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             Preface

  Welcome to Starting Out with Java: From Control Structures through Objects, Eighth Edition, Global Edition. This book is intended for a one-semester or a two-quarter CS1 course. Although it is written for students with no prior programming background, even experienced students will benefit from its depth of detail.



             Control Structures First, Then Objects

  
This text first introduces the student to the fundamentals of data types, input and output, control structures, methods, and objects created from standard library classes.


Next, the student learns to use arrays of primitive types and reference types. After this, the student progresses through more advanced topics, such as inheritance, polymorphism, the creation and management of packages, GUI applications, recursion, and database programming. From early in the book, applications are documented with javadoc comments. As the student progresses through the text, new javadoc tags are covered and demonstrated.


As with all the books in the Starting Out With … series, the hallmark of this text is its clear, friendly, and easy-to-understand writing. In addition, it is rich in example programs that are concise and practical.





  

		

			

			

				Content Highlights


			


			

				What’s New in the Eighth Edition?


			


			

				

					Over time, notes about modifications and additions to this course will appear in this section. 


			


			

				

						Modern language features compatible with Java 12 and later are introduced throughout


						Platform and performance enhancements for Students and Instructors


						New platform learning tools Shared Media, Video Quiz, and Writing Assignments


						Refined and enhanced scored and non-scored assessment items to deepen student learning


				


			


			

				Changes in the Eighth Edition


			


			

				This book’s pedagogy, organization, and clear writing style remain the same as in the previous edition. Many improvements and updates have been made, which are summarized here:


			


			

			

				

					JShell:

				


				

						This edition introduces JShell, an interactive program that lets you enter Java programming statements and immediately see each statement’s results without having to write and compile a complete Java program. JShell has been included in the JDK since Java 9 and is an effective tool for learning Java and prototyping Java code. In this edition, a new section titled JShell Experiment appears in Chapters 2 through 7 and 9. These sections lead the student through a JShell session designed to highlight a topic in the chapter.


				


				

					Chapter 2:

				


				

						Variable declarations using var are introduced as a way to simplify complex variable declarations. The restricted word var causes the compiler to infer a variable’s data type from its initialization value.


						The introduction to JOptionPane has been moved from Chapter 2 to Appendix A, and JOptionPane dialogs are no longer used in example console programs. This is for two reasons: 1) JOptionPane is part of the Swing library, and in recent years, JavaFX has replaced Swing as the standard GUI library for Java. 2) Using two different styles of user input (the Scanner class and the JOptionPane class) can sometimes cause confusion for beginner students. For adopters who still prefer to use JOptionPane, however, the introductory material can be found in Appendix A.


				


				

					Chapter 3:

				


				

						New features of the switch statement are introduced, such as multivalue case statements, switch expressions, arrow (->) syntax, and switch expressions that return a value.


				


				

					Chapter 4:

				


				

						The try-with-resources statement is introduced, and throughout the rest of the text, is used as the preferred technique for opening files and managing resources.


				


				

					Chapter 6:

				


				

						The BankAccount class has been simplified.An additional class example, the Contact class has been added.


				


				

					Chapter 7:

				


				

						The length field of arrays is introduced much earlier.


				


				

					Chapter 8:

				


				

						This chapter now has a detailed explanation of writing statements that use method chaining.A section on writing mutable and immutable classes has now been added.


				


				

					Chapter 9:

				


				

						Several new String methods have been introduced, such as contains(), repeat(), replace(), strip(), stripLeading(), stripTrailing(), and indent().


				


				

					Chapter 10:

				


				

						This chapter has a new section on final classes and final methods and includes a discussion of why immutable classes should be final.


						It includes a new section on private interface methods in addition to a new In the Spotlight section on Dice, Coins, and the Tossable Interface.


						It also has a new section on arrays and ArrayLists of interface references.


				


				

					Chapter 11:

				


				

						The introduction to exceptions has been rewritten with an improved pedagogy. The new material also includes a discussion on using the Java API documentation to determine the exceptions that API methods throw, the superclasses that an exception class extends, and the package that a particular exception class is in.


						This chapter also has a new section on the extended try-with-resources statement, and discusses how it can be used to handle exceptions.


				


				

					Chapter 12:

				


				

						This chapter has a new section on displaying dialog boxes with the JavaFX Alert class.


				


				

					Chapter 13:

				


				

						This chapter includes new section on displaying multiple windows (stages) in a JavaFX application.


				


				

					Chapter 16:

				


				

						This chapter now uses the try-with-resources statement to create and manage Connection, Statement, and ResultSet objects.


						A new section on parameterized queries and the PreparedStatement class has been Included.


						Several new examples have been added and many of the existing examples have been simplified.


				


				

					Appendix E gives step-by-step instructions for installing OpenJDK on Windows and macOS.


				A new Appendix F gives step-by-step instructions for installing JavaFX on Windows and macOS.


			


		


	

		

			

			

				Organization of the Text


			


			

				The text teaches Java step-by-step. Each chapter covers a major set of topics and builds knowledge as students progress through the book. Although the chapters can be easily taught in their existing sequence, there is some flexibility. Figure P-1 shows chapter dependencies. Each box represents a chapter or a group of chapters. An arrow points from a chapter to the chapter that must be previously covered.


			


			

				

					

						Figure P-1 Chapter Dependency Chart


					

						[image: The figure shows a flow chart.]

					


				


				The figure shows a flow chart and flow is shown from bottom to top. The first block on the bottom row is labeled Chapter 13 JavaFX: Advanced Controls. The second block on the bottom row is labeled Chapter 14 JavaFX: Graphics, Effects, and Media. Arrows from these two blocks labeled Depends On, point to a block labeled Chapter 12 JavaFX: G U I Programming and Basic Controls. The block left to the block labeled Chapter 12 JavaFX: G U I Programming and Basic Controls is labeled Chapter 11 Exceptions and Advanced File I / O. Arrows from these two blocks labeled Depends On, point to a block labeled Chapter 10 Inheritance. An arrow from this block points to the next block on the top labeled Chapter 8 A Second Look at Classes and Objects. The block left to the chapter 8 block is labeled Chapter 9 Text Processing and Wrapper Classes. The blocks right to the chapter 8 block are labeled Chapter 16 Databases and Chapter 15 Recursion. Arrows from these four blocks labeled Depend On, points to the block labeled Chapters 1 - 7 (Cover in Order) Java Fundamentals. A dashed arrow from the chapter 16 block points to the chapter 12 block. The arrow is labeled Some examples in Chapter 16 use JavaFX, which is introduced in Chapter 12. Another dashed arrow from chapter 15 block points to the chapter 14 block. This arrow is labeled as follows: One example in Chapter 15 uses the JavaFX Circle class, which is introduced in Chapter 14.


					


	

		

			

			

				Brief Overview of Each Chapter


			


				

				

					Chapter 1: Introduction to Computers and Java

				


			


			

				This chapter provides an introduction to the field of computer science and covers the fundamentals of hardware, software, and programming languages. The elements of a program, such as key words, variables, operators, and punctuation, are discussed by examining a simple program. An overview of entering source code, compiling, and executing a program is presented. A brief history of Java is also given.


			


			

				

					Chapter 2: Java Fundamentals

				


			


			

				This chapter gets students started in Java by introducing data types, identifiers, variable declarations, constants, comments, program output, and simple arithmetic operations. The conventions of programming style are also introduced. Students learn to read console input with the Scanner class and with dialog boxes using 

					JOptionPane.


			


			

				

					Chapter 3: Decision Structures

				


			


			

				In this chapter students explore relational operators and relational expressions and are shown how to control the flow of a program with the if, if-else, and if-else-if statements. Nested if statements, logical operators, the conditional operator, and the switch statement are also covered. The chapter discusses how to compare String objects with the equals, compareTo, equalsIgnoreCase, and compareToIgnoreCase methods. Formatting numeric output with the System.out.printf method and the String.format method is discussed.


			


			

				

					Chapter 4: Loops and Files

				


			


			

				This chapter covers Java’s repetition control structures. The while loop, do-while loop, and for loop are taught, along with common uses for these devices. Counters, accumulators, running totals, sentinels, and other application-related topics are discussed. Simple file operations for reading and writing text files are included.


			


			

				

					Chapter 5: Methods

				


			


			

				In this chapter students learn how to write void methods, value-returning methods, and methods that do and do not accept arguments. The concept of functional decomposition is discussed.


			


			

				

					Chapter 6: A First Look at Classes

				


			


			

				This chapter introduces students to designing classes for the purpose of instantiating objects. Students learn about class fields and methods, and UML diagrams are introduced as a design tool. Then constructors and overloading are discussed. A BankAccount class is presented as a case study, and a section on object-oriented design is included. This section leads the students through the process of identifying classes and their responsibilities within a problem domain. There is also a section that briefly explains packages and the import statement.


			


			

				

					Chapter 7: Arrays and the 

					

						ArrayList

					

					 Class

				


			


			

				In this chapter students learn to create and work with single and multi-dimensional arrays. Numerous array-processing techniques are demonstrated, such as summing the elements in an array, finding the highest and lowest values, and sequentially searching an array. Other topics, including ragged arrays and variable-length arguments (varargs), are also discussed. The ArrayList class is introduced, and Java’s generic types are briefly discussed and demonstrated.


			


			

				

					Chapter 8: A Second Look at Classes and Objects

				


			


			

				This chapter shows students how to write classes with added capabilities. Static methods and fields, interaction between objects, passing objects as arguments, and returning objects from methods are discussed. Aggregation and the “has a” relationship is covered, as well as enumerated types. A section on object-oriented design shows how to use CRC cards to determine the collaborations among classes.


			


			

				

					Chapter 9: Text Processing and More about Wrapper Classes

				


			


			

				This chapter discusses the numeric and Character wrapper classes. Methods for converting numbers to strings, testing the case of characters, and converting the case of characters are covered. Autoboxing and unboxing are also discussed. More String class methods are covered, including using the split method to tokenize strings. The chapter also covers the StringBuilder class.


			


			

				

					Chapter 10: Inheritance

				


			


			

				The study of classes continues in this chapter with the subjects of inheritance and polymorphism. The topics covered include superclasses, subclasses, how constructors work in inheritance, method overriding, polymorphism and dynamic binding, protected and package access, class hierarchies, abstract classes, abstract methods, anonymous inner classes, interfaces, and lambda expressions.


			


			

				

					Chapter 11: Exceptions and Advanced File I/O

				


			


			

				In this chapter students learn to develop enhanced error trapping techniques using exceptions. Handling exceptions is covered, as well as developing and throwing custom exceptions. The chapter discusses advanced techniques for working with sequential access, random access, text, and binary files.


			


			

				

					Chapter 12: JavaFX: GUI Programming and Basic Controls

				


			


			

				This chapter presents the basics of developing graphical user interface (GUI) applications with JavaFX. Fundamental controls, layout containers, and the basic concepts of event-driven programming are covered.


			


			

				

					Chapter 13: JavaFX: Advanced Controls

				


			


			

				This chapter discusses CSS styling and advanced user interface controls, such as RadioButtons, CheckBoxes, ListViews, ComboBoxes, Sliders, and TextAreas. Menu systems and FileChoosers are also covered.


			


			

				

					Chapter 14: JavaFX: Graphics, Effects, and Media

				


			


			

				This chapter discusses 2D shapes, animation, visual effects, playing audio and video, and responding to mouse and keyboard events.


			


			

				

					Chapter 15: Recursion

				


			


			

				This chapter presents recursion as a problem-solving technique. Numerous examples of recursive methods are demonstrated.


			


			

				

					Chapter 16: Databases

				


			


			

				This chapter introduces the student to database programming. The basic concepts of database management systems and SQL are first introduced. Then the student learns to use JDBC to write database applications in Java. Relational data is covered, and numerous example programs are presented throughout the chapter.


			


		


	



Features of the Text




Topics




Each chapter starts with a list of topics that will be taught throughout. Each section lists concepts for that specific section.




VideoNotes




VideoNotes are narrated step-by-step video tutorials that show how to solve problems completely, from design through coding.




Example Programs and Program Output




The text has hundreds of complete example programs, each designed to highlight the topic currently being studied. In most cases, these are practical, real-world examples. Source code for these programs is provided so that students can run the programs themselves.




After each example program, there is a sample of its screen output. This immediately shows the student how the program should function.





 




Sample: Code Listing (ValueReturn.java)









1  /**
2    This program demonstrates a value-returning method.
3  */
4  
5  public class ValueReturn
6  {
7     public static void main(String[] args)
8     {
9        int total, value1 = 20, value2 = 40;
10 
11       // Call the sum method, passing the contents of
12       // value1 and value2 as arguments. Assign the
13       // return value to the total variable.
14       total = sum(value1, value2);
15 
16       // Display the contents of all these variables.
17       System.out.println("The sum of " + value1 +
18                          " and " + value2 + " is " +
19                          total);
20    }
21 
22    /**
23      The sum method returns the sum of its two parameters.
24      @param num1 The first number to be added.
25      @param num2 The second number to be added.
26      @return The sum of num1 and num2.
27   */
28 
29   public static int sum(int num1, int num2)
30   {
31      int result; // result is a local variable
32 
33      // Assign the value of num1 + num2 to result.
34      result = num1 + num2;
35 
36      // Return the value in the result variable.
37      return result;
38   }
39 }










Program Output








The sum of 20 and 40 is 60










 







Checkpoints




Checkpoints, highlighted by the checkmark icon, appear at intervals throughout each chapter. They are designed to check students’ knowledge soon after learning a new topic. Answers for all Checkpoint questions are provided in Appendix K, which can be downloaded from the student resource page.





In the Spotlight




Each of these sections provides a programming problem and a detailed, step-by-step analysis showing the student how to solve it.




JShell




These sections lead the student through a JShell session designed to highlight a topic in the chapter.




Notes




Notes appear at appropriate places throughout the text. They are short explanations of interesting or often misunderstood points relevant to the topic at hand.




Warnings




Warnings caution the student about certain Java features, programming techniques, or practices that can lead to malfunctioning programs or lost data.




Case Studies




Case studies that simulate real-world applications appear in many chapters throughout the text. These case studies are designed to highlight the major topics of the chapter in which they appear.




Programming Challenges




Each chapter offers programming exercises designed to solidify the student’s knowledge of the topics currently being studied. In most cases, the assignments present real-world problems to be solved. When applicable, these exercises include input validation rules.
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Chapter 1 Introduction to Computers and Java


Topics


1.1 Introduction


1.2 Why Program?


1.3 Computer Systems: Hardware and Software


1.4 Programming Languages


1.5 What Is a Program Made of?


1.6 The Programming Process


1.7 Object-Oriented Programming



             1.1: Introduction


This book teaches programming using Java. Java is a powerful language that runs on practically every type of computer. It can be used to create large applications, small programs, mobile applications, and code that powers a Web site. Before plunging right into learning Java, however, this chapter will review the fundamentals of computer hardware and software, and then take a broad look at computer programming in general.



             1.2: Why Program?


CONCEPT: Computers can do many different jobs because they are programmable.


Every profession has tools that make the job easier to do. Carpenters use hammers, saws, and measuring tapes. Mechanics use wrenches, screwdrivers, and ratchets. Electronics technicians use probes, scopes, and meters. Some tools are unique and can be categorized as belonging to a single profession. For example, surgeons have certain tools that are designed specifically for surgical operations. Those tools probably aren’t used by anyone other than surgeons. There are some tools, however, that are used in several professions. Screwdrivers, for instance, are used by mechanics, carpenters, and many others.


The computer is a tool used by so many professions that it cannot be easily categorized. It can perform so many different jobs that it is perhaps the most versatile tool ever made. To the accountant, computers balance books, analyze profits and losses, and prepare tax reports. To the factory worker, computers control manufacturing machines and track production. To the mechanic, computers analyze the various systems in an automobile and pinpoint hard-to-find problems. The computer can do such a wide variety of tasks because it can be programmed. It is a machine specifically designed to follow instructions. Because of the computer’s programmability, it doesn’t belong to any single profession. Computers are designed to do whatever job their programs, or Software: computer programs, tell them to do.


Computer programmers do a very important job. They create software that transforms computers into the specialized tools of many trades. Without programmers, the users of computers would have no software, and without software, computers would not be able to do anything.


Computer programming is both an art and a science. It is an art because every aspect of a program should be carefully designed. Here are a few of the things that must be designed for any real-world computer program:

  
	The logical flow of the instructions

	The mathematical procedures

	The layout of the programming statements

	The appearance of the screens

	The way information is presented to the user

	The program’s “user friendliness”

	Manuals, help systems, and/or other forms of written documentation




There is also a science to programming. Because programs rarely work right the first time they are written, a lot of analyzing, experimenting, correcting, and redesigning is required. This demands patience and persistence of the programmer. Writing software demands discipline as well. Programmers must learn special languages such as Java because computers do not understand English or other human languages. Programming languages have strict rules that must be carefully followed.


Both the artistic and scientific nature of programming makes writing computer software like designing a car: Both cars and programs should be functional, efficient, powerful, easy to use, and pleasing to look at.



             1.3: Computer Systems: Hardware and Software


CONCEPT: All computer systems consist of similar hardware devices and software components.


Hardware


Hardware refers to the physical components that a computer is made of. A computer, as we generally think of it, is not an individual device, but a system of devices. Like the instruments in a symphony orchestra, each device plays its own part. A typical computer system consists of the following major components:

  
	The central processing unit (CPU)

	Main memory

	Secondary storage devices

	Input devices

	Output devices




The organization of a computer system is shown in Figure 1-1.

      
Figure 1-1 The organization of a computer system


[image: A flow diagram showing typical components of a computer system.]

 At left are the images of input devices, including scanner, joystick, webcam, keyboard, mouse, camera, and electronic drawing pad. Arrows point from these to a box at center containing a central processing unit and main memory (RAM). Arrows point from this box to the right to the images of output devices, including monitors, printer, and speakers. Below the box, and connected to it by bidirectional arrows, are image of secondary storage devices, including a hard drive and a flash drive.

Let’s take a closer look at each of these devices.


The CPU


At the heart of a computer is its central processing unit, or CPU. The CPU’s job is to fetch instructions, follow the instructions, and produce some resulting data. Internally, the central processing unit consists of two parts: the control unit and the arithmetic and logic unit (ALU). The control unit coordinates all of the computer’s operations. It is responsible for determining where to get the next instruction and regulating the other major components of the computer with control signals. The arithmetic and logic unit, as its name suggests, is designed to perform mathematical operations. The organization of the CPU is shown in Figure 1-2.

      Figure 1-2

The organization of the CPU

[image: The figure illustrates the organization of the CPU.]

 The components are labeled in 2 boxes, namely Arithmetic and Logic Unit and Control Unit. A double-headed arrow is present between two components to indicate that each component is interconnected. These two boxes are placed inside a box. An arrow labeled Instruction (Input) points to the components and an arrow labeled  Result (Output) points from the components indicating the flow. 



A program is a sequence of instructions stored in the computer’s memory. When a computer is running a program, the CPU is engaged in a process known formally as the fetch/decode/execute cycle. The steps in the fetch/decode/execute cycle are as follows:

    

	Fetch
	The CPU’s control unit fetches, from main memory, the next instruction in the sequence of program instructions. 



	Decode
	The instruction is encoded in the form of a number. The control unit decodes the instruction and generates an electronic signal. 



	Execute
	The signal is routed to the appropriate component of the computer (such as the ALU, a disk drive, or some other device). The signal causes the component to perform an operation. 








These steps are repeated as long as there are instructions to perform.



             Main Memory


Commonly known as random access memory, or RAM, the computer’s main memory is a device that holds information. Specifically, RAM holds the sequences of instructions in the programs that are running and the data those programs are using.


Memory is divided into sections that hold an equal amount of data. Each section is made of eight “switches” that may be either on or off. A switch in the on position usually represents the number 1, whereas a switch in the off position usually represents the number 0. The computer stores data by setting the switches in a memory location to a pattern that represents a character or a number. Each of these switches is known as a bit, which stands for binary digit. Each section of memory, which is a collection of eight bits, is known as a byte. Each byte is assigned a unique number known as an address. The addresses are ordered from lowest to highest. A byte is identified by its address in much the same way a post office box is identified by an address. Figure 1-3 shows a series of bytes with their addresses. In the illustration, sample data is stored in memory. The number 149 is stored in the byte at address 16, and the number 72 is stored in the byte at address 23.

      Figure 1-3

Memory bytes and their addresses

[image: The figure illustrates a series of bytes with their addresses stored in memory.]

 The figure contains an array of length 30 with memory address from 0 to 29. The value 149 is stored at address 16, and the value 72 is stored at address 23. The other memory boxes are blank.



RAM is usually a volatile type of memory, used only for temporary storage. When the computer is turned off, the contents of RAM are erased.



             Secondary Storage


Secondary storage is a type of memory that can hold data for long periods of time—even when there is no power to the computer. Frequently used programs are stored in secondary memory and loaded into main memory as needed. Important data, such as word processing documents, payroll data, and inventory figures, is saved to secondary storage as well.


The most common type of secondary storage device is the disk drive. A traditional disk drive stores data by magnetically encoding it onto a spinning circular disk. Solid state drives, which store data in solid-state memory, are increasingly becoming popular. A solid-state drive has no moving parts, and operates faster than a traditional disk drive. Most computers have some sort of secondary storage device, either a traditional disk drive or a solid-state drive, mounted inside their case. External drives are also available, which connect to one of the computer’s communication ports. External drives can be used to create backup copies of important data or to move data to another computer.


In addition to external drives, many types of devices have been created for copying data, and for moving it to other computers. Universal Serial Bus drives, or USB drives are small devices that plug into the computer’s USB (Universal Serial Bus) port, and appear to the system as a disk drive. These drives do not actually contain a disk, however. They store data in a special type of memory known as flash memory. USB drives are inexpensive, reliable, and small enough to be carried in your pocket.


Input Devices


Input is any data the computer collects from the outside world. The device that collects the data and sends it to the computer is called an input device. Common input devices are the keyboard, mouse, scanner, microphone, and digital camera. Disk drives and USB drives can also be considered input devices because programs and data are retrieved from them and loaded into the computer’s memory.


Output Devices


Output is any data the computer sends to the outside world. It might be a sales report, a list of names, or an image. The data is sent to an output device, which formats and presents it. Common output devices are monitors and printers. Disk drives and USB drives can also be considered output devices because the CPU sends data to them to be saved.



             Software


As previously mentioned, software refers to the programs that run on a computer. There are two general categories of software: operating systems and application software. An operating system is a set of programs that manages the computer’s hardware devices and controls their processes. Most all modern operating systems are multitasking, which means they are capable of running multiple programs at once. Through a technique called time sharing, a multitasking system divides the allocation of hardware resources and the attention of the CPU among all the executing programs. Windows, Linux, and macOS, are multitasking operating systems.


Application software refers to programs that make the computer useful to the user. These programs solve specific problems or perform general operations that satisfy the needs of the user. Word processing, spreadsheet, and database packages are all examples of application software.







Checkpoint









	1.1 Why is the computer used by so many different people, in so many different professions?



	1.2 List the five major hardware components of a computer system.



	1.3 Internally, the CPU consists of what two units?



	1.4 Describe the steps in the fetch/decode/execute cycle.



	1.5 What is a memory address? What is its purpose?



	1.6 Explain why computers have both main memory and secondary storage.



	1.7 What does the term multitasking mean?












             1.4: Programming Languages


CONCEPT: A program is a set of instructions a computer follows in order to perform a task. A programming language is a special language used to write computer programs.


What Is a Program?


Computers are designed to follow instructions. A computer program is a set of instructions that enable the computer to solve a problem or perform a task. For example, suppose we want the computer to calculate someone’s gross pay. The following is a list of things the computer should do to perform this task.

  
	Display a message on the screen: “How many hours did you work?”

	Allow the user to enter the number of hours worked.

	Once the user enters a number, store it in memory.

	Display a message on the screen: “How much do you get paid per hour?”

