idd1e17269][bookmark: idd1e17274]
A compound assignment operator has the following syntax:


<variable> <op>= <expression>


and the following semantics:


<variable> = (<type>) (<variable> <op> (<expression>))


The type of the <variable> is <type>, and the <variable> is evaluated only once. Note the cast and the parentheses implied in the semantics. Here <op>= can be any of the compound assignment operators specified in Table 3.1. The compound assignment operators have the lowest precedence of all the operators in Java, allowing the expression on the right-hand side to be evaluated before the assignment. Table 3.5 defines the arithmetic compound assignment operators.

[bookmark: ch03table05]Table 3.5. Arithmetic Compound Assignment Operators
	Expression:
	Given T as the Numeric Type of x, the Expression Is Evaluated as:

	x *= a
	x = (T) ((x) * (a))

	x /= a
	x = (T) ((x) / (a))

	x %= a
	x = (T) ((x) % (a))

	x += a
	x = (T) ((x) + (a))

	x -= a
	x = (T) ((x) - (a))




The implied cast, (T), in the compound assignments becomes necessary when the result must be narrowed to the destination type. This is illustrated by the following examples:


int i = 2;
i *= i + 4;             // (1) Evaluated as i = (int) (i * (i + 4)).

byte b = 2;
b += 10;                // (2) Evaluated as b = (byte) ((int) b + 10).
b = b + 10;             // (3) Will not compile. Explicit cast required.


At (1) the source int value is assigned to the destination int variable, and the cast in this case is an identity conversion (i.e., conversion from a type to the same type). Such casts are permitted. However, at (2), the source value is an int value because the byte value in b is promoted to int to carry out the addition, and to assign it to a destination byte variable requires an implicit narrowing conversion. The situation at (3) with simple assignment will not compile, because implicit narrowing is not applicable.[bookmark: idd1e17477]

The <variable> is only evaluated once in the expression, not twice, as one might infer from the definition of the compound assignment operator. In the following assignment, a[i] is only evaluated once:


a[i] += 1;


Implicit narrowing conversions are also applied for increment and decrement operators (see Section 3.7, p. 63).[bookmark: idd1e17503]

Other compound assignment operators include boolean logical (see Section 3.11, p. 71), bitwise (see Section 3.13, p. 78), and shift (see Section 3.14, p. 83) operators.









[bookmark: ch03lev1sec7] Review Questions

[image: graphics/rq_icon.gif]
	[bookmark: ch03qa2q1]3.4	
Which of the following expressions will be evaluated using floating-point arithmetic?

Select the three correct answers.

	2.0 * 3.0


	2 * 3

	2/3 + 5/7

	2.4 + 1.6

	0x10 * 1L * 300.0


	[bookmark: ch03qa2q2]3.5	
What is the value of the expression (1 / 2 + 3 / 2 + 0.1)?

Select the one correct answer.

	1


	1.1

	1.6

	2

	2.1


	[bookmark: ch03qa2q3]3.6	
What will be the result of attempting to compile and run the following program?


public class Integers {
    public static void main(String[] args) {
        System.out.println(0x10 + 10 + 010);
    }
}


Select the one correct answer.

	The program will not compile. The compiler will complain about the expression 0x10 + 10 + 010.


	When run, the program will print 28.

	When run, the program will print 30.

	When run, the program will print 34.

	When run, the program will print 36.

	When run, the program will print 101010.


	[bookmark: ch03qa2q4]3.7	
Which of the following expressions are valid?

Select the three correct answers.

	(- 1 -)


	(+ + 1)

	(+-+-+-1)

	(--1)

	(1 * * 1)

	(- -1)


	[bookmark: ch03qa2q5]3.8	
What is the value of evaluating the following expression (- -1-3 * 10 / 5-1)?

Select the one correct answer.

	�8


	�6

	7

	8

	10

	None of the above.


	[bookmark: ch03qa2q6]3.9	
Which of these assignments are valid?

Select the four correct answers.

	short s = 12;


	long l = 012;

	int other = (int) true;

	float f = -123;

	double d = 0x12345678;













[bookmark: ch03lev1sec8]3.6 The Binary String Concatenation Operator +
[bookmark: idd1e17955]
The binary operator + is overloaded in the sense that the operation performed is determined by the type of the operands. When one of the operands is a String object, the other operand is implicitly converted to its string representation and string concatenation is performed. Non-String operands are converted as follows:

	For a operand of a primitive data type, its value is converted to a String object with the string representation of the value.

	Values like true, false, and null are represented by string representations of these literals. A reference variable with the value null also has the string representation "null" in this context.

	For all reference value operands, a string representation is constructed by calling the toString() method on the referred object. Most classes override this method from the Object class in order to provide a more meaningful string representation of their objects. Discussion of the toString() method can be found in Section 10.2.[bookmark: idd1e18016][bookmark: idd1e18021][bookmark: idd1e18026]



The result of the concatenation is always a new String object. The String class is discussed in Section 10.5.


String theName = " Uranium";
theName = " Pure" + theName;                  // " Pure Uranium"
String trademark1 = 100 + "%" + theName;      // "100% Pure Uranium"      (1)


The integer literal 100 is implicitly converted to the string "100" before concatenation. This conversion is corresponds to first creating an object of the wrapper class Integer, which represents the integer 100, and then creating a string from this object by using the toString() method supplied by this class:


new Integer(100).toString();


Note that using the character literal '%', instead of the string literal "%" in line (1) above, does not give the same result:


String trademark2 = 100 + '%' + theName;      // "137 Pure Uranium"


Integer addition is performed by the first + operator: 100 + '%', that is, (100 + 37). Caution should be exercised as the + operator might not be applied as intended, as shown by the following example:


System.out.println("We put two and two together and get " + 2 + 2);


The above statement prints "We put two and two together and get 22" and not "We put two and two together and get 4". The first integer literal 2 is promoted to a String literal "2" for the first concatenation, resulting in the String literal "We put two and two together and get 2". This result is then concatenated with the String literal "2". The whole process proceeds as follows:


"We put two and two together and get " +  2  +  2
"We put two and two together and get " + "2" +  2
"We put two and two together and get 2" +  2
"We put two and two together and get 2" + "2"
"We put two and two together and get 22"


Both occurrences of the + operator are treated as string concatenation. A pair of parentheses might be in order to perform arithmetic addition, to convey the intended meaning of the sentence


System.out.println("We put two and two together and get " + (2 + 2));


The compiler uses a string buffer to avoid the overhead of temporary String objects when applying the string concatenation operator (+), as explained in Section 10.6 on page 424.[bookmark: idd1e18162][bookmark: idd1e18165]
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