	Allow the user to enter an hourly pay rate.

	Once the user enters a number, store it in memory.

	Once both the number of hours worked and the hourly pay rate are entered, multiply the two numbers and store the result in memory.

	Display a message on the screen that shows the amount of money earned. The message must include the result of the calculation performed in Step 7.




Collectively, these instructions are called an algorithm. An algorithm is a set of well-defined steps for performing a task or solving a problem. Notice that these steps are sequentially ordered. Step 1 should be performed before Step 2, and so forth. It is important that these instructions be performed in their proper sequence.


Although you and I might easily understand the instructions in the pay-calculating algorithm, it is not ready to be executed on a computer. A computer’s CPU can only process instructions that are written in machine language. If you were to look at a machine language program, you would see a stream of binary numbers (numbers consisting of only 1s and 0s). The binary numbers form machine language instructions, which the CPU interprets as commands. Here is an example of what a machine language instruction might look like:

    1011010000000101





As you can imagine, the process of encoding an algorithm in machine language is very tedious and difficult. In addition, each different type of CPU has its own machine language. If you wrote a machine language program for computer A and then wanted to run it on computer B, which has a different type of CPU, you would have to rewrite the program in computer B’s machine language.


Programming languages, which use words instead of numbers, were invented to ease the task of programming. A program can be written in a programming language, which is much easier to understand than machine language, and then translated into machine language. Programmers use software to perform this translation. Many programming languages have been created. Table 1-1 lists a few of the well-known ones.

     Table 1-1

Some well-known programming languages



	Language
	Description



	C
	C is a structured, general-purpose, procedural language developed at Bell Laboratories.



	C+ +
	Based on the C language, C+ + offers object-oriented features not found in C. C+ + was also invented at Bell Laboratories. 



	C# 
	Pronounced “C sharp.” It is a language created by Microsoft for developing applications based on the Microsoft .NET platform. 



	Go
	Go was created at Google and is primarily used to develop systems software and large server-based systems. 



	Java
	Java is an object-oriented language invented at Sun Microsystems, and is now owned by Oracle. It may be used to develop stand-alone applications that operate on a single computer, mobile apps, or applications that run over the Internet from a Web server. 



	JavaScript
	JavaScript is a programming language that can be used in a Web site to perform simple operations. Despite its name, JavaScript is not related to Java. 



	Kotlin
	Although Kotlin is a general-purpose programming language, it is widely used to develop Android mobile apps. 



	PHP
	A programming language used primarily for developing Web server applications and dynamic Web pages.



	Python
	Python is an object-oriented programming language used in both business and academia. It is a popular language for Web applications, machine learning, and data science. 



	R
	The R programming language is used for statistical computation and working with large sets of data. 



	Ruby
	Ruby is a simple but powerful object-oriented programming language. It can be used for a variety of purposes, from small utility programs to large Web applications. 



	Swift
	Swift was created at Apple, primarily for writing apps that run on iOS devices.



	Visual Basic 
	Visual Basic is a Microsoft programming language and software development environment that allows programmers to create Windows-based applications quickly.










             A History of Java


In 1991 a team was formed at Sun Microsystems (a company that is now owned by Oracle) to speculate about the important technological trends that might emerge in the near future. The team, which was named the Green Team, concluded that computers would merge with consumer appliances. Their first project was to develop a handheld device named *7 (pronounced star seven) that could be used to control a variety of home entertainment devices. For the unit to work, it had to use a programming language that could be processed by all the devices it controlled. This presented a problem because different brands of consumer devices use different processors, each with its own machine language.


Because no such universal language existed, James Gosling, the team’s lead engineer, created one. Programs written in this language, which was originally named Oak, were not translated into the machine language of a specific processor, but were translated into an intermediate language known as byte code. Another program would then translate the byte code into machine language that could be executed by the processor in a specific consumer device.


Unfortunately, the technology developed by the Green Team was ahead of its time. No customers could be found, mostly because the computer-controlled consumer appliance industry was just beginning. But rather than abandoning their hard work and moving on to other projects, the team saw another opportunity: the Internet. The Internet is a perfect environment for a universal programming language such as Oak. It consists of numerous different computer platforms connected together in a single network.


To demonstrate the effectiveness of its language, which was renamed Java, the team used it to develop a Web browser. The browser, named HotJava, was able to download and run small Java programs known as applets. This gave the browser the capability to display animation and interact with the user. HotJava was demonstrated at the 1995 SunWorld conference before a wowed audience. Later the announcement was made that Netscape would incorporate Java technology into its Navigator browser. Other Internet companies rapidly followed, increasing the acceptance and the influence of the Java language. Today, Java is very popular for developing Web applications, mobile apps, and desktop applications.



             1.5: What Is a Program Made of?


CONCEPT: There are certain elements that are common to all programming languages.


Language Elements


All programming languages have some things in common. Table 1-2 lists the common elements you will find in almost every language.

     Table 1-2

The common elements of a programming language



	Language Element
	Description



	Keywords
	These are words that have a special meaning in the programming language. They may be used for their intended purpose only. Keywords are also known as reserved words. 



	Operators
	Operators are symbols or words that perform operations on one or more operands. An operand is usually an item of data, such as a number. 



	Punctuation
	Most programming languages require the use of punctuation characters. These characters serve specific purposes, such as marking the beginning or ending of a statement, or separating items in a list. 



	Programmer-Defined Names
	Unlike keywords, which are part of the programming language, these are words or names that are defined by the programmer. They are used to identify storage locations in memory and parts of the program that are created by the programmer. Programmer-defined names are often called identifiers. 



	Syntax
	These are rules that must be followed when writing a program. Syntax dictates how keywords and operators may be used, and where punctuation symbols must appear.









Let’s look at an example Java program and identify an instance of each of these elements. Code Listing 1-1 shows the code listing with each line numbered.


 


NOTE: The line numbers are not part of the program. They are included to help point out specific parts of the program.





 




Code Listing 1-1 Payroll.java







 1  public class Payroll
 2  {
 3      public static void main(String[] args)
 4      {
 5        int hours = 40;
 6        double grossPay, payRate = 25.0; 
 7
 8        grossPay = hours * payRate;
 9        System.out.println("Your gross pay is $" + grossPay);
10      }
11  }








 





 


Keywords (Reserved Words)


Two of Java’s keywords appear in line 1: public and class. In line 3, the words public, static, and void are all keywords. The words int in line 5 and double in line 6 are also ­keywords. These words, which are always written in lowercase, each have a special meaning in Java and can only be used for their intended purpose. As you will see, the programmer is allowed to make up his or her own names for certain things in a program. Keywords, however, are reserved and cannot be used for anything other than their designated purpose. Part of learning a programming language is learning the commonly used keywords, what they mean, and how to use them.


Table 1-3 shows a list of the Java keywords1.

     Table 1-3

The Java keywords



	abstract
	const
	final
	int
	public
	throw 



	assert
	continue
	finally
	interface
	return
	throws



	boolean
	default
	float
	long
	short
	transient



	break
	do
	for
	native
	static
	true



	byte
	double
	goto
	new
	strictfp
	try



	case
	else
	if
	null
	super
	void



	catch
	enum
	implements
	package
	switch
	volatile



	char
	extends 
	import
	private
	synchronized
	while



	class﻿
	false
	instanceof
	protected
	this
	









Programmer-Defined Names


The words hours, payRate, and grossPay that appear in the program in lines 5, 6, 8, and 9 are programmer-defined names. They are not part of the Java language but are names made up by the programmer. In this particular program, these are the names of variables. As you will learn later in this chapter, variables are the names of memory locations that may hold data.


Operators


In line 8 the following line appears:

    grossPay = hours * payRate;





The = and * symbols are both operators. They perform operations on items of data, known as operands. The * operator multiplies its two operands, which in this example are the variables hours and payRate. The = symbol is called the assignment operator. It takes the value of the expression that appears at its right and stores it in the variable whose name appears at its left. In this example, the = operator stores in the grossPay variable the result of the hours variable multiplied by the payRate variable. In other words, the statement says, “the grossPay variable is assigned the value of hours times payRate.”


Punctuation


Notice that lines 5, 6, 8, and 9 end with a semicolon. A semicolon in Java is similar to a period in English: It marks the end of a complete sentence (or statement, as it is called in programming jargon). Semicolons do not appear at the end of every line in a Java program, however. There are rules that govern where semicolons are required and where they are not. Part of learning Java is learning where to place semicolons and other punctuation symbols.



             Lines and Statements


Often, the contents of a program are thought of in terms of lines and statements. A line is just that—a single line as it appears in the body of a program. Code Listing 1-1 is shown with each of its lines numbered. Most of the lines contain something meaningful; however, line 7 is empty. Blank lines are only used to make a program more readable.


A statement is a complete instruction that causes the computer to perform some action. Here is the statement that appears in line 9 of Code Listing 1-1:

    System.out.println("Your gross pay is $" + grossPay);





This statement causes the computer to display a message on the screen. Statements can be a combination of keywords, operators, and programmer-defined names. Statements often occupy only one line in a program, but sometimes they are spread out over more than one line.



             Variables


The most fundamental way that a Java program stores an item of data in memory is with a variable. A variable is a named storage location in the computer’s memory. The data stored in a variable may change while the program is running (hence the name “variable”). Notice that in Code Listing 1-1 the programmer-defined names hours, payRate, and grossPay appear in several places. All three of these are the names of variables. The hours variable is used to store the number of hours the user has worked. The payRate variable stores the user’s hourly pay rate. The grossPay variable holds the result of hours multiplied by payRate, which is the user’s gross pay.


Variables are symbolic names made up by the programmer that represent locations in the computer’s RAM. When data is stored in a variable, it is actually stored in RAM. Assume that a program has a variable named length. Figure 1-4 illustrates the way the variable name represents a memory location.

      Figure 1-4

A variable name represents a location in memory

[image: The figure illustrates a variable name represented as a location in memory.]

 The figure contains an array of length 30. A variable length of value 72 is stored in memory at address 23.



In Figure 1-4, the variable length is holding the value 72. The number 72 is actually stored in RAM at address 23, but the name length symbolically represents this storage location. If it helps, you can think of a variable as a box that holds data. In Figure 1-4, the number 72 is stored in the box named length. Only one item may be stored in the box at any given time. If the program stores another value in the box, it will take the place of the number 72.



             The Compiler and the Java Virtual Machine


When a Java program is written, it must be typed into the computer and saved to a file. A text editor, which is similar to a word processing program, is used for this task. The Java programming statements written by the programmer are called source code, and the file they are saved in is called a source file. Java source files end with the .java extension.


After the programmer saves the source code to a file, he or she runs the Java compiler. A compiler is a program that translates source code into an executable form. During the translation process, the compiler uncovers any syntax errors that may be in the program. Syntax errors are mistakes that the programmer has made that violate the rules of the programming language. These errors must be corrected before the compiler can translate the source code. Once the program is free of syntax errors, the compiler creates another file that holds the translated instructions.


Most programming language compilers translate source code directly into files that contain machine language instructions. These are called executable files because they may be executed directly by the computer’s CPU. The Java compiler, however, translates a Java source file into a file that contains byte code instructions. Byte code instructions are not machine language, and therefore cannot be directly executed by the CPU. Instead, they are executed by the Java Virtual Machine (JVM). The JVM is a program that reads Java byte code instructions and executes them as they are read. For this reason, the JVM is often called an interpreter, and Java is often referred to as an interpreted language. Figure 1-5 illustrates the process of writing a Java program, compiling it to byte code, and running it.

      Figure 1-5

Program development process

[image: The figure illustrates the Program development process using a flowchart.]

 The flowchart has 5 boxes across 5 levels. The box labeled Text editor (main) at level 1 branches down to Source File at level 2. Source File at level 2 refines down to java compiler at level 3. This java compiler branches down to the byte code file at level 4. The byte code file branches down to the java virtual machine at level 5. Step 1: The programmer use text editor to create a java source code file. Step 2: The programmers run the compiler, which translates the source code file into a byte code file. Step 3: The Java Virtual Machine reads and executes each byte code instruction.



Although Java byte code is not machine language for a CPU, it can be considered as machine language for the JVM. You can think of the JVM as a program that simulates a computer whose machine language is Java byte code.


Portability


The term portable means that a program may be written on one type of computer and then run on a wide variety of computers, with little or no modification necessary. Because Java byte code is the same on all computers, compiled Java programs are highly portable. In fact, a compiled Java program may be run on any computer that has a Java Virtual Machine. Figure 1-6 illustrates the concept of a compiled Java program running on Windows, Linux, Mac, and UNIX computers.

      Figure 1-6

Java byte code may be run on any computer with a Java Virtual Machine

[image: The figure illustrates a flowchart of Java byte code run on any computer with a Java Virtual Machine.]

 The flowchart has 7 boxes across 4 levels. The box labeled Source File (main) at level 1 branches down to Java Compiler at level 2. The Java Compiler branches down to the byte code file at level 3. Four boxes labeled Java Virtual machine for windows,  Java Virtual machine for Linux,  Java Virtual machine for Mac,  and Java Virtual machine for UNIX are at level 4. Byte code file branches down to  Java Virtual machine for windows,  Java Virtual machine for Linux,  Java Virtual machine for Mac,  and Java Virtual machine for UNIX.



With most other programming languages, portability is achieved by the creation of a compiler for each type of computer that the language is to run on. For example, in order for the  C++ language to be supported by Windows, Linux, and Mac computers, a separate  C++ compiler must be created for each of those environments. Compilers are very complex programs, and more difficult to develop than interpreters. For this reason, a JVM has been developed for many types of computers.


Java Software Editions


The software that you use to create Java programs is referred to as the JDK (Java Development Kit) or the SDK (Software Development Kit). There are the following different editions of the JDK available from Oracle:

  
	
Java SE—The Java Standard Edition provides all the essential software tools necessary for writing Java applications.

	
Java EE—The Java Enterprise Edition provides tools for creating large business applications that employ servers and provide services over the Web.

	
Java ME—The Java Micro Edition provides a small, highly optimized runtime environment for consumer products such as cell phones, pagers, and appliances.




These editions of Java may be downloaded from Oracle by going to:


http://java.oracle.com


 


NOTE: You can follow the instructions in Appendix D, which can be downloaded from the book’s companion Web site, to install the JDK on your system. You can access the book’s companion Web site by going to www.pearsonhighered.com/gaddis.

  




             Compiling and Running a Java Program

    Compiling a Java program is a simple process. Once you have installed the JDK, go to your operating system’s command prompt.


 


TIP: In Windows click Start, go to All Programs, and then go to Accessories. Click Command Prompt on the Accessories menu. A command prompt window should open.

  




VideoNote

Compiling and Running a Java Program




At the operating system command prompt, make sure you are in the same directory or folder where the Java program that you want to compile is located. Then, use the javac command, in the following form:

    javac Filename





Filename is the name of a file that contains the Java source code. As mentioned earlier, this file has the .java extension. For example, if you want to compile the Payroll.java file, you would execute the following command:

    javac Payroll.java





This command runs the compiler. If the file contains any syntax errors, you will see one or more error messages and the compiler will not translate the file to byte code. When this happens you must open the source file in a text editor and fix the error. Then you can run the compiler again. If the file has no syntax errors, the compiler will translate it to byte code. Byte code is stored in a file with the .class extension, so the byte code for the Payroll.java file will be stored in Payroll.class, which will be in the same directory or folder as the source file.


To run the Java program, you use the java command in the following form:

    java ClassFilename





ClassFilename is the name of the .class file that you wish to execute; however, you do not type the .class extension. For example, to run the program that is stored in the Payroll.class file, you would enter the following command:

    java Payroll





This command runs the Java interpreter (the JVM) and executes the program.


Single Command Execution for Simple Programs


If you are using Java 11 or later and you want to execute a program that is written in a single file, you do not have to use the javac command to compile the program. You can use the java command to compile the program in memory and immediately execute it. For example, suppose we have a single-file program named Simple.java. We can use the following command to both compile and execute the program:

    java Simple.java





You can use this technique for all the programs that you will see in this book through ­Chapter 5. Keep in mind that the java command compiles the program in memory and does not create a .class file on the disk. In situations where you need a .class file, you will have to use the javac command to compile the program.


Integrated Development Environments



VideoNote

Using an IDE



In addition to the command prompt programs, there are also several Java integrated ­development environments (IDEs). These environments consist of a text editor, compiler, debugger, and other utilities integrated into a package with a single set of menus. A program is compiled and executed with a single click of a button, or by selecting a single item from a menu. Figure 1-7 shows a screen from the NetBeans IDE.

      Figure 1-7

An integrated development environment (IDE)

[image: The figure illustrates Net beans I D E with 11 lines of Java code.]

 The Net Beans I D E has Start Page and Payroll dot java files opened as tabs. The I D E displays Files on the left side. The Files shows a tree graph with payroll. Source Packages and Libraries files are under payroll. The payroll file is under Payroll, and Payroll dot java is under payroll. Payroll dot java files is shows 10 lines of java codes. Line 1 at indentation level 0: public class Payroll. Line 2 at indentation level 0: open curly bracket. Line 3 at indentation level 1: public static void main open bracket String open square bracket close square bracket args close bracket. Line 4 at indentation level 1: open curly bracket. Line 5 at indentation level 2: int hours equals 40 semi colon. Line 6 at indentation level 2: double gross Pay comma pay Rate equals 25 dots 0 semicolon. Line 7 at indentation level 2: gross Pay equals hours asterisk pay Rate semicolon. Line 8 at indentation level 2: System dot out dot println open bracket  double quotes Your gross pay is dollar double quotes plus gross Pay close bracket semicolon. Line 9 at indentation level 1: close curly bracket. Line 10 at indentation level 0: close curly bracket.





Checkpoint





	1.8 Describe the difference between a keyword and a programmer-defined symbol.


	1.9 Describe the difference between operators and punctuation symbols.


	1.10 Describe the difference between a program line and a statement.


	1.11 Why are variables called “variable”?


	1.12 What happens to a variable’s current contents when a new value is stored there?


	1.13 What is a compiler?


	1.14 What is a syntax error?


	1.15 What is byte code?


	1.16 What is the JVM?








             1.6: The Programming Process


CONCEPT: The programming process consists of several steps, which include design, creation, testing, and debugging activities.


Now that you have been introduced to what a program is, it’s time to consider the process of creating a program. Quite often when inexperienced students are given programming assignments, they have trouble getting started because they don’t know what to do first. If you find yourself in this dilemma, the following steps may help.

  
	Clearly define what the program is to do.

	Visualize the program running on the computer.

	Use design tools to create a model of the program.

	Check the model for logical errors.

	Enter the code and compile it.

	Correct any errors found during compilation. Repeat Steps 5 and 6 as many times as necessary.

	Run the program with test data for input.

	Correct any runtime errors found while running the program. Repeat Steps 5 through 8 as many times as necessary.

	Validate the results of the program.




These steps emphasize the importance of planning. Just as there are good ways and bad ways to paint a house, there are good ways and bad ways to create a program. A good program always begins with planning. With the pay-calculating algorithm that was presented earlier in this chapter serving as our example, let’s look at each of the steps in more detail.



             1. Clearly define what the program is to do


This step commonly requires you to identify the purpose of the program, the data that is to be input, the processing that is to take place, and the desired output. Let’s examine each of these requirements for the pay-calculating algorithm.

    

	Purpose

	To calculate the user’s gross pay.




	Input

	Number of hours worked, hourly pay rate.




	Process

	Multiply number of hours worked by hourly pay rate. The result is the user’s gross pay.




	Output

	Display a message indicating the user’s gross pay.










             2. Visualize the program running on the computer


Before you create a program on the computer, you should first create it in your mind. Try to imagine what the computer screen will look like while the program is running. If it helps, draw pictures of the screen, with sample input and output, at various points in the program. For instance, Figure 1-8 shows the screen we might want produced by a program that implements the pay-calculating algorithm.

      Figure 1-8

Screen produced by the pay-calculating algorithm

[image: The figure illustrates a terminal with 3 lines of question and answers. ]

 Line 1 at indentation level 0: How many hours did you work question mark 10. Line 2 at indentation level 0: How much do you get paid per hour question mark 15. Line 3 at indentation level 0: Your gross pay is Dollars 150 point 0.



In this step, you must put yourself in the shoes of the user. What messages should the program display? What questions should it ask? By addressing these concerns, you can determine most of the program’s output.



             3. Use design tools to create a model of the program


While planning a program, the programmer uses one or more design tools to create a model of the program. For example, pseudocode is a cross between human language and a programming language and is especially helpful when designing an algorithm. Although the computer can’t understand pseudocode, programmers often find it helpful to write an algorithm in a language that’s “almost” a programming language, but still very similar to natural language. For example, here is pseudocode that describes the pay-calculating algorithm:

  
	Get payroll data.

	Calculate gross pay.

	Display gross pay.




Although this pseudocode gives a broad view of the program, it doesn’t reveal all the program’s details. A more detailed version of the pseudocode follows:

  
	Display “How many hours did you work?”

	Input hours.

	Display “How much do you get paid per hour?”

	Input rate.

	Store the value of hours times rate in the pay variable.

	Display the value in the pay variable.




Notice that the pseudocode uses statements that look more like commands than the English statements that describe the algorithm in Section 1.4. The pseudocode even names variables and describes mathematical operations.



             4. Check the model for logical errors


Logical errors are mistakes that cause the program to produce erroneous results. Once a model of the program is assembled, it should be checked for these errors. For example, if pseudocode is used, the programmer should trace through it, checking the logic of each step. If an error is found, the model can be corrected before the next step is attempted.


5. Enter the code and compile it


Once a model of the program has been created, checked, and corrected, the programmer is ready to write source code on the computer. The programmer saves the source code to a file and begins the process of compiling it. During this step the compiler will find any syntax errors that may exist in the program.


6. Correct any errors found during compilation. Repeat Steps 5 and 6 as many times as necessary


If the compiler reports any errors, they must be corrected. Steps 5 and 6 must be repeated until the program is free of compile-time errors.



             7. Run the program with test data for input


Once an executable file is generated, the program is ready to be tested for runtime errors. A runtime error is an error that occurs while the program is running. These are usually logical errors, such as mathematical mistakes.


Testing for runtime errors requires that the program be executed with sample data or sample input. The sample data should be such that the correct output can be predicted. If the program does not produce the correct output, a logical error is present in the program.


8. Correct any runtime errors found while running the program. Repeat Steps 5 through 8 as many times as necessary


When runtime errors are found in a program, they must be corrected. You must identify the step where the error occurred and determine the cause. If an error is a result of incorrect logic (such as an improperly stated math formula), you must correct the statement or statements involved in the logic. If an error is due to an incomplete understanding of the program requirements, then you must restate the program purpose and modify the program model and source code. The program must then be saved, recompiled, and retested. This means Steps 5 through 8 must be repeated until the program reliably produces satisfactory results.


9. Validate the results of the program


When you believe you have corrected all the runtime errors, enter test data and determine whether the program solves the original problem.



             Software Engineering


The field of software engineering encompasses the whole process of crafting computer software. It includes designing, writing, testing, debugging, documenting, modifying, and maintaining complex software development projects. Like traditional engineers, software engineers use a number of tools in their craft. Here are a few examples:

  
	Program specifications

	Diagrams of screen output

	Diagrams representing the program components and the flow of data

	Pseudocode

	Examples of expected input and desired output

	Special software designed for testing programs




Most commercial software applications are large and complex. Usually a team of programmers, not a single individual, develops them. It is important that the program requirements be thoroughly analyzed and divided into subtasks that are handled by individual teams, or individuals within a team.







Checkpoint









	1.17 What four items should you identify when defining what a program is to do?



	1.18 What does it mean to “visualize a program running”? What is the value of such an activity?



	1.19 What is pseudocode?



	1.20 Describe what a compiler does with a program’s source code.



	1.21 What is a runtime error?



	1.22 Is a syntax error (such as misspelling a keyword) found by the compiler or when the program is running?



	1.23 What is the purpose of testing a program with sample data or input?












             1.7: Object-Oriented Programming


CONCEPT: Java is an object-oriented programming (OOP) language. OOP is a method of software development that has its own practices, concepts, and vocabulary.


There are primarily two methods of programming in use today: procedural and object-oriented. The earliest programming languages were procedural, meaning a program was made of one or more procedures. A procedure is a set of programming statements that, together, perform a specific task. The statements might gather input from the user, manipulate data stored in the computer’s memory, and perform calculations or any other operation necessary to complete the procedure’s task.


Procedures typically operate on data items that are separate from the procedures. In a procedural program, the data items are commonly passed from one procedure to another, as shown in Figure 1-9.

      Figure 1-9

Data is passed among procedures

[image: The figure illustrates data passed among procedures.]

 The procedure with the value Procedure A points to another procedure that has Procedure B as the value with an arrow labeled Data Item.



As you might imagine, the focus of procedural programming is on the creation of procedures that operate on the program’s data. The separation of data and the code that operates on the data often leads to problems, however. For example, the data is stored in a particular format, which consists of variables and more complex structures that are created from variables. The procedures that operate on the data must be designed with that format in mind. But, what happens if the format of the data is altered? Quite often, a program’s specifications change, resulting in a redesigned data format. When the structure of the data changes, the code that operates on the data must also be changed to accept the new format. This results in added work for programmers and a greater opportunity for bugs to appear in the code.


This has helped influence the shift from procedural programming to object-oriented programming (OOP). Whereas procedural programming is centered on creating procedures, object-oriented programming is centered on creating objects. An object is a software entity that contains data and procedures. The data contained in an object is known as the object’s attributes. The procedures, or behaviors, that an object performs are known as the object’s methods. The object is, conceptually, a self-contained unit consisting of data (attributes) and procedures (methods). This is illustrated in Figure 1-10.

      Figure 1-10

An object contains data and procedures

[image: The figure illustrates an object that contains data and procedures.]

 The figure labeled Object is listed in 6 rows as follows. Row 1: Data (Attributes). Row 2: 7 filled square bullets. Row 3: Two double headed arrow placed side by side. Row 4: Two circles placed side by side. Row 5: Two circles placed side by side. Row 6: Methods That Operate on the Data.



OOP addresses the problem of code/data separation through encapsulation and data hiding. Encapsulation refers to the combining of data and code into a single object. Data hiding refers to an object’s ability to hide its data from code that is outside the object. Only the object’s methods may then directly access and make changes to the object’s data. An object typically hides its data, but allows outside code to access the methods that operate on the data. As shown in Figure 1-11, the object’s methods provide programming statements outside the object with indirect access to the object’s data.

      Figure 1-11

Code outside the object interacts with the object’s methods

[image: The figure illustrates the Code outside the object interacts with the object’s methods.]

 The object is represented as a box, and the object has Data Filed and method. Data Field is labeled Data open parenthesis Field close parenthesis, and the method is labeled methods that operate on the data. The connection between the method and the data field is shown with the double head arrow. Two arrows labeled Code outside the object points at the methods.



When an object’s internal data is hidden from outside code and access to that data is restricted to the object’s methods, the data is protected from accidental corruption. In addition, the programming code outside the object does not need to know about the format or internal structure of the object’s data. The code only needs to interact with the object’s methods. When a programmer changes the structure of an object’s internal data, he or she also modifies the object’s methods so they may properly operate on the data. The way in which outside code interacts with the methods, however, does not change.


These are just a few of the benefits of object-oriented programming. Because Java is fully object-oriented, you will learn much more about OOP practices, concepts, and terms as you progress through this book.







Checkpoint









	1.24 In procedural programming, what two parts of a program are typically separated?



	1.25 What are an object’s attributes?



	1.26 What are an object’s methods?



	1.27 What is encapsulation?



	1.28 What is data hiding?














             Chapter 1: Review Questions and Exercises


Multiple Choice

  
	This part of the computer fetches instructions, carries out the operations commanded by the instructions, and produces some outcome or resultant information.
	memory

	CPU

	secondary storage

	input device





	A byte is made up of eight
	CPUs

	addresses

	variables

	bits





	The coordination of all the operations of a computer is controlled by ____________

	the ALU

	the control unit

	memory

	a storage device





	This type of memory can hold data for long periods of time—even when there is no power to the computer.
	RAM

	primary storage

	secondary storage

	CPU storage





	If you were to look at a machine language program, you would see .
	Java source code

	a stream of binary numbers

	English words

	circuits





	These are words that have a special meaning in the programming language.
	punctuation

	programmer-defined names

	keywords

	operators





	These are symbols or words that perform operations on one or more operands.
	punctuation

	programmer-defined names

	keywords

	operators





	These are collections of well-defined instructions to perform a task or to solve a problem.

	program

	statement

	operation

	circuits





	These are words or names that are used to identify storage locations in memory and parts of the program that are created by the programmer.
	punctuation

	programmer-defined names

	keywords

	operators





	These are the rules that must be followed when writing a program.
	syntax

	punctuation

	keywords

	operators





	This is a named storage location in the computer’s memory.
	class

	keyword

	variable

	operator





	The Java compiler generates .
	machine code

	byte code

	source code

	HTML





	JVM stands for .
	Java Variable Machine

	Java Variable Method

	Java Virtual Method

	Java Virtual Machine








Find the Error

  	The following pseudocode algorithm has an error. The program is supposed to ask the user for the length and width of a rectangular room, and then display the room’s area. The program must multiply the width by the length to determine the area. Find the error.


  
	area=width×length

	Display “What is the room’s width?”

	Input width

	Display “What is the room’s length?”

	Input length

	Display area




Algorithm Workbench


Write pseudocode algorithms for the programs described as follows:

  	Rectangle Area


  
	A program that calculates the area of a rectangle should ask the user to enter the following:

	
• The length of the rectangle

	
•  The width of the rectangle

	Once this data has been entered, the program should calculate and display the area of the rectangle. You can calculate the area of a rectangle by multiplying its length and width.



  	Sale Discount


  
	A program that applies a discount to a sales total requires the user to enter:

	
•  The sales total

	
•  The discount percentage that should be applied

	Once these items have been entered, the program should calculate and display the following:

	
•  The amount discounted.

	
•  The new total amount.



  	Account Balance


  
	A program that calculates the current balance in a savings account must ask the user for the following:

	The starting balance

	The total dollar amount of deposits made

	The total dollar amount of withdrawals made

	The monthly interest rate

	Once the program calculates the current balance, it should be displayed on the screen.




Predict the Result


The following are programs expressed as English statements. What would each display on the screen if they were actual programs?

  	The variable x starts with the value 4.


  
	The variable y starts with the value 3.

	Multiply x by 2.

	Multiply y by 3.

	Subtract x from y and store the result in y.

	Display the value in y on the screen.



  	The variable a starts with the value 10.


  
	The variable b starts with the value 2.

	The variable c starts with the value 4.

	Store the value of a times b in a.

	Store the value of b times c in c.

	Add a and c, and store the result in b.

	Display the value in b on the screen.




Short Answer

  
	Both main memory and secondary storage are types of memory. Describe the difference between the two.

	What type of memory is usually volatile?

	What is the difference between operating system software and application software?

	Why must programs written in a high-level language be translated into machine language before they can be run?

	Why is it easier to write a program in a high-level language than in machine language?

	What is a source file?

	What is the difference between a syntax error and a logical error?

	What is an algorithm?

	What is a compiler?

	What must a computer have in order for it to execute Java programs?

	What is the difference between machine language code and byte code?

	Why does byte code make Java a portable language?

	Is encapsulation a characteristic of procedural or object-oriented programming?

	Why should an object hide its data?

	What part of an object forms an interface through which outside code may access the object’s data?

	What type of program do you use to write Java source code?

	Will the Java compiler translate a source file that contains syntax errors?

	What does the Java compiler translate Java source code to?

	Assuming you are using the JDK, what command would you type at the operating system command prompt to compile the program LabAssignment.java?

	Assuming there are no syntax errors in the LabAssignment.java program when it is compiled, answer the following questions.
	What file will be produced?

	What will the file contain?

	What command would you type at the operating system command prompt to run the program?









             Chapter 1: Programming Challenges



VideoNote

Your First Java Program



	Your First Java Program


      	This assignment will help you get acquainted with your Java development software. Here is the Java program you will enter: Your First Java Program﻿



     
// This is my first Java program. 
public class MyFirstProgram 
{ 
   public static void main(String[] args)
   {
      System.out.println("Hello World!"); 
   }
}





If You Are Using the JDK at the Command Prompt:

  
	Use a text editor to type the source code exactly as it is shown. Be sure to place all the punctuation characters and be careful to match the case of the letters as they are shown. Save it to a file named MyFirstProgram.java.

	After saving the program, go to your operating system’s command prompt and change your current directory or folder to the one that contains the Java program you just created. Then use the following command to compile the program:



    javac MyFirstProgram.java




  	If you typed the contents of the file exactly as shown, you shouldn’t have any syntax errors. If you see error messages, open the file in the editor and compare your code to that shown. Correct any mistakes you have made, save the file, and run the compiler again. If you see no error messages, the file was successfully compiled.


  	Next, enter the following command to run the program:


    java MyFirstProgram




  	Be sure to use the capitalization of MyFirstProgram exactly as it is shown here. You should see the message “Hello World!” displayed on the screen.



If You Are Using an IDE


Because there are many Java IDEs, we cannot include specific instructions for all of these. The following are general steps that should apply to most of them. You will need to consult your IDE’s documentation for specific instructions.

  
	Start your Java IDE and perform any necessary setup operations, such as starting a new project and creating a new Java source file.

	Use the IDE’s text editor to type the source code exactly as it is shown. Be sure to place all the punctuation characters and be careful to match the case of the letters as they are shown. Save it to a file named MyFirstProgram.java.

	After saving the program, use your IDE’s command to compile the program. If you typed the contents of the file exactly as shown, you shouldn’t have any syntax errors. If you see error messages, compare your code to that shown. Correct any mistakes you have made, save the file, and run the compiler again. If you see no error messages, the file was successfully compiled.



  	Use your IDE’s command to run the program. You should see the message “Hello World!” displayed.
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             2.1: The Parts of a Java Program


CONCEPT: A Java program has parts that serve specific purposes.


Java programs are made up of different parts. Your first step in learning Java is to learn what the parts are. We will begin by looking at a simple example, shown in Code Listing 2-1.





 




Code Listing 2-1 (Simple.java)







1 // This is a simple Java program.
2
3 public class Simple
4 {
5    public static void main(String[] args)
6    {
7       System.out.println("Programming is great fun!");
8    }
9 }








 





 


TIP: Remember, the line numbers shown in the program listings are not part of the program. The numbers are shown so we can refer to specific lines in the programs.

  


As mentioned in Chapter 1, the names of Java source code files end with .java. The program shown in Code Listing 2-1 is named Simple.java. Using the Java compiler, this program may be compiled with the following command:

    javac Simple.java 





The compiler will create another file named Simple.class, which contains the translated Java byte code. This file can be executed with the following command:

    java Simple 





 


TIP: Remember, you do not type the .class extension when using the java command.

  


The output of the program is as follows. This is what appears on the screen when the program runs.


 


Program Output

    Programming is great fun!




  


Lets’s examine the program line by line. Here’s the statement in line 1:

    // This is a simple Java program. 





Other than the two slash marks that begin this line, it looks pretty much like an ordinary sentence. The // marks the beginning of a comment. The compiler ignores everything from the double-slash to the end of the line. That means you can type anything you want on that line and the compiler never complains. Although comments are not required, they are very important to programmers. Most programs are much more complicated than this example, and comments help explain what’s going on.


Line 2 is blank. Programmers often insert blank lines in programs to make them easier to read. Line 3 reads:

    public class Simple 





This line is known as a class header, and it marks the beginning of a class definition. One of the uses of a class is to serve as a container for an application. As you progress through this book, you will learn more and more about classes. For now, just remember that a Java program must have at least one class definition. This line of code consists of three words: public, class, and Simple. Let’s take a closer look at each word.

  
	
public is a Java keyword, and it must be written in all lowercase letters. It is known as an access specifier, and it controls where the class may be accessed from. The public specifier means access to the class is unrestricted. (In other words, the class is “open to the public.”)

	
class, which must also be written in lowercase letters, is a Java keyword that indicates the beginning of a class definition.

	
Simple is the class name. This name was made up by the programmer. The class could have been called Pizza, or Dog, or anything else the programmer wanted. Programmer-defined names may be written in lowercase letters, uppercase letters, or a mixture of both.




In a nutshell, this line of code tells the compiler that a publicly accessible class named Simple is being defined. Here are two more points to know about classes:

  
	You may create more than one class in a file, but you may have only one public class per Java file.

	When a Java file has a public class, the name of the public class must be the same as the name of the file (without the .java extension). For instance, the program in Code Listing 2-1 has a public class named Simple, so it is stored in a file named Simple.java.




 


NOTE: Java is a case-sensitive language. That means it regards uppercase letters as being entirely different characters than their lowercase counterparts. The word Public is not the same as public, and Class is not the same as class. Some words in a Java program must be entirely in lowercase, while other words may use a combination of lower and uppercase characters. Later in this chapter, you will see a list of all the Java keywords, which must appear in lowercase.

  


Line 4 contains only a single character:

    { 





This is called a left brace, or an opening brace, and is associated with the beginning of the class definition. All of the programming statements that are part of the class are enclosed in a set of braces. If you glance at the last line in the program, line 9, you’ll see the closing brace. Everything between the two braces is the body of the class named Simple. Here is the program code again, this time the body of the class definition is shaded.

    // This is a simple Java program. 
public class Simple 
{ 
   public static void main(String[] args) 
   {
      System.out.println("Programming is great fun!"); 
   } 
} 





 


WARNING! Make sure you have a closing brace for every opening brace in your program!

  


Line 5 reads:

    public static void main(String[] args) 





This line is known as a method header. It marks the beginning of a method. A method can be thought of as a group of one or more programming statements that collectively has a name. When creating a method, you must tell the compiler several things about it. That is why this line contains so many words. At this point, the only thing you should be concerned about is that the name of the method is main, and the rest of the words are required for the method to be properly defined. This is shown in Figure 2-1.

      Figure 2-1

The main method header

[image: The figure illustrates main as the name of the method.  It contains one  line of Java code.]

 Line 1 at indentation level 0: public static void main (String Open Square Bracket Close Square Bracket "a" r g s) . Main is labeled Name of the Method. 
Note: The other parts of this line are necessary for the method to be properly defined.



Recall from Chapter 1 that a stand-alone Java program that runs on your computer is known as an application. Every Java application must have a method named main. The main method is the starting point of an application.


 


NOTE: For the time being, all the programs you will write will consist of a class with a main method whose header looks exactly like the one shown in Code Listing 2-1. As you progress through this book you will learn what public static void and (String[] args) mean. For now, just assume that you are learning a “recipe” for assembling a Java program.

  


Line 6 has another opening brace:

    { 





This opening brace belongs to the main method. Remember that braces enclose statements, and every opening brace must have an accompanying closing brace. If you look at line 8 you will see the closing brace that corresponds with this opening brace. Everything between these braces is the body of the main method.


Line 7 appears as follows:

    System.out.println("Programming is great fun!"); 





To put it simply, this line displays a message on the screen. The message, “Programming is great fun!” is printed without the quotation marks. In programming terms, the group of characters inside the quotation marks is called a string literal.


 


NOTE: This is the only line in the program that causes anything to be printed on the screen. The other lines, like public class Simple and public static void main(String[] args), are necessary for the framework of your program, but they do not cause any screen output. Remember, a program is a set of instructions for the computer. If something is to be displayed on the screen, you must use a programming statement for that purpose.

  


At the end of the line is a semicolon. Just as a period marks the end of a sentence, a semicolon marks the end of a statement in Java. Not every line of code ends with a semicolon, however. Here is a summary of where you do not place a semicolon:

  
	Comments do not have to end with a semicolon because they are ignored by the compiler.

	Class headers and method headers do not end with a semicolon because they are terminated with a body of code inside braces.

	The brace characters, { and }, are not statements, so you do not place a semicolon after them.




It might seem that the rules for where to put a semicolon are not clear at all. For now, just concentrate on learning the parts of a program. You’ll soon get a feel for where you should and should not use semicolons.


As has already been pointed out, lines 8 and 9 contain the closing braces for the main method and the class definition:

       } 
} 





Before continuing, let’s review the points we just covered, including some of the more elusive rules.

  
	Java is a case-sensitive language. It does not regard uppercase letters as being the same character as their lowercase equivalents.

	All Java programs must be stored in a file with a name that ends with .java.

	Comments are ignored by the compiler.

	A .java file may contain many classes, but may have only one public class. If a .java file has a public class, the class must have the same name as the file. For instance, if the file Pizza.java contains a public class, the class’s name would be Pizza.

	Every Java application program must have a method named main.

	For every left brace, or opening brace, there must be a corresponding right brace, or closing brace.

	Statements are terminated with semicolons. This does not include comments, class headers, method headers, or braces.




In the sample program, you encountered several special characters. Table 2-1 summarizes how they were used.


 Table 2-1

Special characters



	Characters

	Name

	Meaning





	//

	Double slash

	Marks the beginning of a comment




	( )

	Opening and closing parentheses

	Used in a method header




	{ }

	Opening and closing braces

	Encloses a group of statements, such as the contents of a class or a method




	" "

	Quotation marks

	Encloses a string of characters, such as a message that is to be printed on the screen




	;

	Semicolon

	Marks the end of a complete programming statement












Checkpoint





	2.1 The following program will not compile because the lines have been mixed up.




public static void main(String[] args)
}
// A crazy mixed up program
public class Columbus
{
System.out.println(“In 1492 Columbus sailed the ocean blue.”);
{
}





When the lines are properly arranged, the program should display the following on the screen:

In 1492 Columbus sailed the ocean blue.




Rearrange the lines in the correct order. Test the program by entering it on the computer, compiling it, and running it.


	2.2 When the program in Question 2.1 is saved to a file, what should the file be named?





	2.3 Complete the following program skeleton so it displays the message “Hello World” on the screen.




public class Hello
{
    public static void main(String[] args)
    {
        // Insert code here to complete the program
    }
}






	2.4 On paper, write a program that will display your name on the screen. Place a comment
with today’s date at the top of the program. Test your program by entering, compiling, and running it.





	
2.5 All Java source code filenames must end with       .


	a semicolon


	.class


	.java


	none of the above






	
2.6 Every Java application program must have       .


	a method named main


	more than one class definition


	one or more comments











             2.2: The print and println Methods, and the Java API


CONCEPT: The print and println methods are used to display text output. They are part of the Java API, which is a collection of prewritten classes and methods for performing specific operations.

    In this section, you will learn how to write programs that produce output on the screen. The simplest type of output that a program can display on the screen is console output. Console output is merely plain text. When you display console output in a system that uses a graphical user interface, such as Windows or Mac OS, the output usually appears in a window similar to the one shown in Figure 2-2.

      Figure 2-2

A console window

[image: The figure illustrates a terminal titled Command Prompt,  containing 4 lines of  Java j shell code.]

 Line 1 at indentation level 0: C colon back slash Users back slash Tony back slash Programs close angle bracket java c Simple dot java. 
Line 2 at indentation level 0: C colon back slash Users back slash Tony back slash Programs close angle bracket java Simple. 
Line 3 at indentation level 0: Programming is great fun exclamation mark. 
Line 4 at indentation level 0: C colon back slash Users back slash Tony back slash Programs close angle bracket.

(Microsoft Corporation)




VideoNote

Displaying Console Output




The word console is an old computer term. It comes from the days when the operator of a large computer system interacted with the system by typing on a terminal that consisted of a simple screen and keyboard. This terminal was known as the console. The console screen, which displayed only text, was known as the standard output device. Today, the term standard output device typically refers to the device that displays console output.


Performing output in Java, as well as many other tasks, is accomplished by using the Java API. The term API stands for Application Programmer Interface. The API is a standard library of prewritten classes for performing specific operations. These classes and their methods are available to all Java programs. The print and println methods are part of the API and provide ways for output to be displayed on the standard output device.


The program in Code Listing 2-1 (Simple.java) uses the following statement to print a message on the screen:

    System.out.println("Programming is great fun!"); 





System is a class that is part of the Java API. The System class contains objects and methods that perform system-level operations. One of the objects contained in the System class is named out. The out object has methods, such as print and println, for performing output on the system console, or standard output device. The hierarchical relationship among System, out, print, and println is shown in Figure 2-3. 

      Figure 2-3

Relationship among the System class, the out object, and the print and println methods

[image: The figure illustrates the hierarchical relationship among the System class, out object, print and print l n methods.]

 The figure shows two boxes labeled System class and out object. An arrow from the System class points to the out object. The text labeled The System class holds the out object as well as other members is besides the System class. The text labeled The out object is a member of the System class is besides the out object. An arrow from the out object points to Print method. Text below this method reads The print method is a member of the out object. Another arrow from the out object points to Print ln method. This is followed by the text that reads The println method is a member of the out object.



Here is a brief summary of how it all works together:

  
	The System class is part of the Java API. It has member objects and methods for performing system-level operations, such as sending output to the console.

	The out object is a member of the System class. It provides methods for sending output to the screen.

	The print and println methods are members of the out object. They actually perform the work of writing characters on the screen.




This hierarchy explains why the statement that executes println is so long. The sequence System.out.println specifies that println is a member of out, which is a member of System.


 


NOTE: The period that separates the names of the objects is pronounced “dot.” System.out.println is pronounced “system dot out dot print line.”

  


The value that is to be displayed on the screen is placed inside the parentheses. This value is known as an argument. For example, the following statement executes the println method using the string "King Arthur" as its argument. This will print “King Arthur” on the screen. (The quotation marks are not displayed.)

    System.out.println("King Arthur"); 





An important thing to know about the println method is that after it displays its message, it advances the cursor to the beginning of the next line. The next item printed on the screen will begin in this position. For example, look at the program in Code Listing 2-2.




 




Code Listing 2-2 (TwoLines.java)







 1  // This is another simple Java program.
 2
 3  public class TwoLines
 4  {
 5     public static void main(String[] args)
 6     {
 7        System.out.println("Programming is great fun!");
 8        System.out.println("I can’t get enough of it!");
 9     }
10 }







Program Output






Programming is great fun!
I can’t get enough of it!








 





Because each string is printed with separate println statements in Code Listing 2-2, they appear on separate lines in the Program Output.



             The print Method


The print method, which is also part of the System.out object, serves a purpose similar to that of println—to display output on the screen. The print method, however, does not advance the cursor to the next line after its message is displayed. Look at Code Listing 2-3.




 




Code Listing 2-3 (GreatFun.java)







 1  // This is another simple Java program.
 2
 3  public class GreatFun
 4  {
 5     public static void main(String[] args)
 6     {
 7        System.out.print("Programming is ");
 8        System.out.println("great fun!");
 9     }
10 }








Program Output






Programming is great fun!








 





An important concept to understand about Code Listing 2-3 is that, although the output is broken up into two programming statements, this program will still display the message on one line. The data that you send to the print method is displayed in a continuous stream. Sometimes this can produce less-than-desirable results. The program in Code Listing 2-4 is an example.




 




Code Listing 2-4 (Unruly.java)







 1  // An unruly printing program
 2
 3  public class Unruly
 4  {
 5     public static void main(String[] args)
 6     {
 7        System.out.print("These are our top sellers:");
 8        System.out.print("Computer games");
 9        System.out.print("Coffee");
10        System.out.println("Aspirin");
11    }
12 }









Program Output






These are our top sellers:Computer gamesCoffeeAspirin








 





The layout of the actual output looks nothing like the arrangement of the strings in the source code. First, even though the output is broken up into four lines in the source code (lines 7 through 10), it comes out on the screen as one line. Second, notice that some of the words that are displayed are not separated by spaces. The strings are displayed exactly as they are sent to the print method. If spaces are to be displayed, they must appear in the strings.


There are two ways to fix this program. The most obvious way is to use println methods instead of print methods. Another way is to use escape sequences to separate the output into different lines. An escape sequence starts with the backslash character (\), and is followed by one or more control characters. It allows you to control the way output is displayed by embedding commands within the string itself. The escape sequence that causes the output cursor to go to the next line is \n. Code Listing 2-5 illustrates its use.




 




Code Listing 2-5 (Adjusted.java)







 1  // A well adjusted printing program
 2
 3  public class Adjusted
 4  {
 5     public static void main(String[] args)
 6     {
 7        System.out.print("These are our top sellers:\n");
 8        System.out.print("Computer games\nCoffee\n");
 9        System.out.println("Aspirin");
10    }
11 }








Program Output






These are our top sellers:
Computer games
Coffee
Aspirin








 





The \n characters are called the newline escape sequence. When the print or println method encounters \n in a string, it does not print the \n characters on the screen, but interprets them as a special command to advance the output cursor to the next line. There are several other escape sequences as well. For instance, \t is the tab escape sequence. When print or println encounters it in a string, it causes the output cursor to advance to the next tab position. Code Listing 2-6 shows it in use.


 


Code Listing 2-6 (Tabs.java)


     1  // Another well-adjusted printing program
 2
 3  public class Tabs
 4  {
 5     public static void main(String[] args)
 6     {
 7        System.out.print("These are our top sellers:\n");
 8        System.out.print("\tComputer games\n\tCoffee\n");
 9        System.out.println("\tAspirin");
10    }
11 }





Program Output

    These are our top sellers:
        Computer games
        Coffee
        Aspirin




  


 


NOTE: Although you have to type two characters to write an escape sequence, they are stored in memory as a single character.

  


Table 2-2 lists the common escape sequences and describes them.

     
Table 2-2 Common escape sequences




	Escape Sequence

	Name

	Description





	\n

	Newline

	Advances the cursor to the next line for subsequent printing




	\t

	Horizontal tab

	Causes the cursor to skip over to the next tab stop




	\b

	Backspace

	Causes the cursor to back up, or move left, one position




	\r

	Return

	Causes the cursor to go to the beginning of the current line, not the next line




	\\

	Backslash

	Causes a backslash to be printed




	\'

	Single quote

	Causes a single quotation mark to be printed




	\"﻿

	Double quote

	Causes a double quotation mark to be printed











 


WARNING! Do not confuse the backslash (\) with the forward slash (/). An escape sequence will not work if you accidentally start it with a forward slash. Also, do not put a space between the backslash and the control character.

  


  


Checkpoint





	2.7 The following program will not compile because the lines have been mixed up.


	
System.out.print(“Success\n”);
}
public class Success
{
System.out.print(“Success\n”);
public static void main(String[] args)
System.out.print(“Success “);
}
// It’s a mad, mad program.
System.out.println(“\nSuccess”);
{




When the lines are arranged properly, the program should display the following output on the screen:

Program Output

Success
Success Success

Success




Rearrange the lines in the correct order. Test the program by entering it on the computer, compiling it, and running it.



	2.8 Study the following program and show what it will print on the screen.


	// The Works of Wolfgang
public class Wolfgang
{
   public static void main(String[] args)
   {
      System.out.print(“The works of Wolfgang\ninclude “);
      System.out.print(“the following”);
      System.out.print(“\nThe Turkish March “);
      System.out.print(“and Symphony No. 40 “);
      System.out.println(“in G minor.”);
   }
}





	2.9 On paper, write a program that will display your name on the first line; your street address on
the second line; your city, state, and ZIP code on the third line; and your telephone number on
the fourth line. Place a comment with today’s date at the top of the program. Test your program
by entering, compiling, and running it.








             2.3: Variables and Literals


CONCEPT: A variable is a named storage location in the computer’s memory. A literal is a value that is written into the code of a program.

    As you discovered in Chapter 1, variables allow you to store and work with data in the computer’s memory. Part of the job of programming is to determine how many variables a program will need and what types of data they will hold. The program in Code Listing 2-7 is an example of a Java program with a variable.



 




Code Listing 2-7 (Variable.java)







 1  // This program has a variable.
 2
 3  public class Variable
 4  {
 5     public static void main(String[] args)
 6     {
 7        int value;
 8
 9        value = 5;
10        System.out.print("The value is ");
11        System.out.println(value);
12    }
13 }








Program Output






The value is 5








 





Let’s look more closely at this program. Here is line 7:

    int value; 






VideoNote

Declaring Variables




This is called a variable declaration. Variables must be declared before they can be used. A variable declaration tells the compiler the variable’s name and the type of data it will hold. This line indicates the variable’s name is value. The word int stands for integer, so value will only be used to hold integer numbers. Notice that variable declarations end with a semicolon. The next statement in this program appears in line 9:

    value = 5; 





This is called an assignment statement. The equal sign is an operator that stores the value on its right (in this case 5) into the variable named on its left. After this line executes, the value variable will contain the value 5.


 


NOTE: This line does not print anything on the computer screen. It runs silently behind the scenes.

  


Now look at lines 10 and 11:

    System.out.print("The value is ");
System.out.println(value);





The statement in line 10 sends the string literal “The value is ” to the print method. The statement in line 11 sends the name of the value variable to the println method. When you send a variable name to print or println, the variable’s contents are displayed. Notice there are no quotation marks around value. Look at what happens in Code Listing 2-8.


 


Code Listing 2-8 (Variable2.java)


     1  // This program has a variable.
 2
 3  public class Variable2
 4  {
 5     public static void main(String[] args)
 6     {
 7        int value;
 8
 9        value = 5;
10        System.out.print("The value is ");
11        System.out.println("value");
12    }
13 }





Program Output

    The value is value




  


When double quotation marks are placed around the word value it becomes a string literal, not a variable name. When string literals are sent to print or println, they are displayed exactly as they appear inside the quotation marks.



             Displaying Multiple Items with the + Operator


When the + operator is used with strings, it is known as the string concatenation operator. To concatenate means to append, so the string concatenation operator appends one string to another. For example, look at the following statement:

    System.out.println("This is " + "one string.");





This statement will print:

    This is one string. 





The + operator produces a string that is the combination of the two strings used as its operands. You can also use the + operator to concatenate the contents of a variable to a string. The following code shows an example:

    number = 5;
System.out.println("The value is " + number);





The second line uses the + operator to concatenate the contents of the number variable with the string “The value is ”. Although number is not a string, the + operator converts its value to a string and then concatenates that value with the first string. The output that will be displayed is:

    The value is 5 





Sometimes the argument you use with print or println is too long to fit on one line in your program code. However, a string literal cannot begin on one line and end on another. For example, the following will cause an error:

    // This is an error!
System.out.println("Enter a value that is greater than zero
                   and less than 10." );





You can remedy this problem by breaking the argument up into smaller string literals, and then using the string concatenation operator to spread them out over more than one line. Here is an example:

    System.out.println("Enter a value that is " +
                   "greater than zero and less " +
                   "than 10." );





In this statement, the argument is broken up into three strings and joined using the + operator. The following example shows the same technique used when the contents of a variable are part of the concatenation:

    sum = 249;
System.out.println("The sum of the three " +
                   "numbers is " + sum);






             Be Careful with Quotation Marks


As shown in Code Listing 2-8, placing quotation marks around a variable name changes the program’s results. In fact, placing double quotation marks around anything that is not intended to be a string literal will create an error of some type. For example, in Code Listings 2-7 and 2-8, the number 5 was assigned to the variable value. It would have been an error to perform the assignment this way:

    value = "5"; // Error! 





In this statement, 5 is no longer an integer, but a string literal. Because value was declared as an integer variable, you can only store integers in it. In other words, 5 and “5” are not the same thing.
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           Case Study 4: Parallel Arrays


Sometimes it’s useful to store related data in two or more arrays. For example, assume a program uses the following arrays:


    String[] names = new String[5]; 
String[] addresses = new String[5]; 




The names array is used to store the names of five persons, and the addresses array is used to store the addresses of the same five persons. The data for one person is stored in the same relative location in each array. For example, the first person’s name is stored at names[0] and that same person’s address is stored at addresses[0]. This relationship between the arrays is illustrated in Figure CS4-1.


      Figure CS4-1

The relationship between the names and addresses arrays

[image: The figure shows the two address blocks and the connections between them.]
 The figure shows two address blocks. The first block is divided into five columns. Each column, from left to right, is labeled as follows: names [0], names[1], names[2], names[3] and names[4]. The second block is also divided into five columns. Each column, from left to right, is labeled as follows: addresses [0], addresses [1], addresses [2], addresses [3], and addresses [4]. In between these two blocks, the following are labeled: Person hash 1, Person hash 2, Person hash 3, Person hash 4 and Person hash 5. Arrows from the text Person hash 1 is pointed to the names [0] block and addresses [0] block. Arrows from the text Person hash 2 is pointed to the names [1] block and addresses [1] block. Arrows from the text Person hash 3 is pointed to the names [2] block and addresses [2] block. Arrows from the text Person hash 4 is pointed to the names [3] block and addresses [3] block. Arrows from the text Person hash 5 is pointed to the names [4] block and addresses [4] block.


From Starting Out with Java: From Control Structures through Objects, Eighth Edition. Tony Gaddis. Copyright © 2021 by Pearson Education, Inc. All rights reserved.


To access the data, use the same subscript with both arrays. For example, the following loop displays each person’s name and address.


    for (int i = 0; i < names.length; i++) 
{ 
   System.out.println(“Name: ” + names[i]); 
   System.out.println(“Address: ” + addresses[i]); 
} 




The names and addresses arrays are examples of parallel arrays. Parallel arrays are two or more arrays that hold related data, and the related elements of each array are accessed with a common subscript.


Parallel arrays are especially useful when the related data is of unlike types. For example, the program in Code Listing Code Listing CS4-1 is a payroll program. It uses two arrays: one to store the hours worked by each employee (as int values), and another to store each employee’s hourly pay rate (as double values).


 

Code Listing CS4-1 (ParallelArrays.java)


    import java.util.Scanner;
  
/**
   This program demonstrates parallel arrays.
*/
  
public class ParallelArrays
{
   public static void main(String [] args)
   {
       final int NUM_EMPLOYEES = 3;
       int[] hours = new int[NUM_EMPLOYEES];
       double[] payRates = new double[NUM_EMPLOYEES];
  
       // Get the hours worked by each employee.
       getPayData(hours, payRates);
  
       // Display each employee’s gross pay.
       displayGrossPay(hours, payRates);
   }
  
 /**
    The getPayData method accepts as arguments arrays
    for employees’ hours and pay rates. The user enters
    values for these arrays.
 */
  
   private static void getPayData(int[] hours, double[] payRates)
   {
      // Create a Scanner object for keyboard input.
      Scanner keyboard = new Scanner(System.in);
  
      // Get each employee’s hours worked and pay rate.
      for (int i = 0; i < hours.length; i++)
      {
         // Get the hours worked for an employee.
         System.out.printf(
            “Enter the hours worked by employee #%d: ”,
            (i + 1));
          hours[i] = keyboard.nextInt();
  
          // Get the hourly pay rate for this employee.
          System.out.printf(
             “Enter the hourly pay rate for employee #%d: ”,
             (i + 1));
           payRates[i] = keyboard.nextDouble();
      }
   } 
  
 /**
     The displayGrossPay method accepts as arguments
     arrays for employees’ hours and pay rates. The
     method uses these arrays to calculate and display
     each employee’s gross pay.
 */
  
 private static void displayGrossPay(int [] hours,
                                     double [] payRates)
 {
    double grossPay; // To hold gross pay
  
    // Display each employee’s gross pay.
    for (int i = 0; i < hours.length; i++)
    {
       // Calculate the gross pay.
       grossPay = hours[i] * payRates[i];
  
       // Display the gross pay.
       System.out.printf(
            “The gross pay for employee #%d is $%,.2f.\n”,
            (i + 1), grossPay);
    } 
  }
}




Program Output with Example Input Shown in Bold


    Enter the hours worked by employee #1: 15 [Enter]
Enter the hourly pay rate for employee #1: 12.00 [Enter]
Enter the hours worked by employee #2: 20 [Enter]
Enter the hourly pay rate for employee #2: 18.00 [Enter]
Enter the hours worked by employee #3: 40 [Enter]
Enter the hourly pay rate for employee #3: 25.50 [Enter]
The gross pay for employee #1 is $180.00.
The gross pay for employee #2 is $360.00.
The gross pay for employee #3 is $1,020.00.
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           Embedding HTML in Documentation Comments


You can embed HTML tags in documentation comments and javadoc will include those tags when it generates the documentation files. For example, the following code shows a method with the  and  tags embedded. The  tag causes its enclosed text to be displayed in code font, and the  tag causes its enclosed text to be displayed in italics.


    /** 
 The  <code>addInterest</code>  method adds the interest 
 for the  <i>month</i>  to the balance field. 
*/ 
  
public void addInterest() 
{ 
   interest = balance * interestRate; 
   balance = balance + interest; 
}
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           The @param Tag


When the javadoc utility sees an @param tag inside of a method’s documentation comments, it knows that the documentation for a parameter variable appears next. Each parameter should have its own @param tag, and follow this general format:


    @param parameterName Description




In the general format, parameterName is the name of the parameter, and Description is a brief description of the parameter. When a method’s documentation comments contain one or more @param tags, the javadoc utility will create a Parameters section in the method’s documentation. This is where the descriptions of the method’s parameters will be listed. Remember the following points about @param tag comments:


  		All @param tags in a method’s documentation comment must appear after the general description of the method.

		The description can span several lines. It ends at the end of the documentation comment (the */ symbol), or at the beginning of another tag.





  

OEBPS/xhtml/urn_pearson_manifest_6053da26-dcad-4a06-afbd-ebc59ecc6735.xhtml
           The @author and @version Tags


The @author tag may be used in a class’s documentation comment to identify the author or authors of the class. The general format of the tag is:


    @author AuthorName




If there is more than one author, you use a separate tag for each author.


The @version tag may also be used in a class’s documentation comment to identify the version of the class. The general format of the tag is:


    @version VersionNumber




Here is an example of the BankAccount class’s documentation comment, modified to use these tags:


    /** 
 The BankAccount class simulates a bank account. 
 @author Katie Green 
 @version 1.0 
*/ 
  
public class BankAccount




When you use these tags, you must also provide the –author and –version options on the command line when invoking the javadoc utility. Here is an example:


    javadoc –author –version BankAccount.java




This will cause the resulting HTML documentation to contain the author name(s) and the version number. If you do not provide these command line options, javadoc will ignore the @author and @version tags.
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           Appendix F: Installing and Working with JavaFX


If you are using Java 11 or later, you must install JavaFX separately from the JDK. Go to https://openjfx.io/ and click the Download link. On the Downloads page, scroll down to the find the latest release of the JavaFX SDK (Software Development Kit) for your system. At the time this was written, the latest release was JavaFX 14.0.1.


You should see links to download the JavaFX SDK for Windows, macOS, and Linux. When you click one of the links, you will download a compressed file containing the JavaFX SDK. This appendix provides detailed instructions for installing JavaFX on Windows and macOS systems.


Windows


When you download the JavaFX SDK for Windows, you will get a zip file with a name like this:


    openjfx-14.0.1_windows-x64_bin-sdk.zip




In this example, the name indicates that the file contains JavaFX version 14.0.1. The actual name of the file that you download might be different because the version numbers will change over time.


Installing the Files


You can install JavaFX anywhere on your system, as long as there are no spaces in the path. In Appendix E you were instructed to create the folder C:\Java to hold the JDK. It is recommended that you install the JavaFX files in that folder as well. Follow these steps to proceed:


  		Open the Downloads folder (or the location where you downloaded the JavaFX zip file.). Right-click on the zip file and select Extract All... In the window that appears next, keep the default destination, and make sure that the Show extracted files when complete box is checked.

		The zip file’s contents will now be extracted to a folder with a name such as openjfx-14.0.1_windows-x64_bin-sdk. Inside this folder you will see another folder with a name such as javafx-sdk-14.0.1. Move this folder to the C:\Java folder that you have previously created.

		You have now installed the JavaFX SDK files to the folder C:\Java\javafx-sdk-14.0.1 (or similar). Take note of this path, as you will need it in the next steps.




Setting the PATH_TO_FX Environment Variable


  		In the Windows search box, type environment variables then select Edit the system environment variables from the search results. This will display the System Properties window (with the Advanced tab selected at the top of the window).

		Click the Environment Variables... button.

		Click the New... button that appears below the list of system variables.

		In the Variable name box, type PATH_TO_FX.

		In the Variable value box, enter the path of the JavaFX folder that you took note of in Step 4 of the file installation procedure. This will be something similar to C:\Java\javafx-sdk-14.0.1.

		Press Enter, and then click the OK buttons until all the dialog boxes are closed and exit the control panel.
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           The @exception and @throws Tags


The @exception and @throws tags both do the same thing: specify an exception that is thrown by a method. Here are the general formats of both tags:


    @exception  ExceptionName Description 
@throws  ExceptionName Description




ExceptionName is the name of an exception and Description is a description of the circumstances that cause the exception. When a method’s documentation comments contains an @exception tag or a @throws tag, the javadoc utility will create a Throws section in the method’s documentation. This is where the description of the method’s return value will be listed. Remember the following points about @exception and @throws tag comments:


  		An @exception tag or @throws tag in a method’s documentation comment must appear after the general description of the method.

		The description can span several lines. It ends at the end of the documentation comment (the */ symbol), or at the beginning of another tag.




For example, the following code shows a method named FileRead, which throws an IOException when it fails to read a file:


    /** 
 This method opens a file and reads its contents. 
 @param FileName Specifies the file to read. 
 @exception IOException Failed to read the file. 
*/ 
  
public void FileRead(String filename) throws IOException 
{ 
   // Body of the method appears here... 
}
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           The add Method


The add method is the first FeetInches method we will study that performs a same class operation. It allows us to add one FeetInches object to another. Let’s take a closer look at the method, which appears in lines 130 through 138. For your convenience, the method is shown here:


    130 public FeetInches add(FeetInches object2) 
131 { 
132    int totalFeet,       // To hold the sum of feet 
133    totalInches;         // To hold the sum of inches 
134 
135    totalFeet = feet + object2.feet; 
136    totalInches = inches + object2.inches; 
137    return new FeetInches(totalFeet, totalInches); 
138 } 




This method accepts a FeetInches object as its argument. The parameter variable object2 will reference the object that was passed as an argument. The statement in line 135 adds the feet field of the calling object to the feet field of the argument object, and stores the result in the local variable totalFeet. Notice that the method can access object2’s feet field directly. Because the add method is a member of the FeetInches class, it is allowed to access object2’s private fields.


Next, in line 136, the method adds the inches field of the calling object to the inches field of object2, and stores the result in the local variable totalInches.


The last statement, in line 137, creates a new FeetInches object, passes totalFeet and totalInches to the constructor, and returns a reference to the object. The program in Code Listing CS5-3 demonstrates the method.


 

Code Listing CS5-3 (DistanceAdd.java)


    /**
   This program uses the FeetInches class’s add method
   to add two distances.
*/
  
public class DistanceAdd
{
   public static void main(String[] args)
   {
      // Create a FeetInches object holding 5 feet, 9 inches.
      FeetInches distance1 = new FeetInches(5, 9);
   
      // Create a FeetInches object holding 2 feet, 5 inches.
      FeetInches distance2 = new FeetInches(2, 5);
   
      // Declare a FeetInches variable that does not
      // reference an object.
      FeetInches distance3;
    
      // Add distance 1 and distance 2, store the
      // result in distance3.
      distance3 = distance1.add(distance2);
   
      // Display the results.
      System.out.println(“The first distance is ” + distance1);
      System.out.println(“The second distance is ” + distance2);
      System.out.println(“The sum of these distances is ” + distance3);
   }
}




Program Output


    The first distance is 5 feet 9 inches
The second distance is 2 feet 5 inches
The sum of these distances is 8 feet 2 inches
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           Using Fully Qualified Class Names


It is not required that you use the import statement to access classes in a package. Without the import statement, however, you must use the classes’ fully qualified names. The fully qualified names of the Car and Truck classes in the vehicle package are vehicles.Car and vehicles.Truck. Code Listing I-4 is a version of Code Listing I-3, which uses fully qualified class names instead of the import statement.


 

Code Listing I-4 (CarTruckDemo2.java)


       /**
    * This program demonstrates the Car and Truck
    * classes by using their fully-qualified names
    * instead of an import statement.
    */

   public class CarTruckDemo2
   {
      public static void main(String[] args)
      {
         vehicles.Car roadster = new vehicles.Car(2, 155);
         vehicles.Truck pickUp = new vehicles.Truck(18, 2);

         System.out.println("Here's information " +
                            "about the car:");
         System.out.println(roadster);
         System.out.println();
         System.out.println("Here's information " +
                            "about the truck:");
         System.out.println(pickUp);
      }
   }




Program Output


    Same as Code Listing I-3.




  

Notice every occurrence of the Car and Truck class names must be written as vehicles.Car and vehicles.Truck. Obviously, it is more convenient to use the import statement.
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           The Copy Constructor


The FeetInches class has three constructors: a no-arg constructor, a constructor that accepts arguments for the feet and inches fields, and a third constructor that accepts a FeetInches object as its argument. Here is the code for the third constructor, which appears in lines 45 through 49:


    45 public FeetInches(FeetInches object2) 
46 { 
47    feet = object2.feet; 
48    inches = object2.inches; 
49 }




This type of constructor is sometimes referred to as a copy constructor. It makes the object that is being created a copy of the object that was passed as an argument. For example, the following code segment creates two FeetInches objects. The second one is a copy of the first one.


    // Create a FeetInches object holding 5 feet, 9 inches. 
FeetInches distance1 = new FeetInches(5, 9); 
// Create another one that is a copy. 
FeetInches distance2 = new FeetInches(distance1);
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           The Main Program


The main program code is shown in Code Listing CS2-2. First, it gets the amount of the loan, the annual interest rate, and the years of the loan as input from the user. It then creates an instance of the Amortization class and passes this data to the class’s constructor. The program then saves the amortization report in the file LoanAmortization.txt. It asks the user whether he or she wants to run another report. If so, the program repeats these steps. 


 

Code Listing CS2-2 (LoanReport.java)


    import java.util.Scanner;
import java.io.IOException;
  
/**
   This program displays a loan amortization report.
*/
  
public class LoanReport
{
   public static void main(String[] args) throws IOException
   {
      double loan;         // Loan amount
      double interestRate; // Annual interest rate
      int years;           // Years of the loan
      String again;        // To indicate if loop should repeat
  
      // Create a Scanner object for keyboard input.
      Scanner keyboard = new Scanner(System.in);
  
      do
      {
         // Get the loan amount.
         System.out.print("Enter the loan amount: ");
         loan = keyboard.nextDouble();
  
         // Validate the loan amount. (No negative amounts.)
         while (loan < 0)
         {
            System.out.print("Invalid amount.");
            System.out.print("Enter the loan amount: ");
            loan = keyboard.nextDouble();
         }
  
         // Get the annual interest rate.
         System.out.print("Enter the annual interest rate: ");
         interestRate = keyboard.nextDouble();
  
         // Validate the interest rate. (No negative amounts.)
         while (interestRate < 0)
         {
            System.out.print("Invalid amount.");
            System.out.print("Enter the annual interest rate: ");
            interestRate = keyboard.nextDouble();
         }
  
         // Get the years of the loan.
         System.out.print("Enter the years of the loan: ");
         years = keyboard.nextInt();
  
         // Validate the number of years. (No negative amounts.)
         while (years < 0)
         {
            System.out.print("Invalid amount.");
            System.out.print("Enter the years of the loan: ");
            years = keyboard.nextInt();
         }
  
         // Create and initialize an Amortization object.
         Amortization am =
             new Amortization(loan, interestRate, years);
  
         // Save the report.
         am.saveReport("LoanAmortization.txt");
         System.out.println("Report saved to LoanAmortization.txt.");
  
         // Do another report?
         System.out.println("Would you like to run another report?");
         System.out.print("Enter Y for yes or N for no: ");
         keyboard.nextLine(); // Consume the remaining newline.
         again = keyboard.nextLine();
      } while (again.charAt(0) == 'Y' || again.charAt(0) == 'y');
   }
}




Program Output with Example Input Shown in Bold


    Enter the loan amount: 5000.00 [Enter]
Enter the annual interest rate: 0.059 [Enter]
Enter the years of the loan: 1 [Enter]
Report saved to LoanAmortization.txt.
Would you like to run another report?
Enter Y for yes or N for no: n [Enter]




  

Contents of the file LoanAmortization.txt:


    		Monthly Payment: $430.10

		Month		Interest		Principal		Balance

		1		24.58		405.52		4,594.48 

		2		22.59		407.51		4,186.97

		3		20.59		409.52		3,777.45

		4		18.57		411.53		3,365.92

		5		16.55		413.55		2,952.37

		6		14.52		415.59		2,536.78

		7		12.47		417.63		2,119.15

		8		10.42		419.68		1,699.47

		9		8.36		421.75		1,277.72

		10		6.28		423.82		853.90

		11		4.20		425.90		428.00

		12		2.10		428.00		0.00






First, notice that a do-while loop (in lines 20 through 72) controls everything done in this program. Here is a condensed version of the loop:


    do
{




(Code to get the loan data and display the report.)


      // Do another report? 
  System.out.println("Would you like to run another report?"); 
  System.out.print("Enter Y for yes or N for no: "); 
  keyboard.nextLine(); // Consume the remaining newline. 
  again = keyboard.nextLine(); 
} while (again.charAt(0) == 'Y' || again.charAt(0) == 'y'); 




During each iteration, this loop first gathers the necessary loan data as input and then writes the amortization report. At the end of the iteration, the user is asked whether he or she wants to run another report. If the user enters Y or y for yes, the loop repeats. Otherwise, the loop terminates and the program ends.


Inside the loop, the code that gathers input from the user also validates the input. For example, here is the code in lines 23 through 32 that gets and validates the loan amount:


    // Get the loan amount. 
System.out.print("Enter the loan amount: "); 
loan = keyboard.nextDouble(); 
  
// Validate the loan amount. (No negative amounts.) 
while (loan < 0) 
{
   System.out.print("Invalid amount."); 
   System.out.print("Enter the loan amount: "); 
   loan = keyboard.nextDouble(); 
}




If the user enters a negative number, the while loop in lines 27 through 32 displays an error message and asks the user to enter the loan amount again. The code that gets the annual interest rate and the years of the loan, in lines 35 through 56, also performs similar input validation. Once these values have been correctly entered, an instance of the Amortization class is created in lines 59 and 60:


    Amortization am = 
   new Amortization(loan, interestRate, years);




Then, the saveReport method is called in line 63 to save the amortization report to the file LoanAmortization.txt:


    am.printReport(“LoanAmortization.txt”);




 

NOTE: Notice that Code Listing CS2-1 has the following import statement in line 2:


    import java.io.IOException;




Although this program does not have any code that directly performs file I/O, we still have to have this import statement because of the throws IOException clause in the main method header. The main method has to have the throws IOException clause because it calls the saveReport method in the Amortization class.
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           Case Study 3: The PinTester Class


The National Commerce Bank has hired you as a contract programmer. Your first assignment is to write a class that will be used by the bank’s automated teller machines (ATMs) to validate a customer’s personal identification number (PIN). Your class, which will be named PinTester, will be incorporated into a larger program that asks the customer to input his or her PIN on the ATM’s numeric keypad. (PINs are multi-digit numbers. The program stores each digit in an element of an int array.) The program also retrieves a copy of the customer’s actual PIN from a database, as an int array. If these arrays match, then the customer’s identity is validated.


Table CS3-1 lists the fields that the class should have.


     Table CS3-1

PinTester class fields

		Field Name		Description

		userPIN		This field should be an int array reference variable. It will be used to reference an array containing the PIN digits entered by the user.

		validPIN		This field should be an int array reference variable. It will be used to reference an array containing the valid PIN digits retrieved from the database.






Table CS3-2 lists the methods that the class should have.


     Table CS3-2

PinTester class methods

		Method		Description

		Constructor		The constructor is to accept references to two int arrays as arguments. The array referenced by the first argument will contain the numbers entered by the customer. The array referenced by the second argument will contain the numbers retrieved from the bank’s database. The constructor should create two arrays and reference them by the userPIN and validPIN fields. Then, it should copy the contents of the arrays passed as arguments to the userPIN and validPIN arrays.

		isValid		This boolean function should return true if the userPIN and validPIN arrays are identical. Otherwise, it should return false.






From Starting Out with Java: From Control Structures through Objects, Eighth Edition. Tony Gaddis. Copyright © 2021 by Pearson Education, Inc. All rights reserved.


Code Listing CS3-1 shows the PinTester class.


 

Code Listing CS3-1 (PinTester.java)


    /**
   The PinTester class is used to compare the PIN that
   was entered by a user to the valid PIN.
*/
  
public class PinTester
{
   private int[] userPIN; // The PIN entered
   private int[] validPIN; // The valid PIN
  
   /**
      Constructor
      @param user The PIN digits entered by the user.
      @param valid The valid PIN digits.
   */
  
   PinTester(int[] user, int[] valid)
   {
      // Create an array to hold a copy of the
      // PIN digits entered by the user.
      userPIN = new int[user.length];
  
      // Copy the user array to the userPIN array.
      for (int i = 0; i < user.length; i++)
          userPIN[i] = user[i];
  
      // Create an array to hold a copy of the
      // valid PIN digits. 
      validPIN = new int[valid.length];
  
      // Copy the valid array to the validPIN array.
      for (int i = 0; i < valid.length; i++)
         validPIN[i] = valid[i];
}
  
/**
   The isValid method compares the PIN digits entered
   by the user and determines whether they are valid.
   @return true if valid, false otherwise.
*/
  
public boolean isValid()
{
   int i;           // Loop control variable
   boolean isEqual; // Flag
  
   // Compare the lengths of the two arrays. If
   // the arrays are not the same size, then they
   // are not equal.
  
   if (userPIN.length != validPIN.length)
       isEqual = false;
   else // Compare the contents of the two arrays
   {
      i = 0;
      isEqual = true;
  
      while (isEqual && i < userPIN.length)
      {
         if (userPIN[i] != validPIN[i])
             isEqual = false;
         i++;
      }
   }
  
   return isEqual;
   }
}




  

Because you have only been asked to write a method that performs the comparison between the customer’s input and the PIN that was retrieved from the database, you will also need to write a program that tests the method. Code Listing CS3-2 shows the complete program.


 

Code Listing CS3-2 (PinTesterDemo.java)


    /**
   This program tests the PinTester class with
   various PIN values.
*/
  
public class PinTesterDemo
{
   public static void main(String [] args)
   {
      // Create two sample arrays that are identical.
      int [] pin1 = {2, 4, 1, 8, 7, 9, 0};
      int [] pin2 = {2, 4, 1, 8, 7, 9, 0};
  
      // Create two sample arrays that are different.
      int [] pin3 = {2, 4, 6, 8, 7, 9, 0};
      int [] pin4 = {1, 2, 3, 4, 5, 6, 7};
  
      // Create two PinTester objects.
      PinTester pt1 = new PinTester(pin1, pin2);
      PinTester pt2 = new PinTester(pin3, pin4);
  
      // Compare pin1 and pin2. These arrays are identical.
      if (pt1.isValid())
      {
         System.out.println(“SUCCESS: pin1 and pin2 ” +
                            “are the same.”);
      }
      else
      {
         System.out.println(“ERROR: pin1 and pin2 ” +
                            “are different.”);
      }
  
      // Compare pin3 and pin4. All of the elements in these
      // arrays are different.
  
      if (pt2.isValid())
      {
          System.out.println(“ERROR: pin3 and pin4 ” +
                             “are the same.”);
      }
      else
      {
         System.out.println(“SUCCESS: pin3 and pin4 ” +
                            “are different.”);
      }
   }
}




Program Output


    SUCCESS: pin1 and pin2 are the same.
SUCCESS: pin3 and pin4 are different.
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           Appendix E: Installing OpenJDK and using the JDK Documentation


For this book you need to install OpenJDK, which is the free, open source version of the JDK Standard Edition. OpenJDK can be downloaded from this Web site:


    https://jdk.java.net/




On that Web site you should see a link to download the latest "ready for use" version of the JDK. At the time this was written, JDK 14 was the latest version. By the time you are reading this, however, the latest version is likely to be different because new versions of the JDK are released every March and September.


When you click the link to download the JDK, you will be taken to a page that looks something like Figure E-1. On that page are links to download the JDK for Windows, macOS, and Linux. When you click one of the links, you will download a compressed file containing the JDK. This appendix provides detailed instructions for installing the downloaded JDK file on Windows and macOS systems.


      Figure E-1

OpenJDK download page

[image: The figure illustrates a window of the J D K dot java dot net.]
 The window contains two divisions the first division is on the left side with a list of options. Division 1 starts with text, jdk dot java dot net. It follows a heading reads G "A" Releases, and it contains two options J D K 14 and J M C 7. Next is a level 2 heading reads Early Access Releases, and it contains 7 lists of options: J D K 16, J D K 15, Lanai, Loom, Metropolis, Panama, and valinalia. Level 3 heading reads as a reference implementations, and it contains 8 lists of options: Java S E 14, Java S E 13, Java S E 12, Java S E 11, Java S E 10, Java S E 9, Java S E 8, Java S E 7. Level 4 heading recharge feedback, and it contains 2 option Report a bug and Archive.
Division 2 starts with level 1 heading J D K 14 dot 0 dot 2 General hyphen Availability Release, and it contains 5 lines. Line 1: This page provides production hyphen hyphen source build of the Java Development. Line 2: kit comma version 14 comma and implementation of the Java S E 14 platform under the GNU. Line 3: General Public License version 2 comma with the Class path Exception. Line 4: commercial builds of J D K 14 dot 0 dot 2 from Oracle comma under a non hyphen open hyphen source license comma can. Line 5: be found at the Oracle Technology Network. Level 2 heading reads Documentation, and it contains 4 lists with bullet symbol. List are following Features, Release notes, "A"P I Javadoc, Tool Specifications. The level 3 heading reads Builds, and it contains three lines. Line 1: Linux forward slash x64 space space tar dot open bracket sha256 close bracket space space 198606200 bytes. An arrow points to tar dot gz open bracket sha256 close bracket. Line 2: macOS forward slash x64 space space tar dot gz open bracket sha256 close bracket space space 193313480. Line 3: Windows forward slash x64 space space tar dot gz open bracket sha256 close bracket space space 198760870.
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				Appendix H: More about the Math Class


			

			
				The Java Math class is a collection of static methods for performing specific mathematical operations. This class is in the java.lang package, so there is no need for an import statement to use it.


			

			
				In Chapter 2, you were introduced to the Math.pow method, which returns the value of a number raised to a power. Table H-1 describes several of the Math class’s methods.


			

			
				
					
						Table H-1
					


					
						Several Math class methods
					


					
						
							
								
									
												
											Method
										
												
											Example Usage
										
												
											Description
										
									


									
												abs
												
											y = Math.abs(x);
										
												Returns the absolute value of the argument. This method can accept and return values of the double, float, int, and long data types.
									


									
												
											acos
										
												
											y = Math.acos(x);
										
												Returns the arc-cosine of the argument. The argument should be the cosine of an angle. (The argument’s value must be in the range from 
												
													−
													1.0
												
											 through 1.0.) The return type and the argument are doubles.
									


									
												
											
												asin
											


										
												
											
												y = Math.asin(x);
											


										
												Returns the arc-sine of the argument. The argument should be the sine of an angle. (The argument’s value must be in the range from 
												
											
											
												
													−
													1.0
												
											 through 1.0.) The return type and the argument are doubles.
									


									
												
											
												atan
											


										
												
											
												y = Math.atan(x);
											


										
												
											Returns the arc-tangent of the argument. The argument should be the tangent of an angle. The return type and the argument are doubles.


										
									


									
												
											
												cbrt
											


										
												
											
												y = Math.cbrt(x);
											


										
												
											Returns the cube root of the argument. The return type and argument are doubles. Note: This method was introduced in Java 5.


										
									


									
												
											
												ceil
											


										
												
											
												y = Math.ceil(x);
											


										
												
											Returns the smallest number that is greater than or equal to the argument. The return type and the argument are doubles.


										
									


									
												
											
												cos
											


										
												
											
												y = Math.cos(x);
											


										
												
											Returns the cosine of the argument. The argument should be an angle expressed in radians. The return type and the argument are doubles.


										
									


									
												
											
												exp
											


										
												
											
												y = Math.exp(x);
											


										
												Computes the exponential function of the argument, which is 
												
													
														
															
																
															
														
													
												
											
											
												
													
														e
														x
													
													.
												
											 The return type and the argument are doubles.
									


									
												
											
												floor
											


										
												
											
												y = Math.floor(x);
											


										
												
											Returns the largest number that is less than or equal to the argument. The return type and the argument are doubles.


										
									


									
												
											
												hypot
											


										
												
											
												c = Math.hypot(a, b);
											


										
												
											Returns the length of the hypotenuse of a right triangle. The arguments a and b are the lengths of the other two sides of the triangle. The return type and the argument are doubles. Note: This method was introduced in Java 5.


										
									


									
												
											
												log
											


										
												
											
												y = Math.log(x);
											


										
												
											Returns the natural logarithm of the argument. The return type and the argument are doubles.


										
									


									
												
											
												pow
											


										
												
											
												y = Math.pow(x, z);
											


										
												
											Returns the value of the first argument raised to the power of the second argument. The return type and the argument are doubles.


										
									


									
												
											
												round
											


										
												
											
												y = Math.round(x);
											


										
												
											Returns the value of the argument, as an integer, rounded to the nearest whole number. The argument is expected to be a double or a float. If the argument is a double, the return type is long. If the argument is a float, the return type is int.


										
									


									
												
											
												sin
											


										
												
											
												y = Math.sin(x);
											


										
												
											Returns the sine of the argument. The argument should be an angle expressed in radians. The return type and the argument are doubles.


										
									


									
												
											
												sqrt
											


										
												
											
												y = Math.sqrt(x);
											


										
												
											Returns the square root of the argument. The return type and argument are doubles.


										
									


									
												
											
												tan
											


										
												
											
												y = Math.tan(x);
											


										
												
											Returns the tangent of the argument. The argument should be an angle expressed in radians. The return type and the argument are doubles.


										
									


									
												
											
												toDegrees
											


										
												
											
												y = Math.toDegrees(x);
											


										
												
											Accepts as an argument an angle in radians. The angle converted to degrees is returned. The argument and return values are both doubles.


										
									


									
												
											
												toRadians
											


										
												
											
												y = Math.toRadians(x);
											


										
												Accepts as an argument an angle in degrees. The angle converted to radians is returned. The argument and return values are both doubles.
									


								
							


						

					

				
			

			
				We will not cover all of these methods in depth, but let’s take a closer look at some of them. The Math.abs method returns the absolute value of its argument. The following code segment shows an example of how it is used.


			

			
				
					
													
								double x = -4.2, y = 4.2, a, b;
								a = Math.abs(x);
								b = Math.abs(y);
							
						


					

				
			

			
				After this code executes, both the variables a and b will contain the value 4.2. The argument to the Math.abs method can be of the double, float, int, or long data types. This is because there are several overloaded versions of the method. The method’s return value will be of the same data type as the argument.


			

			
				Here is a program segment that demonstrates the Math.sqrt method, which returns the square root of a number:


			

			
				
					
													
								num = 25.0;
								s = Math.sqrt(num);
								System.out.println(”The square root of " + num + " is " + s);
							
						


					

				
			

			
				The output of this program segment is


			

			
				
					
													
								The square root of 25.0 is 5.0
							
						


					

				
			

			
				The Math.round method returns the value of its argument rounded to the nearest whole number. The following code segment shows an example.


			

			
				
					
													
								double x = 4.2, y = 4.8;
								long a, b;
								a = Math.round(x);
								b = Math.round(y);
							
						


					

				
			

			
				After this code executes, a will contain 4 and b will contain 5.


			

			
				In addition to these and other methods, the Math class defines two static final variables, which are listed in Table H-2.


			

			
				
					
						Table H-2
					


					
						The E and PI constants
					


					
						
							
								
									
												
											
												Method
											


										
												
											
												Example Usage
											


										
												
											
												Description
											


										
									


									
												
											
												E
											


										
												
											
												y = x * Math.E;
											


										
												
											This is the mathematical constant known as e (for Euler’s number). It is defined as 2.7182818284590452354.


										
									


									
												
											
												PI
											


										
												
											
												area = Math.PI * radius * radius;
											


										
												This is the mathematical constant Pi, or 
												
													π
												
											. It is defined as 3.14159265358979323849.
												
											
										
									


								
							


						

					

				
			

			
				Both of these final variables are public, so you can access them directly from the class.
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           The -public, -private, and -protected Command Line Options


By default, the javadoc utility generates documentation only for public and protected classes, interfaces, and members. You can alter this, however, by using a command line option.


The -public option causes javadoc to generate documentation only for public classes, interfaces, and members. Here is an example:


    javadoc -public Class1.java Class2.java Class3.java




If any of the classes or any of the class members are not public, javadoc will not generate documentation for them.


The -private option causes javadoc to generate documentation for all classes, interfaces, and members. Here is an example:


    javadoc -private Class1.java Class2.java Class3.java




This command will generate documentation for all the classes and their members, regardless of their access specification.


The -protected option causes javadoc to generate documentation only for public and protected classes, interfaces, and members. This is the same as javadoc’s default behavior. Here is an example:


    javadoc -protected Class1.java Class2.java Class3.java
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           Case Study 5: The FeetInches Class


Recall from Chapter 3 that the String class has a method, equals, that accepts a String object as an argument. As a review, here is an example of how the code can be used:


    String name1 = “Joe”; 
String name2 = “Jo”; 
if (name1.equals(name2)) 
   System.out.println(“The names are the same.”); 
else 
   System.out.println(“The names are not the same.”); 




This is an example of a same class operation, where an object performs an operation ­involving another object of the same class. In this section we use a class named FeetInches to study same class operations. The FeetInches class is designed to hold distances or ­measurements expressed in feet and inches. Figure CS5-1 shows a UML diagram for the class.


      Figure CS5-1

UML diagram for the FeetInches class

[image: The image contains class and objects comprising 1 block.]
 The image contains class and objects comprising 1 block. The block is labeled “FeetInches”. TThe followings are labeled on this block.
Line 1: minus feet colon int.
 Line 2: minus inches colon int.
 Line 3: plus FeetInches open paranthesis close parathesis colon. 
Line 4: plus FeetInches open parathesis f colon int, i colon int close paranthesis colon.
 Line 5: plus FeetInches open parathesis object2 colon FeetInches close parathesis colon. 
Line 6: minus simplify open paranthesis close parathesis colon void. 
Line 7: plus setFeet open parathesis f colon int close parathesis colon void. 
Line 8: plus setInches open parathesis i colon int close parathesis colon void. 
Line 9: getFeet open paranthesis close parathesis colon int.
 Line 10: plus getInches open paranthesis close parathesis colon int. 
Line 11: plus toString open paranthesis close parathesis colon String. 
Line 12: plus add open parathesis object2 colon FeetInchesclose parathesis colon FeetInches. 
Line 13: plus equals open parathesis object2 colon FeetInches close parathesis colon boolean.


From Starting Out with Java: From Control Structures through Objects, Eighth Edition. Tony Gaddis. Copyright © 2021 by Pearson Education, Inc. All rights reserved.


The class has two int fields: feet and inches. Together these fields hold a distance measured in feet and inches, such as 12 feet 7 inches. The feet field holds the feet part and the inches field holds the inches part. Table CS5-1 describes the class’s methods.


     Table CS5-1

The FeetInches class methods

		Method		Description

		Constructor #1 (no-arg constructor)		This constructor assigns 0 to both the feet and inches fields.

		Constructor #2		This constructor accepts two int arguments that are assigned to the feet and inches fields. The simplify method is also called.

		Constructor #3		This constructor accepts a FeetInches object as its argument. The object that is being created will become a copy of the object passed as an argument. This type of constructor is sometimes referred to as a “copy constructor.”

		simplify		This method adjusts any set of values where the inches field is greater than 11. For example, 3 feet 14 inches would be adjusted to read 4 feet 2 inches.

		setFeet		This method accepts an int argument that is assigned to the feet field.

		setInches		This method accepts an int argument that is assigned to the inches field. The simplify method is then called.

		getFeet		This method returns the value in the feet field.

		getInches		This method returns the value in the inches field.

		toString		This method returns a string representing the distance held by the object. For example, if an object’s feet field holds 3 and its inches field holds 7, the toString method would return the string “3 feet 7 inches”.

		add		This method accepts a FeetInches object as its argument. It returns a reference to a FeetInches object that is the sum of the calling object and the object that was passed as the argument.

		equals		This method accepts a FeetInches object as its argument. It returns the boolean value true if the calling object and the argument object hold the same data. Otherwise it returns false.

		copy		This method returns a reference to a new FeetInches object that is a copy of the calling object.






Before looking at the code for the FeetInches class, it might help to see a program that uses the class. The program in Code Listing CS5-1 demonstrates the class.


 

Code Listing CS5-1 (DistanceDemo.java)


    import java.util.Scanner;
  
/**
   This program demonstrates the FeetInches class.
*/
  
public class DistanceDemo
{
   public static void main(String[] args)
   {
      int feet, inches;         // To hold feet and inches
      FeetInches distance;      // To reference a FeetInches object
  
      // Create a Scanner object for keyboard input.
      Scanner keyboard = new Scanner(System.in);
   
      // Get a distance in feet and inches.
      System.out.println(“Enter a distance in feet ”
                          + “and inches.”);
      System.out.print(“First enter the feet: ”);
      feet = keyboard.nextInt();
      System.out.print(“Now enter the inches: ”);
      inches = keyboard.nextInt();
  
      // Create a FeetInches object, initialized with
      // the values entered by the user.
      distance = new FeetInches(feet, inches);
   
      // Display the object’s contents.
      System.out.println(“The distance you entered is ”
                          + distance.toString());
   }
}




Program Output with Example Input Shown in Bold


    Enter a distance in feet and inches.
First enter the feet: 5 [Enter]
Now enter the inches: 7 [Enter]
The distance you entered is 5 feet 7 inches




Program Output with Example Input Shown in Bold


    Enter a distance in feet and inches.
First enter the feet: 5 [Enter]
Now enter the inches: 14 [Enter]
The distance you entered is 6 feet 2 inches




  

Notice that the FeetInches class automatically adjusts measurements so that the inches field is never greater than 11. For example, the distance 5 feet 14 inches was adjusted to the more proper measurement 6 feet 2 inches. This adjustment is performed by a private method named simplify, which is called from the constructor and the setInches method.


Also notice that the class has a toString method which returns a string representing the distance held by an object. This method is useful for displaying a distance. Code Listing CS5-2 shows the FeetInches class.


 

Code Listing CS5-2 (FeetInches.java)


    /**
   The FeetInches class holds distances measured in
   feet and inches.
*/
  
public class FeetInches
{
   private int feet;     // The number of feet
   private int inches;   // The number of inches
  
   /**
      This constructor assigns 0 to the feet
      and inches fields.
   */
   
   public FeetInches()
   {
      feet = 0;
      inches = 0;
   }
   
      /** 
      This constructor accepts two arguments which
      are assigned to the feet and inches fields.
      The simplify method is then called.
      @param f The value to assign to feet.
      @param i The value to assign to inches.
   */
   
   public FeetInches(int f, int i)
   {
      feet = f;
      inches = i;
      simplify();
   }
   
   /**
      The following is a copy constructor. It accepts a
      reference to another FeetInches object. The feet
      and inches fields are set to the same values as
      those in the argument object.
      @param object2 The object to copy.
   */
   
   public FeetInches(FeetInches object2)
   {
      feet = object2.feet;
      inches = object2.inches;
   }
   
   /**
      The simplify method adjusts the values
      in feet and inches to conform to a
      standard measurement.
   */
  
   private void simplify()
   {
      if (inches > 11)
      {
         feet = feet + (inches / 12);
         inches = inches % 12;
      }
   }
    
   /**
      The setFeet method assigns a value to
      the feet field.
      @param f The value to assign to feet.
   */
   
   public void setFeet(int f)
   {
      feet = f;
   }
   
   /**
      The setInches method assigns a value to
      the inches field.
      @param i The value to assign to inches.
   */
   
   public void setInches(int i)
   {
      inches = i;
      simplify();
   }
   
   /**
      getFeet method
      @return The value in the feet field.
   */
   
   public int getFeet()
   {
      return feet;
   }
   
   /**
      getInches method
      @return The value in the inches field.
   */
   
   public int getInches()
   {
      return inches;
   }
   
   /**
      toString method
      @return a reference to a String stating
      the feet and inches.
   */
   
   public String toString()
   {
      String str = feet + “ feet ” +
                   inches + “ inches”;
      return str;
   }
   
   /**
      The add method returns a FeetInches object
      that holds the sum of this object and another
      FeetInches object.
      @param object2 The other FeetInches object.
      @return A reference to a FeetInches object.
   */
   
   public FeetInches add(FeetInches object2)
   {
      int totalFeet,      // To hold the sum of feet
          totalInches;    // To hold the sum of inches
    
      totalFeet = feet + object2.feet;
      totalInches = inches + object2.inches;
      return new FeetInches(totalFeet, totalInches);
   }
   
   /**
      The equals method compares this object to the
      argument object. If both have the same values,
      the method returns true.
      @return true if the objects are equal, false
      otherwise.
   */
    
   public boolean equals(FeetInches object2)
   {
      boolean status;
   
      if (object2 == null)
         status = false;
      else if (feet == object2.feet &&
               inches == object2.inches)
         status = true;
      else
         status = false;
      return status;
   }
   
   /**
      The copy method makes a copy of the
      calling object.
      @return A reference to the copy.
   */
   
   public FeetInches copy()
   {
      // Make a new FeetInches object and
      // initialize it with the same data
      // as the calling object.
      FeetInches newObject =
               new FeetInches(feet, inches);
    
      // Return a reference to the new object.
      return newObject;
   }
}
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           macOS


When you download the Derby file, you will get a zip file with a name like this:


    db-derby-10.15.2.0-bin.zip




In this example, the name indicates that the file contains Derby version 10.15.2.0. The actual name of the file that you download might be different because the version numbers will change over time.


Installing the Files


Now that you have downloaded the Derby compressed file, you will extract its contents to a directory in your user account’s home directory. In the following examples, we show the name of the compressed file as db-derby-10.15.2.0-bin.zip. Remember that the name of the file that you downloaded might be slightly different, depending on the version of Derby that you downloaded.


  		Open the Terminal app.

		Create a directory named derby in your home directory. Example:




    $ mkdir ~/derby




  		Change your current directory to the Downloads directory. Example:




    $ cd ~/Downloads




  		Use the unzip command to decompress the file that you downloaded. Example:




    $ unzip db-derby-10.15.2.0-bin.zip 




  		Use the ls command to see the contents of the current directory. Example:




    $ ls




  		In the command results, you should see a name similar to db-derby-10.15.2.0-bin. On your system, the name might be different depending on the version of Derby that you downloaded. This is a directory that contains the Derby files. Take note of the exact name as it appears on your system.




  		Move the Derby directory that you unzipped to the ~/derby directory. Example:




    $ mv db-derby-10.15.2.0-bin ~/derby




  		(Remember that the name of the directory that you are moving might be different from the one shown here.)




Setting the CLASSPATH Environment Variable


The Derby distribution file that you downloaded and extracted contains a file named derby.jar. This file is the Derby database engine. The derby.jar file will be in the lib folder, which is in the distribution folder that you extracted. For example, suppose you extracted the db-derby-10.15.2.0-bin distribution file to the ~/derby folder. The path of the derby.jar file would be:


    ~/derby/db-derby-10.15.2.0-bin/lib/derby.jar




Make sure that you know the correct path to the derby.jar file on your system. You will need to configure your system so the Java Virtual Machine can find the derby.jar file in this location. You do this by setting your system’s CLASSPATH environment variable to include the path of the file. If you are using Bash shell, you will edit the contents of a file named .bash_profile in your user account’s home directory. If you are using Z shell, you will edit the contents of a file named .zprofile in your user account’s home directory. To determine which shell you are using, perform the following steps:


  		Open the Terminal app.

		Enter the following command:




    $ echo $SHELL




  		If you see the following message, you are using Bash shell:




    /bin/bash




  		However, if you see the following message, you are using Z shell:




    /bin/zsh




  		Make a note of which shell you are using.




Bash Shell


If you are using Bash shell, perform the following steps in the Terminal app to set the CLASSPATH environment variable:


  		Go to your user account’s home directory. Example:




    $ cd ~




  		If you already have a .bash_profile file, you should make a backup copy. Use the cp command to copy the .bash_profile file to .bash_profile_BACKUP. Example:




    $ cp .bash_profile .bash_profile_BACKUP




  		If the .bash_profile file does not exist, you will see a message like this:




    cp: .bash_profile: No such file or directory




  		If you see a message like this, use the touch command to create an empty .bash_profile file. Example:




    $ touch .bash_profile




  		Use the open command to open the .bash_profile file in the TextEdit app. Example:




    $ open -e .bash_profile




  		This will open the .bash_profile file in a TextEdit window. Add the following line to the end of the file (be sure to substitute the correct path to the derby.jar file for your system):




    export CLASSPATH=$CLASSPATH:~/derby/db-derby-10.15.2.0-bin/lib/derby.jar:.




  		(Notice the ":." at the end of the line.)




  		Press Command+S to save the file.

		Use the source command to execute the .bash_profile file. Example:




    $ source .bash_profile




Z Shell


If you are using Z shell, perform the following steps in the Terminal app to set the PATH_TO_FX environment variable:


  		Go to your user account’s home directory. Example:




    % cd ~




  		If you already have a .zprofile file, you should make a backup copy. Use the cp command to copy the .zprofile file to .zprofile_BACKUP. Example:




    % cp .zprofile .zprofile_BACKUP




  		If the .zprofile file does not exist, you will see a message like this:




    cp: .zprofile: No such file or directory




  		If you see a message like this, use the touch command to create an empty .zprofile file. Example:




    % touch .zprofile




  		Use the open command to open the .zprofile file in the TextEdit app. Example:




    % open -e .zprofile




  		This will open the .zprofile file in a TextEdit window. Add the following line to the end of the file (be sure to substitute the correct path to the derby.jar file for your system):




    export CLASSPATH=$CLASSPATH:~/derby/db-derby-10.15.2.0-bin/lib/derby.jar:.




  		(Notice the ":." at the end of the line.)




  		Press Command+S to save the file.

		Use the source command to execute the .zprofile file. Example:




    % source .zprofile
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           Case Study 1: Calculating Sales Commission


Hal’s Home Computer Emporium is a retail seller of home computers. Hal’s sales staff works strictly on commission. At the end of the month, each salesperson’s commission is calculated according to Table CS1-1.


     Table CS1-1

Sales commission rates

		Sales This Month		Commission Rate

		less than $10,000 		  5%

		$10,000–14,999 		10%

		$15,000–17,999 		12%

		$18,000–21,999 		15%

		$22,000 or more 		16%






For example, a salesperson with $16,000 in monthly sales will earn a 12% commission ($1,920). Another salesperson with $20,000 in monthly sales will earn a 15% commission ($3,000).


Because the staff gets paid once per month, Hal allows each employee to take up to $1,500 per month in advance. When sales commissions are calculated, the amount of each employee’s advanced pay is subtracted from the commission. If any salesperson’s commission is less than the amount of this advance, he or she must reimburse Hal for the difference.


From Starting Out with Java: From Control Structures through Objects, Eighth Edition. Tony Gaddis. Copyright © 2021 by Pearson Education, Inc. All rights reserved.


Here are two examples: Beverly and John have $21,400 and $12,600 in sales, respectively. Beverly’s commission is $3,210 and John’s commission is $1,260. Both Beverly and John took $1,500 in advance pay. At the end of the month, Beverly gets a check for $1,710, but John must pay $240 back to Hal.


Now we will examine a program that eases the task of calculating the end-of-month commission.


Program Design


The program must perform the following general steps:


  		Ask the user to enter the salesperson’s monthly sales.

		Ask the user to enter the amount of advanced pay.

		Use the amount of monthly sales to determine the commission rate.

		Calculate the commission.

		Calculate the salesperson’s pay by subtracting the amount of advanced pay from the commission. If the amount is negative, the salesperson must reimburse the company.




Table CS1-2 lists and describes the program’s variables.


     Table CS1-2

Variables

		Variable		Description

		sales		A double variable to hold a salesperson’s total monthly sales.

		rate		A double variable to hold the salesperson’s commission rate.

		commission		A double variable to hold the commission.

		advance		A double variable to hold the amount of advanced pay the salesperson has drawn.

		Pay		A double variable to hold the salesperson’s amount of gross pay.






Programmers often write parts of a program in pseudocode before writing the actual Java code. Recall from Chapter 1 that pseudocode is a cross between human language and a ­programming language. It is an informal way of writing down each operation that a ­program must perform, and is especially helpful when designing an algorithm. Although the ­computer can’t understand pseudocode, most programmers find pseudocode helpful in creating a model of a program. When the pseudocode model is complete, it can be converted to actual code. Here is a pseudocode model for the sales commission program:


  		Display “Enter the amount of monthly sales”.

		Read sales.

		Display “Enter the amount of advanced pay”. 

		Read advance.

		If sales is less than 10,000		Store 0.05 in rate.





		else if sales is less than 15,000		Store 0.1 in rate.





		else if sales is less than 18,000		Store 0.12 in rate.





		else if sales is less than 22,000		Store 0.15 in rate.





		else		Store 0.16 in rate.





		commission = sales * rate.

		pay = commission – advance.

		Display pay.




Code Listing CS1-1 shows the actual program.


 

Code Listing CS1-1 (HalsCommission.java)


     import java.util.Scanner;
  
/**
   This program calculates a salesperson's gross
   pay at Hal's Computer Emporium.
*/
  
public class HalsCommission
{
   public static void main(String[] args)
   {
      double sales;        // Monthly sales
      double rate;         // Commission rate
      double commission;   // Amount of commission
      double advance;      // Advanced pay
      double pay;          // Salesperson's pay
  
      // Create a Scanner object for keyboard input.
      Scanner keyboard = new Scanner(System.in);
  
      // Get the monthly sales.
      System.out.print("Enter the amount of monthly sales: ");
      sales = keyboard.nextDouble();
  
      // Get the advanced pay.
      System.out.print("Enter the amount of advanced pay: ");
      advance = keyboard.nextDouble();
  
      // Determine the rate of commission.
      if (sales < 10000)
         rate = 0.05;            // 5% commission rate
      else if (sales < 15000)
         rate = 0.1;             // 10% commission rate
      else if (sales < 18000)
         rate = 0.12;            // 12% commission rate
      else if (sales < 22000)
         rate = 0.15;            // 15% commission rate
      else
         rate = 0.16;            // 16% commission rate
  
      // Calculate the amount of commission.
      commission = rate * sales;
  
      // Calculate the salesperson's pay.
      pay = commission - advance;
  
      // Display the salesperson's commission rate and pay.
      System.out.printf("Commission rate is %.2f.\n", rate);
      System.out.printf("The amount of pay is $%,.2f.\n", pay);
   }   
}




Program Output with Example Input Shown in Bold


    Enter the amount of monthly sales: 19000.00 [Enter]
Enter the amount of advanced pay: 1000.00 [Enter]
Commission rate is 0.15.
The amount of pay is $1,850.00.




  


  

OEBPS/xhtml/urn_pearson_manifest_8254b38b-df8f-46f3-a4eb-5c3076c25034.xhtml
           Appendix M: Named Colors


  		aliceblue = #f0f8ff

		antiquewhite = #faebd7

		aqua = #00ffff

		aquamarine = #7fffd4

		azure = #f0ffff

		beige = #f5f5dc

		bisque = #ffe4c4

		black = #000000

		blanchedalmond = #ffebcd

		blue = #0000ff

		blueviolet = #8a2be2

		brown = #a52a2a

		burlywood = #deb887

		cadetblue = #5f9ea0

		chartreuse = #7fff00

		chocolate = #d2691e

		coral = #ff7f50

		cornflowerblue = #6495ed

		cornsilk = #fff8dc

		crimson = #dc143c

		cyan = #00ffff

		darkblue = #00008b

		darkcyan = #008b8b

		darkgoldenrod = #b8860b

		darkgray = #a9a9a9

		darkgreen = #006400

		darkgrey = #a9a9a9

		darkkhaki = #bdb76b

		darkmagenta = #8b008b

		darkolivegreen = #556b2f

		darkorange = #ff8c00

		darkorchid = #9932cc

		darkred = #8b0000

		darksalmon = #e9967a

		darkseagreen = #8fbc8f

		darkslateblue = #483d8b

		darkslategray = #2f4f4f

		darkslategrey = #2f4f4f

		darkturquoise = #00ced1

		darkviolet = #9400d3

		deeppink = #ff1493

		deepskyblue = #00bfff

		dimgray = #696969

		dimgrey = #696969

		dodgerblue = #1e90ff

		firebrick = #b22222

		floralwhite = #fffaf0

		forestgreen = #228b22

		fuchsia = #ff00ff

		gainsboro = #dcdcdc

		ghostwhite = #f8f8ff

		gold = #ffd700

		goldenrod = #daa520

		gray = #808080

		green = #008000

		greenyellow = #adff2f

		grey = #808080

		honeydew = #f0fff0

		hotpink = #ff69b4

		indianred = #cd5c5c

		indigo = #4b0082

		ivory = #fffff0

		khaki = #f0e68c

		lavender = #e6e6fa

		lavenderblush = #fff0f5

		lawngreen = #7cfc00

		lemonchiffon = #fffacd

		lightblue = #add8e6

		lightcoral = #f08080

		lightcyan = #e0ffff

		lightgoldenrodyellow = #fafad2

		lightgray = #d3d3d3

		lightgreen = #90ee90

		lightgrey = #d3d3d3

		lightpink = #ffb6c1

		lightsalmon = #ffa07a

		lightseagreen = #20b2aa

		lightskyblue = #87cefa

		lightslategray = #778899

		lightslategrey = #778899

		lightsteelblue = #b0c4de

		lightyellow = #ffffe0

		lime = #00ff00

		limegreen = #32cd32

		linen = #faf0e6

		magenta = #ff00ff

		maroon = #800000

		mediumaquamarine = #66cdaa

		mediumblue = #0000cd

		mediumorchid = #ba55d3

		mediumpurple = #9370db

		mediumseagreen = #3cb371

		mediumslateblue = #7b68ee

		mediumspringgreen = #00fa9a

		mediumturquoise = #48d1cc

		mediumvioletred = #c71585

		midnightblue = #191970

		mintcream = #f5fffa

		mistyrose = #ffe4e1

		moccasin = #ffe4b5

		navajowhite = #ffdead

		navy = #000080

		oldlace = #fdf5e6

		olive = #808000

		olivedrab = #6b8e23

		orange = #ffa500

		orangered = #ff4500

		orchid = #da70d6

		palegoldenrod = #eee8aa

		palegreen = #98fb98

		paleturquoise = #afeeee

		palevioletred = #db7093

		papayawhip = #ffefd5

		peachpuff = #ffdab9

		peru = #cd853f

		pink = #ffc0cb

		plum = #dda0dd

		powderblue = #b0e0e6

		purple = #800080

		red = #ff0000

		rosybrown = #bc8f8f

		royalblue = #4169e1

		saddlebrown = #8b4513

		salmon = #fa8072

		sandybrown = #f4a460

		seagreen = #2e8b57

		seashell = #fff5ee

		sienna = #a0522d

		silver = #c0c0c0

		skyblue = #87ceeb

		slateblue = #6a5acd

		slategray = #708090

		slategrey = #708090

		snow = #fffafa

		springgreen = #00ff7f

		steelblue = #4682b4

		tan = #d2b48c

		teal = #008080

		thistle = #d8bfd8

		tomato = #ff6347

		transparent = rgba(0,0,0,0)

		turquoise = #40e0d0

		violet = #ee82ee

		wheat = #f5deb3

		white = #ffffff

		whitesmoke = #f5f5f5

		yellow = #ffff00

		yellowgreen = #9acd32
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           The copy Method


The copy method also performs a same class operation: It returns a FeetInches object that is a copy of the calling object. This method is necessary because you cannot copy objects with a simple assignment statement, as you would with primitive variables. For example, look at the following code:


    FeetInches distance1 = new FeetInches(4, 9);
FeetInches distance2 = distance1;




The first statement creates a FeetInches object and assigns its address to the distance1 variable. The second statement assigns distance1 to distance2. This does not make a copy of the object referenced by distance1. Rather, it makes a copy of the address that is stored in distance1 and stores it in distance2. After this statement executes, both the distance1 and distance2 variables will reference the same object. This is illustrated in Figure CS5-3.


      Figure CS5-3

Both variables reference the same object

[image: The image contains class and objects (address) comprising 2 blocks.]
 The first address block is labeled, The distance1 variable holds the address of a FeetInches Object. An arrow from this block points to the block labeled A feet Inches Object. Inside this block, the followings are labeled: Feet : 4; Inches : 9. The second address block is labeled The distance2 variable holds the address of a FeetInche object. An arrow from the second address block points to the feet inches object block.


The copy method, which appears in lines 168 through 178, creates a new FeetInches object and passes the calling object’s feet and inches fields as arguments to the constructor. This makes the new object a copy of the calling object. The method then returns a reference to the new object. Here is the method’s code:


    168 public FeetInches copy() 
169 { 
170    // Make a new FeetInches object and 
171    // initialize it with the same data 
172    // as the calling object. 
173    FeetInches newObject = 
174             new FeetInches(feet, inches); 
175 
176    // Return a reference to the new object. 
177    return newObject; 
178 } 
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           Converting String Input to Numbers


Unlike the Scanner class, the JOptionPane class does not have different methods for reading values of different data types as input. The showInputDialog method always returns the user’s input as a String, even if the user enters numeric data. For example, if the user enters the number 72 into an input dialog, the showInputDialog method will return the string "72". This can be a problem if you wish to use the user’s input in a math operation because, as you know, you cannot perform math on strings. In such a case, you must convert the input to a numeric value. To convert a string value to a numeric value, you use one of the methods listed in Table A-1.


     Table A-1

Methods for converting strings to numbers

		Method		Use This Method To . . .		Example Code

		Byte.parseByte

		Convert a string to a byte.

		byte num;

num = Byte.parseByte(str);



		Double.parseDouble

		Convert a string to a double.

		double num;

num = Double.parseDouble(str);



		Float.parseFloat

		Convert a string to a float.

		float num;

num = Float.parseFloat(str);



		Integer.parseInt

		Convert a string to an int.

		int num;

num = Integer.parseInt(str);



		Long.parseLong

		Convert a string to a long.

		long num;

num = Long.parseLong(str);



		Short.parseShort

		Convert a string to a ﻿short.

		short num;

num = Short.parseShort(str);








 

NOTE: The methods in Table A-1 are part of Java’s wrapper classes, which you will learn more about in Chapter 9.


  

Here is an example of how you would use the Integer.parseInt method to convert the value returned from the JOptionPane.showInputDialog method to an int:


    int number; 
String str; 
str = JOptionPane.showInputDialog("Enter a number."); 
number = Integer.parseInt(str);




After this code executes, the number variable will hold the value entered by the user, converted to an int. Here is an example of how you would use the Double.parseDouble method to convert the user’s input to a double:


    double price; 
String str; 
str = JOptionPane.showInputDialog("Enter the retail price."); 
price = Double.parseDouble(str);




After this code executes, the price variable will hold the value entered by the user, converted to a double. Code Listing A-2 shows a complete program. When this program executes, the dialog boxes shown in Figure A-5 will be displayed, one at a time.


 

Code Listing A-2 (PayrollDialog.java)


    import javax.swing.JOptionPane;

/**
   This program demonstrates using dialogs with
   JOptionPane.
*/

public class PayrollDialog
{
   public static void main(String[] args)
   {
      String inputString;         // For reading input
      String name;                // The user's name
      int hours;                  // The number of hours worked
      double payRate;             // The user's hourly pay rate
      double grossPay;            // The user's gross pay

      // Get the user's name.
      name = JOptionPane.showInputDialog("What is " +
                                         "your name? ");

      // Get the hours worked.
      inputString =
         JOptionPane.showInputDialog("How many hours " + 
                                     "did you work this week? ");

      // Convert the input to an int.
      hours = Integer.parseInt(inputString);

      // Get the hourly pay rate.
      inputString =
         JOptionPane.showInputDialog("What is your " +
                                     "hourly pay rate? ");

      // Convert the input to a double.
      payRate = Double.parseDouble(inputString);

      // Calculate the gross pay.
      grossPay = hours * payRate;

      // Display the results.
      JOptionPane.showMessageDialog(null, "Hello " +
                      name + ". Your gross pay is $" +
                      grossPay);

      // End the program.
      System.exit(0);
   }
}




  

      Figure A-5

Dialog boxes displayed by PayrollDialog.java

[image: The figure illustrates four dialog boxes titled Input. The dialog boxes prompt the user for input and are displayed one at a time.]
 Dialog box 1: Dialog box 1 is labeled The first dialog box appears as shown here. The user enters his or her name and then clicks OK.
The dialog box displays a question mark icon followed by a label What is your name question mark. Below the label a text box with Joe Mahoney as text is displayed. Below the text box two buttons labeled OK and Cancel are displayed. When the user clicks Ok button, Dialog box 1 is closed and dialog box 2 is opened. 
Dialog box 2: Dialog box 2 is labeled The second dialog box appears as shown here. The user enters the number of hours worked and then clicks OK. The dialog box displays a question mark icon followed by a label How many hours did you work this week question mark. Below the label a text box with value 40 is displayed. Below the text box two buttons labeled OK and Cancel are displayed. When the user clicks Ok button, Dialog box 2 is closed and dialog box 3 is opened. 
Dialog box 3: Dialog box 3 is labeled The third dialog box appears as shown here. The user enters his or her hourly pay rate and then clicks OK. The dialog box displays a question mark icon followed by a label What is your hourly pay rate question mark. Below the label a text box with value 20 is displayed. Below the text box two buttons labeled OK and Cancel are displayed. When the user clicks Ok button, Dialog box 3 is closed and dialog box 4 is opened.
Dialog box 4: Dialog box 4 is labeled The fourth dialog box appears as shown here. The dialog box displays an exclamation mark icon followed by a label Hello Joe Mahoney. Your gross pay is dollar 800.0. Below the label a button labeled OK is displayed.
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           Case Study 6: The SerialNumber Class


In this case study you examine the SerialNumber class, which is used by the Home Software Company to validate software serial numbers. A valid software serial number is in the form LLLLL-DDDD-LLLL, where L indicates an alphabetic letter and D indicates a numeric digit. For example, WRXTQ-7786-PGVZ is a valid serial number. Notice that a serial number consists of three groups of characters, delimited by hyphens. Figure CS6-1 shows a UML diagram for the SerialNumber class.


      Figure CS6-1

UML diagram for the SerialNumber class

[image: The image contains class and objects comprising 1 block]
 The image contains class and objects comprising 1 block. The block is labeled “SerialNumber”. The following are labeled on this block.
Line 1: minus first colon String. 
Line 2: minus second colon String.
 Line 3: minus third colon String. Line 4: minus valid colon boolean. 
Line 4: plus SerialNumber open parathesis sn colon String close parathesis colon. 
Line 5: plus is Valid open parathesis close parathesis colon boolean. 
Line 6: minus validate open parathesis close parathesis colon void. 
Line 7: minus isFirstGroupValid colon boolean. 
Line 8: minus isSecondGroupValid colon boolean.
 Line 9: is ThirdGroupValid colon boolean.


From Starting Out with Java: From Control Structures through Objects, Eighth Edition. Tony Gaddis. Copyright © 2021 by Pearson Education, Inc. All rights reserved.


The fields first, second, and third are used to hold the first, second, and third groups of characters in a serial number. The valid field is set to true by the constructor to indicate a valid serial number, or false to indicate an invalid serial number. Table CS6-1 describes the class’s methods.


     Table CS6-1

SerialNumber class’s methods

		Method		Description

		Constructor		The constructor accepts a string argument that contains a serial number. The string is tokenized and its tokens are stored in the first, second, and third fields. The validate method is called.

		isValid		This method returns the value in the valid field.

		validate		This method calls the isFirstGroupValid, isSecondGroupValid, and isThirdGroupValid methods to validate the first, second, and third fields. 

		isFirstGroupValid		This method returns true if the value stored in the first field is valid. Otherwise, it returns false.

		isSecondGroupValid		This method returns true if the value stored in the second field is valid. Otherwise, it returns false.

		isThirdGroupValid		This method returns true if the value stored in the third field is valid. Otherwise, it returns false.






The code for the SerialNumber class is shown in Code Listing CS6-1.


 

Code Listing CS6-1 (SerialNumber.java)


    /**
   The SerialNumber class takes a software serial number in
   the form of LLLLL-DDDD-LLLL where each L is a letter
   and each D is a digit. The serial number has three groups
   of characters, separated by hyphens. The class extracts
   the three groups of characters and validates them.
*/
  
public class SerialNumber
{
   private String first;  // First group of characters
   private String second; // Second group of characters
   private String third;  // Third group of characters
   private boolean valid; // Flag indicating validity
  
   /**
      The constructor breaks a serial number into
      three groups and each group is validated.
      @param sn A serial number.
   */
  
   public SerialNumber(String sn)
   {
    // Trim the argument.
    sn = sn.trim();
  
    // Tokenize the argument.
    String tokens[] = sn.split(“-”);
  
    // Validate the tokens.
    if (tokens.length != 3)
        valid = false;
    else
    {
       first = tokens[0];
       second = tokens[1];
       third = tokens[2];
       validate();
    }
  
   }
  
   /**
      The isValid method returns a boolean value
      indicating whether the serial number is valid.
      @return true if the serial number is valid,
      otherwise false.
   */
  
   public boolean isValid()
   { 
      return valid;
   }
  
   /**
      The validate method sets the valid field to true
      if the serial number is valid. Otherwise it sets
      valid to false.
   */
  
   private void validate()
   {
       if (isFirstGroupValid() && isSecondGroupValid() &&
           isThirdGroupValid())
          valid = true;
       else
          valid = false;
   }
  
   /**
      The isFirstGroupValid method validates the first
      group of characters.
      @return true if the group is valid, otherwise false.
   */
  
   private boolean isFirstGroupValid()
   {
      boolean groupGood = true; // Flag
      int i = 0;         // Loop control variable
  
      // Check the length of the group.
      if (first.length() != 5)
      groupGood = false;
  
      // See if each character is a letter.
      while (groupGood && i < first.length())
      {
         if (!Character.isLetter(first.charAt(i)))
            groupGood = false;
         i++;
      }
  
      return groupGood;
   }
  
   /**
      The isSecondGroupValid method validates the second
      group of characters.
      @return true if the group is valid, otherwise false.
   */
  
  
   private boolean isSecondGroupValid()
   {
      boolean groupGood = true; // Flag
      int i = 0;                // Loop control variable
  
      // Check the length of the group.
      if (second.length() != 4)
         groupGood = false;
  
      // See if each character is a digit.
      while (groupGood && i < second.length())
      {
         if (!Character.isDigit(second.charAt(i)))
            groupGood = false;
         i++;
      }
  
      return groupGood;
   }
  
   /**
      The isThirdGroupValid method validates the third
      group of characters.
      @return true if the group is valid, otherwise false.
   */
  
  
   private boolean isThirdGroupValid()
   {
      boolean groupGood = true; // Flag
      int i = 0;                // Loop control variable
  
      // Check the length of the group.
      if (third.length() != 4)
      groupGood = false;
  
      // See if each character is a letter.
      while (groupGood && i < third.length())
      {
         if (!Character.isLetter(third.charAt(i)))
            groupGood = false;
         i++;
      }
  
      return groupGood;
   }
}




  

Let’s take a closer look at the constructor.


Notice that in line 25 we call the argument’s trim method to remove any leading and/or trailing whitespace characters. This is important because whitespace characters are not used as delimiters in this code. If the argument contains leading whitespace characters, they will be included as part of the first token. Trailing whitespace characters will be included as part of the last token. Then, in line 27 we call the argument’s split method to tokenize the string, using the “-” character as a delimiter. The tokens are returned to an array named tokens.


Next, the if statement in lines 31 through 39 executes:


    if (tokens.length != 3) 
   valid = false; 
else 
{ 
   first = tokens[0]; 
   second = tokens[1]; 
   third = tokens[2]; 
   validate(); 
}




A valid serial number must have three groups of characters, so the if statement determines whether the tokens array has three elements. If not, the valid field is set to false. Otherwise, the three tokens are assigned to the first, second, and third fields. Last, the validate method is called. The validate method calls the isFirstGroupValid, isSecondGroupValid, and isThirdGroupValid methods to validate the three groups of characters. In the end, the valid field will be set to true if the serial number is valid, or false otherwise. The program in Code Listing CS6-2 demonstrates the class.


 

Code Listing CS6-2 (SerialNumberTester.java)


    /**
   This program demonstrates the SerialNumber class.
*/
  
public class SerialNumberTester
{
   public static void main(String[] args)
   {
      String serial1 = “GHTRJ-8975-AQWR”; // Valid
      String serial2 = “GHT7J-8975-AQWR”; // Invalid
      String serial3 = “GHTRJ-8J75-AQWR”; // Invalid
      String serial4 = “GHTRJ-8975-AQ2R”; // Invalid
  
      // Validate serial1.
  
      SerialNumber sn = new SerialNumber(serial1);
      if (sn.isValid())
         System.out.println(serial1 + “ is valid.”);
      else
         System.out.println(serial1 + “ is invalid.”);
  
      // Validate serial2.
  
      sn = new SerialNumber(serial2);
      if (sn.isValid())
         System.out.println(serial2 + “ is valid.”);
      else
         System.out.println(serial2 + “ is invalid.”);
  
      // Validate serial3.
  
      sn = new SerialNumber(serial3);
      if (sn.isValid())
         System.out.println(serial3 + “ is valid.”);
      else
         System.out.println(serial3 + “ is invalid.”);
  
      // Validate serial4.
  
     sn = new SerialNumber(serial4);
     if (sn.isValid())
        System.out.println(serial4 + “ is valid.”);
     else
        System.out.println(serial4 + “ is invalid.”);
   }
}




Program Output


    GHTRJ-8975-AQWR is valid.
GHT7J-8975-AQWR is invalid.
GHTRJ-8J75-AQWR is invalid.
GHTRJ-8975-AQ2R is invalid.
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           Using the Java API Documentation


To view the official Java API documentation, go to the following site:


    http://docs.oracle.com/javase




Figure E-3 shows how the page appears at the time this was written. The page provides links to several useful sites, including the official API documentation. As a student learning Java, or as a professional Java programmer, you will find yourself referring to the API documentation frequently.


      Figure E-3

The Java SE documentation site

[image: The figure illustrates a window for JDK 14 Documentation.]
 The windows start with a menu bar. The left side of the menu bar contains an oval shape button, a left alignment button, and a text Help Centre. The menu bar contains a search box and a sign in button on the right side of the menu bar. Then the window contains two divisions. The first division is on the left side, and it contains 5 lists of options. The options are Home, "A"P I, Documentation, Books, Related Resources.
Division 2 starts with the text that reads Home forward slash Java forward slash Java S E forward slash 14. Next is a level 1 heading that reads J D K 14 Documentation, and it follows a subheading that reads as, Home. The subheading contains two lines. Line 1: Java Components page. Line 2: looking for a different release question mark Other releases.
Next is two boxes placed side by side. The first box contains an icon. The icon shows a start button symbol with a cursor point. A heading, an overview, follow the icon, and 6 lines. Line 1: Release Notes. Line 2: What's New. Line 3: Migration Guide. Line 4: Download the J D K. Line 5: install Guide. Line 6: Version String.
The second box contains a tool icon. A heading, Tools, follow the icon, and it contains four lines. Line 1: J D K Tool Specifications. Line 2: J Shell User's Guide Line 3; Javadoc Guide. Line 4: Packaging Tool User Guide.


When you click the link for the API documentation, you will see a page similar to the one shown in Figure E-4. To see the documentation for a particular class or interface, enter the name of the class or interface in the search bar that appears at the top of the screen. Then, select the class or interface from the search results.


      Figure E-4

Java SE API documentation

[image: The figure illustrates a window.]
 The window starts with a menu bar: OVERVIEW, MODULE, PACKAGE, CLASS USE, TREE, DEPRECATED, INTEX, HELP, and a text Java S E 14 and JDK 14. Next is a line on the right side. The line contains a text, search colon, and a textbox with values search. Next is a level one heading reads as Java platform comma standard edition and Java development kit version 14 A P I specification. It contains 7 lines. Line 1: This document is divided into two sections colon. Line 2: java S E. Line 3: The Java platform comma standard edition open bracket Java S E close bracket "A" P I define the core Java platform for general hyphen purpose computing. Line 4: These A P I are in modulus whose names start with Java. Line 5: J D K. Line 6: the Java development kit open parenthesis J D K close parenthesis API are specific to the J D K and will not necessarily be available in all. Line 7: implementations of the Java S E platform dot These "A" P I are in modules whose name start with J D K. 
The next line contains 4 menus are all modules, java S E, J D K, other modules. All models is highlighted. 9 lines follow it. Line 1: module space space description. Line 2: java dot base space space defines the foundational "A"P I of the Java S E platform. Line 3: java dot compiler space space defines the language model comma annotation processing comma ant Java compiler "A"P Is. Line 4 Java dot data transfer space space defines the API for transferring data between and within applications. Line 5: Java dot desktop space space defines the "A"W T and Swing user interface toolkits comma plus API for accessibility comma audio comma imaging comma printing comma and JavaBeans. Line 6: Java dot instrument space space.
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           Windows


When you download OpenJDK for Windows, you will get a zip file with a name like this:


    openjdk-14.0.2_windows-x64_bin.zip




In this example, the name indicates that the file contains OpenJDK version 14.0.2. The actual name of the file that you download will probably be different because the version numbers will likely change.


Installing the Files


  		Create a folder named Java in the root folder of drive C:. The folder’s path will be C:\Java. This will be the location where you will install the OpenJDK files.

		Open the Downloads folder (or the location where you downloaded the OpenJDK zip file.). Right-click on the zip file and select Extract All.... In the window that appears next, keep the default destination, and make sure that the Show extracted files when complete box is checked.

		The zip file’s contents will now be extracted to a folder with a name such as openjdk-14.0.2_windows-x64_bin. Inside this folder you will see another folder with a name such as jdk-14.0.2. Move this folder to the C:\Java folder that you created earlier.

		You have now installed the OpenJDK files to the folder C:\Java\jdk-14.0.2 (or similar). Take note of this path, as you will need it in the next steps.




Setting the Environment Variables


  		1. In the Windows search box, type environment variables then select Edit the system environment variables from the search results. This will display the System Properties window (with the Advanced tab selected at the top of the window).

		2. Click the Environment Variables... button.

		3. You should now see the Environment Variables window. Look in the System Variables list to see if the JAVA_HOME variable exists. If the JAVA_HOME variable already exists, perform the following:		• Select the JAVA_HOME variable and click the Edit... button. Delete the existing contents of the variable value box, and enter the path of the OpenJDK folder that you took note of in Step 4 of the file installation procedure. This will be something similar to C:\Java\jdk-14.0.2.

		• Click the OK button.





		If the JAVA_HOME variable does not exist, perform the following:		• Click the New... button that appears below the list of system variables.

		• In the Variable name box, type JAVA_HOME.

		• In the Variable value box, enter the path of the OpenJDK folder that you took note of in Step 4 of the file installation procedure. This will be something similar to C:\Java\jdk-14.0.2.

		• Click the OK button.





		4. You should be looking at the Environment Variables window. Under System Variables, find Path, click on it, then click the Edit button.

		5. Click New and then add the following:




    %JAVA_HOME%\bin




  		6. Press Enter, and then click the OK buttons until all the dialog boxes are closed and exit the control panel.




Testing Your Installation


  		Open a Command Prompt window. (In the Windows search box, type the word Command. You should see the Command Prompt app in the search results.)

		At the command prompt, type the javac -version command to test the Java compiler. Example:




    javac -version




  		Your Java installation is working if you see a message similar to this (the version number that you see will probably be different):




    javac 14.0.2




  		If you see the following message, however, something went wrong in the installation process:




    'javac' is not recognized as an internal or external command,
operable program or batch file.




  		If you see this message, carefully repeat the processes for installing the OpenJDK files and setting the JAVA_HOME environment variable.





  



OEBPS/xhtml/urn_pearson_manifest_d76f3643-14d7-47bd-b312-e6f83249d394.xhtml
           Compiling and Running JavaFX Applications


If you are using Java 11 or later, you will have to provide special command-line arguments to the javac and java commands to compile and execute your JavaFX applications. These command-line arguments tell the compiler and the JVM where JavaFX is located on your system. Assuming you have set up JavaFX according to the instructions in this Appendix, here are examples of how you compile a JavaFX application named MyFirstFX.java:


Windows:


    javac --module-path %PATH_TO_FX% --add-modules javafx.controls MyFirstFX.java




macOS or Linux:


    javac --module-path $PATH_TO_FX --add-modules javafx.controls MyFirstFX.java




Then, to run the application, you will enter the following java command:


Windows:


    java --module-path %PATH_TO_FX% --add-modules javafx.controls MyFirstFX




macOS or Linux:


    java --module-path /users/kelly/Java/javafx --add-modules javafx.controls
MyFirstFX
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           Appendix A: JOptionPane Dialogs


 

NOTE: This appendix discusses the JOptionPane class, which is part of the Swing library. In recent years, JavaFX has replaced Swing as the standard GUI library for Java. Swing will remain part of the Java API for the foreseeable future, however, so we are providing this chapter for you to use as you make the transition from Swing to JavaFX. To learn about JavaFX, see Chapters 12, 13, and 14.


  

A dialog box is a small graphical window that displays a message to the user or requests input. You can quickly display dialog boxes with the JOptionPane class. In this section we will discuss the following types of dialog boxes and how you can display them using JOptionPane:


    				Message Dialog



		A dialog box that displays a message; an OK button is also displayed

				Input Dialog



		A dialog box that prompts the user for input and provides a text field where input is typed; an OK button and a Cancel button are also displayed






Figure A-1 shows an example of each type of dialog box.


      Figure A-1

A message dialog and an input dialog

[image: The figure illustrates two windows. Window 1 is labeled Message dialog and it displays information to the user. Window 2 is labeled Input dialog and it prompts user for input.]
 The window 1 is titled Message. It displays an information icon followed by a label This is a message dialog side by side. It displays a button labeled OK below the label and it is center aligned. The button is highlighted. The window 2 is titled Input. It displays a question mark icon followed by a label This is an input dialog. It displays a blank text field for the user input below the label. It displays two buttons adjacent to each other labeled OK and Cancel below the text field.


The JOptionPane class is not automatically available to your Java programs. Any program that uses the JOptionPane class must have the following statement near the beginning of the file:


    import javax.swing.JOptionPane;




This statement tells the compiler where to find the JOptionPane class and makes it available to your program.


Displaying Message Dialogs


The showMessageDialog method is used to display a message dialog. Here is a statement that calls the method:


    JOptionPane.showMessageDialog(null, "Hello World");




The first argument is only important in programs that display other graphical windows. In our examples, we will always pass the key word null as the first argument. This causes the dialog box to be displayed in the center of the screen. The second argument is the message that we wish to display in the dialog box. This code will cause the dialog box in Figure A-2 to appear. When the user clicks the OK button, the dialog box will close.


      Figure A-2

Input dialog

[image: The figure illustrates prompting the user for inputs. The figure shows a window titled Input.]
 The window displays a question mark icon and an element labeled Enter your name besides the icon. Below the element label, an empty text box is displayed. Two buttons labeled Ok and Cancel is below the textbox. The Ok button is highlighted.


Displaying Input Dialogs


An input dialog is a quick and simple way to ask the user to enter data. You use the JOptionPane class’s showInputDialog method to display an input dialog. The following code calls the method:


    String name; 
name = JOptionPane.showInputDialog("Enter your name.");




The argument passed to the method is a message to display in the dialog box. This statement will cause the dialog box shown in Figure A-3 to be displayed in the center of the screen. If the user clicks the OK button, name will reference the string value entered by the user into the text field. If the user clicks the Cancel button, name will reference the special value null.


      Figure A-3

Message dialog

[image: The figure illustrates a window titled Message. The window displays an information to the user.]
 The window displays an information icon followed by a label Hello World. It displays a button labeled OK below the label and it is center aligned. The OK button is highlighted.


An Example Program


The program in Code Listing A-1 demonstrates how to use both types of dialog boxes. This program uses input dialogs to ask the user to enter his or her first, middle, and last names, and then displays a greeting with a message dialog. When this program executes, the dialog boxes shown in Figure A-4 will be displayed, one at a time.


 

Code Listing A-1 (NamesDialog.java)


    import javax.swing.JOptionPane;

/**
   This program demonstrates using dialogs
   with JOptionPane.
*/

public class NamesDialog
{
   public static void main(String[] args)
   {
      String firstName, lastName;

      // Get the user's first name.
      firstName =
         JOptionPane.showInputDialog("What is your first name?");

      // Get the user's last name.
      lastName =
         JOptionPane.showInputDialog("What is your last name?");

      // Display a greeting
      JOptionPane.showMessageDialog(null, "Hello " + firstName +
                                    " " + lastName);
      System.exit(0);
   }
}




  

      Figure A-4

Dialog boxes displayed by the NamesDialog program

[image: The figure illustrates 3 windows. Windows 1 and 2 are titled Input and they prompt user for input. Window 3 is titled message and it displays a message based on inputs from window 1 and window 2.]
 Window 1 is labeled The first dialog box appears, as shown here. The user types Joe and clicks OK. The window displays a question mark icon followed by a label what is your name question mark. Below the label a text box is displayed. The text box displays Joe as text. Below the text box two buttons labeled OK and Cancel are displayed. When the user clicks OK, Window 1 is closed and window 2 is opened. Window 2 is labeled The second dialog box appears, as shown here. The user types Clondike and clicks OK. The window displays a question mark icon followed by a label What is your last name question mark. Below the label a text box is displayed. The text box displays Clondike as text. Below the text box two buttons labeled OK and Cancel are displayed. When the user clicks OK, Window 2 is closed and window 3 is opened.
Window 3: Window 3 is labeled The third dialog box appears, as shown here, displaying a greeting. The window displays an information mark icon followed by a label Hello Joe Clondike. Below the label a button labeled OK is displayed and it is highlighted.


Notice the last statement in the main method:


    System.exit(0); 




This statement causes the program to end, and is necessary when you use the JOptionPane class in a console program. When a console program uses JOptionPane to display a dialog box, the program does not automatically stop executing when the end of the main method is reached. This is because the JOptionPane class causes an additional task to run in the JVM. If the System.exit method is not called, this task, also known as a thread, will continue to execute, even after the end of the main method has been reached.


 

WARNING! Use System.exit only when absolutely necessary. In a large program, System.exit can cause problems because it unconditionally shuts down the JVM, bypassing theprogram’s normal, logical flow. In this book we use System.exit only because it is necessaryto end a console program that uses JOptionPane.


  

The System.exit method requires an integer argument. This argument is an exit code that is passed back to the operating system. Although this code is usually ignored, it can be used outside the program to indicate whether the program ended successfully or as the result of a failure. The value 0 traditionally indicates that the program ended successfully.
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           Appendix J: Working with Records and Random Access Files


Structuring Data into Fields and Fixed-Length Records


Data that is written to a file is commonly structured as fields and records. In file terminology, a field is an individual piece of data, such as a person’s name or telephone number. A record is a collection of fields pertaining to a single item. For example, a record might consist of a specific person’s name, age, address, and telephone number.


Quite often you can save the contents of an object as a record in a file. You do this by writing each of the object’s fields to the file, one after the other. When you have saved all of the object’s fields, a complete record has been written. When the fields from multiple objects have been saved, then multiple records have been written to the file.


Random access files are particularly useful for storing and retrieving records. However, the sizes of the items stored in a random access file must be known in order to calculate the position of a specific item. Records that are stored in a random access file must be the same size and must have a fixed length. This means that the size of a record cannot change.


In Java, the sizes of the primitive data types are well documented and guaranteed to be the same on all systems. If an object’s fields are all of the primitive data types, you can easily calculate the size of the record: it will be the sum of the sizes of all the fields. However, a problem arises if an object has a field that is a String because its contents can vary in length. You can get around this problem by making sure that a String field is always written as a specific number of characters. The example in this appendix shows one way to do this.


First we will introduce the InventoryItem class shown in Code Listing J-1. An object of this class can represent an item that a company might have in its inventory. This class has two fields: description, a String that holds an item’s description, and units, an int that holds the number of units on hand. The class also has the necessary accessor methods, mutator methods, and two constructors.


From Starting Out with Java: From Control Structures through Objects, Sixth Edition. Tony Gaddis. Copyright © 2021 by Pearson Education, Inc. All rights reserved.


 

Code Listing J-1 (InventoryItem.java)


    /**
  InventoryItem class
*/

public class InventoryItem
{
   private String description; // Item description
   private int units;          // Units on hand

   /**
     This constructor assigns an empty string
     to description and 0 to units.
   */

   public InventoryItem()
   {
      description = "";
      units = 0;
   } 

   /**
     This constructor assigns values
     to the description and units fields.
     @param d The description.
     @param u The units on hand.
   */

   public InventoryItem(String d, int u)
   {
      description = d;
      units = u;
   } 

   /**
     The setDescription method assigns a string
     to the description field.
     @param d The string to assign to description.
   */

   public void setDescription(String d)
   {
      description = d;
   }

   /**
     The setUnits method assigns a value
     to the units field.
     @param u The value to assign to units.
   */

   public void setUnits(int u)
   {
      units = u;
   }

   /**
     The getDescription method returns the item's
     description.
     @return The description field.
   */

   public String getDescription()
   {
      return description;
   }

   /**
     The getUnits method returns the number of
     units on hand.
     @return The units field.
   */

   public int getUnits()
   {
      return units;
   }
}




  

The InventoryItemFile class shown in Code Listing J-2 is designed to read and write InventoryItem objects as records in a random access file. The class can also move the file pointer to a specific record. To keep the code simple, none of the exceptions are caught.


 

Code Listing J-2 (InventoryItemFile.java)


    import java.io.*;

/**
   This class manages a random access file which contains
   InventoryItem records.
*/

public class InventoryItemFile
{
   private final int RECORD_SIZE = 44;
   private RandomAccessFile inventoryFile;

   /**
      The constructor opens a random access file
      for both reading and writing.
      @param filename The name of the file.
      @exception FileNotFoundException When the file
                 is not found.
*/

   public InventoryItemFile(String filename)
                        throws FileNotFoundException
   {
      // Open the file for reading and writing.'
      inventoryFile =
           new RandomAccessFile(filename, "rw");
   }

   /**
      The writeInventoryItem method writes the contents
      of an InventoryItem object to the file at the
      current file pointer position.
      @param item The InventoryItem object to write.
      @exception IOException When a file error occurs.
   */
  
   public void writeInventoryItem(InventoryItem item)
                                  throws IOException
   {
      // Get the item's description.
      String str = item.getDescription();

      // Write the description.
      if (str.length() > 20)
      {
         // If there are more than 20 characters in the'
         // string, then write only the first 20.
         for (int i = 0; i < 20; i++)
            inventoryFile.writeChar(str.charAt(i));
      }
      else
      {
         // Write the description to the file.
         inventoryFile.writeChars(str);
         // Write enough spaces to pad it out
         // to 20 characters.
         for (int i = 0; i < (20 - str.length()); i++)
            inventoryFile.writeChar(' ');
      }

      // Write the units to the file.
      inventoryFile.writeInt(item.getUnits());
   }   

   /**
      The readInventoryItem method reads and returns
      the record at the current file pointer position.
      @return A reference to an InventoryItem object.
      @exception IOException When a file error occurs.
   */

   public InventoryItem readInventoryItem()
                               throws IOException
   {
      char[] charArray = new char[20];

      // Read the description, character by character,
      // from the file into the char array.
      for (int i = 0; i < 20; i++)
         charArray[i] = inventoryFile.readChar();

      // Store the char array in a String.
      String desc = new String(charArray);

      // Trim any trailing spaces from the string.
      desc.trim();

      // Read the units from the file.
      int u = inventoryFile.readInt();

      // Create an InventoryItem object and initialize
      // it with these values.
      InventoryItem item =
              new InventoryItem(desc, u);

      // Return the object.
      return item;
   }

   /**
      The getByteNum method returns a record's
      starting byte number.
      @param recordNum The record number of the
                       desired record.
   */

   private long getByteNum(long recordNum)
   {
      return RECORD_SIZE * recordNum;
   }

   /**
      The moveFilePointer method moves the file
      pointer to a specified record.
      @param recordNum The number of the record to
                       move to.
      @exception IOException When a file error occurs.
   */

   public void moveFilePointer(long recordNum)
                            throws IOException
   {
      inventoryFile.seek(getByteNum(recordNum));
   }

   /**
      The getNumberOfRecords method returns the number
      of records stored in the file.
      @return The number of records in the file.
      @exception IOException When a file error occurs.
   */

   public long getNumberOfRecords() throws IOException
   {
      return inventoryFile.length() / RECORD_SIZE;
   }

   /**
      The close method closes the file.
      @exception IOException When a file error occurs.
   */

   public void close() throws IOException
   {
      inventoryFile.close();
   }
}




  

The RECORD_SIZE field, declared in line 10, is a final int variable initialized with the value 44. This is the size, in bytes, of a record. In a moment you will see how this number was determined. The inventoryFile field, declared in line 11, is a RandomAccessFile reference variable that will be used to open and work with a random access file. The constructor accepts a filename as a String. This filename is used to open a random access file, referenced by the inventoryFile variable, for reading and writing.


By looking at the writeInventoryItem method, in lines 37 through 63, we can see how the record size of 44 bytes was determined. The method accepts an InventoryItem object as an argument, the contents of which will be written as a record to the file. In line 41 the description field is retrieved and referenced by str, a local variable. Next, in lines 44 through 59, we write the description field to the file. To ensure that each record has the same fixed length, this method always writes the description as 20 characters. If the description has more than 20 characters, then only the first 20 are written. If the description has fewer than 20 characters, spaces are added to make up the difference. Next, in line 62, the method writes the units field, as an int, to the file.


Now we can see how the record size of 44 bytes was determined. When a character is written to the file, it is written as two bytes. The description field is written as 20 characters, so that’s 40 bytes. The units field is written as an int, which uses 4 bytes. That makes a total record size of 44 bytes.


The readInventoryItem method in lines 72 through 98 reads a record from the file and returns an InventoryItem object containing the record’s data. In line 75 the reference variable charArray is declared and a 20-element char array is created to hold the description. Then the code in lines 79 and 80 reads the 20 characters from the file and stores them in the array. Next, in line 83, a String object is created and the char array is passed as an argument. This copies the characters from the array to the String object.


If the description was less than 20 characters long, it will be padded with trailing spaces. The statement in line 86 trims any trailing spaces that might be in the string. Then the statement in line 89 reads the units field from the file and stores it in the u variable.


Now we can construct an InventoryItem object with the data we have read. This is done in lines 93 and 94. The last step, in line 97, is to return the object.


The class also has the ability to move the file pointer to a specific record. Two methods work together to perform this. First, getByteNum (in lines 107 through 110) is a private method that accepts a record number as an argument, and returns the record’s starting byte number. It calculates the starting byte number by multiplying the record size by the record number. (The first record in the file is considered record 0.) The moveFilePointer method (in lines 120 through 124) accepts a record number as its argument, and moves the file pointer to the specified record. This method calls the getByteNum method to determine the record’s starting location.


The getNumberOfRecords method appears in lines 133 through 136. This method returns the number of records in the file. It calculates the number of records by dividing the length of the file by the record size. The length of the file is returned by the RandomAccessFile class’s length method.


The last method in the class is the close method, which closes the file. The program in Code Listing J-3 shows a simple demonstration of this class. This program asks the user to enter data for five items, which are stored in an array of InventoryItem objects. The program then saves the contents of the array elements to a file.


 

Code Listing J-3 (CreateInventoryFile.java)


    import java.io.*;
import java.util.Scanner;

/**
   This program uses the InventoryFile class to create a
   file containing data from 5 InventoryItem objects.
*/

public class CreateInventoryFile
{
   public static void main(String[] args) throws IOException
   {
      final int NUM_ITEMS = 5; // Number of items
      String description;      // Item description
      int units;               // Units on hand

      // Create a Scanner object for keyboard input.
      Scanner keyboard = new Scanner(System.in);

      // Create an array to hold InventoryItem objects.
      InventoryItem[] items = new InventoryItem[NUM_ITEMS];

      // Get data for the InventoryItem objects.
      System.out.println("Enter data for " + NUM_ITEMS +
                         " inventory items.");

      for (int i = 0; i < items.length; i++)
      {
         // Get the description.
         System.out.print("Enter an item description: ");
         description = keyboard.nextLine();

         // Get the units on hand.
         System.out.print("Enter the number of units: ");
         units = keyboard.nextInt();

         // Consume the remaining newline.
         keyboard.nextLine();

         // Create an InventoryItem object in the array.
         items[i] = new InventoryItem(description, units);
       }

         // Create an InventoryFile object.
         InventoryItemFile file =
                       new InventoryItemFile("Inventory.dat");

         // Write the contents of the array to the file.
         for (int i = 0; i < items.length; i++)
         {
            file.writeInventoryItem(items[i]);
         }

         // Close the file.
         file.close();

         System.out.println("The data was written to the " +
                            "Inventory.dat file.");
   }
}




Program Output with Example Input Shown in Bold


    Enter data for 5 inventory items.
Enter an item description: Wrench [Enter]
Enter the number of units: 20 [Enter]
Enter an item description: Hammer [Enter]
Enter the number of units: 15 [Enter]
Enter an item description: Pliers [Enter]
Enter the number of units: 12 [Enter]
Enter an item description: Screwdriver [Enter]
Enter the number of units: 25 [Enter]
Enter an item description: Ratchet [Enter]
Enter the number of units: 10 [Enter]
The data was written to the Inventory.dat file.




  

The program in Code Listing J-4 demonstrates how records can be randomly read from the file.


 

Code Listing J-4 (ReadInventoryFile.java)


    import java.io.*;
import java.util.Scanner;

/**
  This program displays specified records from
  the Inventory.dat file.
*/

public class ReadInventoryFile
{
   public static void main(String[] args) throws IOException
   {
      int recordNumber;   // Record number
      String again;       // To get a Y or an N
      InventoryItem item; // An object from the file

      // Create a Scanner object for keyboard input.
      Scanner keyboard = new Scanner(System.in);

      // Open the file.
      InventoryItemFile file =
               new InventoryItemFile("Inventory.dat");

      // Report the number of records in the file.
      System.out.println("The Inventory.dat file has " +
               file.getNumberOfRecords() + " records.");

      // Get a record number from the user and
      // display the record.
      do
      {
         // Get the record number.
         System.out.print("Enter the number of the record " +
                          "you wish to see: ");
         recordNumber = keyboard.nextInt();

         // Consume the remaining newline.
         keyboard.nextLine();

         // Move the file pointer to that record.
         file.moveFilePointer(recordNumber);

         // Read the record at that location.
         item = file.readInventoryItem();

         // Display the record.
         System.out.println("\nDescription: " +
                            item.getDescription());
         System.out.println("Units: " + item.getUnits());

         // Ask the user whether to get another record.
         System.out.print("\nDo you want to see another " +
                          "record? (Y/N): ");
         again = keyboard.nextLine();
         } while (again.charAt(0) == 'Y' || again.charAt(0) == 'Y');

         // Close the file.
         file.close();
   }
}




Program Output with Example Input Shown in Bold


    The Inventory.dat file has 5 records.
Enter the number of the record you wish to see: 4 [Enter]
Description: Ratchet
Units: 10
Do you want to see another record? (Y/N): y [Enter]
Enter the number of the record you wish to see: 2 [Enter]
Description: Pliers
Units: 12
Do you want to see another record? (Y/N): y [Enter]
Enter the number of the record you wish to see: 0 [Enter]
Description: Wrench
Units: 20
Do you want to see another record? (Y/N): y [Enter]
Enter the number of the record you wish to see: 1 [Enter]
Description: Hammer
Units: 15
Do you want to see another record? (Y/N): y [Enter]
Enter the number of the record you wish to see: 3 [Enter]
Description: Screwdriver
Units: 25
Do you want to see another record? (Y/N): n [Enter]




  

As a last demonstration, the program in Code Listing J-5 shows how an existing record in the file can be overwritten with a new record.


 

Code Listing J-5 (ModifyRecord.java)


    import java.io.*;
import java.util.Scanner;

/*
  This program allows the user to modify records in the
  Inventory.dat file.
*/

public class ModifyRecord
{
   public static void main(String[] args) throws IOException
   {
      int recordNumber;   // Record number
      int units;          // Units on hand
      String again;       // Want to change another one?
      String sure;        // Is the user sure?
      String description; // Item description
      InventoryItem item; // To reference an item

      // Create a Scanner object for keyboard input.
      Scanner keyboard = new Scanner(System.in);

      // Open the file.
      InventoryItemFile file =
              new InventoryItemFile("Inventory.dat");

      // Report the number of records in the file.
      System.out.println("The Inventory.dat file has " +
                         file.getNumberOfRecords() + " records.");

      // Get a record number from the user and
      // allow the user to modify it.
      do
      {
         // Get the record number.
         System.out.print("Enter the number of the record " +
                          "you wish to modify: ");
         recordNumber = keyboard.nextInt();

         // Consume the remaining newline.
         keyboard.nextLine();

         // Move the file pointer to that record number.
         file.moveFilePointer(recordNumber);

         // Read the record at that location.
         item = file.readInventoryItem();

         // Display the existing contents.
         System.out.println("Existing data:");
         System.out.println("\nDescription: " +
                            item.getDescription());
         System.out.println("Units: " + item.getUnits());

         // Get the new data.
         System.out.print("\nEnter the new description: ");
         description = keyboard.nextLine();
         System.out.print("Enter the number of units: ");
         units = keyboard.nextInt();
         keyboard.nextLine(); // Consume the remaining newline.

         // Store the new data in the object.
         item.setDescription(description);
         item.setUnits(units);

         // Make sure the user wants to save this data.
         System.out.print("Are you sure you want to save " +
                          "this data? (Y/N) ");
         sure = keyboard.nextLine();
         if (sure.charAt(0) == 'Y' || sure.charAt(0) == 'y')
         {
            // Move back to the record's starting position.
            file.moveFilePointer(recordNumber);
            // Save the new data.
            file.writeInventoryItem(item);
         } 

         // Ask the user whether to change another record.
         System.out.print("\nDo you want to modify another " +
                          "record? (Y/N): ");
         again = keyboard.nextLine();
      } while (again.charAt(0) == 'Y' || again.charAt(0) == 'y');

      // Close the file.
      file.close();
   }
}




Program Output with Example Input Shown in Bold


    The Inventory.dat file has 5 records.
Enter the number of the record you wish to modify: 3 [Enter]
Existing data:
Description: Screwdriver
Units: 25
Enter the new description: Duct Tape [Enter]
Enter the number of units: 30 [Enter]
Are you sure you want to save this data? (Y/N) y [Enter]
Do you want to modify another record? (Y/N): n [Enter]




  

In the example running of the program, record 3 was modified. We can run the ReadInventoryFile program in Code Listing J-4 again to verify that the record was changed. Here is the output of that program if we run it again.


 

Program Output with Example Input Shown in Bold (ReadInventoryFile.java)


    The Inventory.dat file has 5 records.
Enter the number of the record you wish to see: 3 [Enter]
Description: Duct Tape
Units: 30
Do you want to see another record? (Y/N): n [Enter]
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           Using Package Subdirectories


You have learned that the Java compiler locates packages by searching the directories listed by the CLASSPATH environment variable. It is possible to create subdirectories in these locations and store packages there as well. For example, suppose we create a set of classes for calculating the pay of employees. The first step would be to create a folder to hold the packages. Figure I-2 shows the employees directory has been added to the mypackages directory.


      Figure I-2

employees directory added to the mypackages directory

[image: The figure illustrates the employee's directory added to my packages directory. The figure shows a tree with 4 levels.]
 The first box labeled C colon back slash at level 0 branches down to my packages at level 1. Level 1 branches down to vehicles and employees at level 2. Level 2 employees branches down to hourly and salaried at level 3.


Under the employees directory are two other directories: hourly and salaried. Figure I-3 shows the contents of the hourly directory.


      Figure I-3

Directory structure showing the contents of the hourly directory

[image: The figure illustrates the directory structure showing the contents of the hourly directory. The figure shows a tree with 5 levels.]
 The first box labeled C colon back slash at level 0 branches down to my packages at level 1. Level 1 branches down to vehicles and employees at level 2. Level 2 employees branches down to hourly and salaried at level 3. Hourly at level 3 branches down to Clerical dot java and Assembly Line dot java at level 4.


The files Clerical.java and AssemblyLine.java contain code for classes that calculate the hourly pay for clerical staff and assembly line workers. If we looked at the Clerical.java file, we would see something similar to the following:


    package employees.hourly; 
 
/** 
 This class is part of the employees.hourly package. 
*/ 
public class Clerical 
{ 
 // Details of this class are omitted. 
}




If we looked in the AssemblyLine.java file, we would see something similar to the following:


    package employees.hourly; 
 
/** 
 This class is part of the employees.hourly package. 
*/ 
public class AssemblyLine 
{ 
 // Details of this class are omitted. 
}




Notice the first line of both files is the following package statement:


    package employees.hourly;




The files are stored in the hourly directory. Because hourly is a subdirectory of employees, the two names are separated by a period. This makes the package name employees.hourly. The following import statement could then be added to any program that needs to use the Clerical or AssemblyLine classes:


    import employees.hourly.*;




This statement makes all of the classes that are part of the employees.hourly package accessible. As before, individual classes can be specifically named in the import statement. For example, the following statement will make only the Clerical class accessible:


    import employees.hourly.Clerical;
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           The equals Method


Now let’s take a closer look at the equals method, which also performs a same class operation: It compares the contents of two FeetInches objects and determines whether the two objects are equal. This method is useful because you cannot use the == operator to compare the contents of two objects. For example, the following code appears to compare two FeetInches objects, but in reality does not.


    FeetInches distance1 = new FeetInches(6, 5); 
FeetInches distance2 = new FeetInches(6, 5); 
if (distance1 == distance2)       // This is a mistake. 
   System.out.println(“The objects are the same.”); 
else 
   System.out.println(“The objects are not the same.”);




When you use the == operator with reference variables, the operator compares the memory addresses that the variables contain, not the contents of the objects referenced by the variables. This is illustrated in Figure CS5-2.


      Figure CS5-2

The if statement tests the contents of the reference variables, not the contents of the objects the variables reference

[image: The image contains class and objects (address) comprising 2 blocks.]
 The first address block is labeled The distance1 variable holds the address of a FeetInches Object. An arrow from this block points to the block labeled A feet Inches Object. Inside this block, the followings are labeled: Feet : 6; Inches : 5. The second address block is labeled The distance2 variable holds the address of a FeetInche object. An arrow from this block points to the second block labeled A FeetInches object. Inside this block, the followings are labeled: Feet : 6; Inches : 5. In between the two address blocks, the following text is labeled: The if statement compares these two addresses. Two arrows from this text points to the two address blocks.


Because the two variables reference different objects in memory, they will contain different addresses. Therefore, the result of the boolean expression distance1 == distance2 is false and the code reports that the objects are not the same. Instead of using the == operator to compare two FeetInches objects, we should use the equals method.


Here is the code for the method, which appears in lines 148 through 160:


    148 public boolean equals(FeetInches object2) 
149 { 
150    boolean status; 
151 
152    if (object2 == null) 
153       status = false; 
154    else if (feet == object2.feet && 
155             inches == object2.inches) 
156       status = true; 
157    else 
158       status = false; 
159    return status; 
160 } 




This method accepts a FeetInches object as its argument. The parameter variable object2 will reference the object that was passed as an argument. Lines 154 and 155 perform the following comparison: If the feet field of the calling object is equal to the feet field of object2, and the inches field of the calling object is equal to the inches field of object2, then the two objects contain the same distance. In this case, the local variable status (a boolean) is set to true. Otherwise, status is set to false. The method returns the value of the status variable in line 159. The program in Code Listing CS5-4 demonstrates the equals method.


 

Code Listing CS5-4 (DistanceCompare.java)


    /**
  This program uses the FeetInches class’s equals
  method to compare two distances.
*/
   
public class DistanceCompare
{
   public static void main(String[] args)
   {
      // Create a FeetInches object holding 5 feet, 9 inches.
      FeetInches distance1 = new FeetInches(5, 9);
   
      // Create a FeetInches object holding 5 feet, 9 inches.
      FeetInches distance2 = new FeetInches(5, 9);
   
      // Create a FeetInches object holding 7 feet, 4 inches.
      FeetInches distance3 = new FeetInches(7, 4);
   
      // Display the distances.
      System.out.println(“The first distance is ” + distance1);
      System.out.println(“The second distance is ” + distance2);
      System.out.println(“The third distance is ” + distance3);
    
      // Compare distance1 and distance2.
      if (distance1.equals(distance2))
         System.out.println(“distances 1 and 2 are the same.”);
      else
          System.out.println(“distances 1 and 2 are not the same.”);
   
      // Compare distance1 and distance3.
      if (distance1.equals(distance3))
         System.out.println(“distances 1 and 3 are the same.”);
      else
          System.out.println(“distances 1 and 3 are not the same.”);
   }
}




Program Output


    The first distance is 5 feet 9 inches
The second distance is 5 feet 9 inches
The third distance is 7 feet 4 inches
distances 1 and 2 are the same.
distances 1 and 3 are not the same.




  

If you want to be able to compare the objects of a given class, you should always write an equals method for the class.


 

NOTE: Every class automatically has an equals method, which works the same as the == operator. This method is called when necessary if you have not provided your own equals method.This is discussed further in Chapter 10.
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           macOS


When you download OpenJDK for macOS, you will get a compressed file with a name like this:


    openjdk-14.0.2_osx-x64_bin.tar.gz




In this example, the name indicates that the file contains OpenJDK version 14.0.2. The actual name of the file that you download will probably be different because the version numbers will likely change.


Installing the Files


Now that you have downloaded the OpenJDK compressed file, you will extract its contents to the proper location on your system. In the following examples, we show the name of the compressed file as openjdk-14.0.2_osx-x64_bin.tar.gz. Remember the name of the file that you downloaded might be slightly different.


  		1. Open the Terminal app.

		2. Change your current directory to the Downloads directory. Example:




    $ cd ~/Downloads




  		3. Move the OpenJDK compressed file that you downloaded to the /Library/Java/ JavaVirtualMachines directory. Example:




    $ sudo mv openjdk-14.0.2_osx-x64_bin.tar.gz /Library/Java/JavaVirtualMachines




  		(The sudo command will prompt you to enter your password.)

		4. Change your current directory to the /Library/Java/JavaVirtualMachines directory. Example:




    $ cd /Library/Java/JavaVirtualMachines




  		5. Extract the contents of the OpenJDK compressed file. Example:




    $ sudo tar -xzf openjdk-14.0.2_osx-x64_bin.tar.gz




  		6. Remove the compressed file. Example:




    $ sudo rm openjdk-14.0.2_osx-x64_bin.tar.gz




  		7. Display a directory listing to see the contents of the current directory. Example:




    $ ls




  		You should see a directory with a name similar to this:




    jdk-14.0.2.jdk




  		When you extracted the contents of the compressed file in step 5, you created this directory. It contains the OpenJDK files. The name of the directory corresponds to the version of Java that you installed. In this example, we have installed Java 14.0.2. On your system, the name of the directory might be different. Take note of the name of the directory on your system. You will need the name as you perform the next steps.




Setting the JAVA_HOME Environment Variable


The home directory path of your Java installation is in this general format:


    /Library/Java/JavaVirtualMachines/<jdk directory>/Contents/Home




In the general format, <jdk directory> is the name of the directory that you created in the file installation procedure. You took note of this directory’s name in step 7. For example, if you installed OpenJDK 14.0.2, the name of the directory would be jdk-14.0.2.jdk. In that case, the home directory path would be:


    /Library/Java/JavaVirtualMachines/jdk-14.0.2.jdk/Contents/Home




Make sure that you know the correct path on your system. Now you will configure your system to create an environment variable named JAVA_HOME that is set to the path of your Java home directory. If you are using Bash shell, you will do this by editing the contents of a file named .bash_profile in your user account’s home directory. If you are using Z shell, you will do this by editing the contents of a file named .zprofile in your user account’s home directory. To determine which shell you are using, perform the following steps:


  		Open the Terminal app.

		Enter the following command:




    $ echo $SHELL




  		If you see the following message, you are using Bash shell:




    /bin/bash




  		However, if you see the following message, you are using Z shell:




    /bin/zsh




  		Make a note of which shell you are using.




Bash Shell


If you are using Bash shell, perform the following steps in the Terminal app to set the JAVA_HOME environment variable:


  		1. Go to your user account’s home directory. Example:




    $ cd ~




  		2. If you already have a .bash_profile file, you should make a backup copy. Use the cp command to copy the .bash_profile file to .bash_profile_BACKUP. Example:




    $ cp .bash_profile .bash_profile_BACKUP




  		If the .bash_profile file does not exist, you will see a message like this:




    cp: .bash_profile: No such file or directory




  		If you see a message like this, use the touch command to create an empty .bash_profile file. Example:




    $ touch .bash_profile




  		3. Use the open command to open the .bash_profile file in the TextEdit app. Example:




    $ open -e .bash_profile




  		This will open the .bash_profile file in a TextEdit window. Add the following line to the file (be sure to substitute the correct path to the Java home directory for your system):




    export JAVA_HOME="/Library/Java/JavaVirtualMachines/jdk-14.0.2.jdk/Contents/Home"




Figure E-2 shows an example of the TextEdit app with the line added. (If the .bash_profile file already contains some text, add the line to the end of the file.)


      Figure E-2

TextEdit window

[image: The figure illustrates a dot bash underscore profile file opened in an editor in Linux. The file displays export command to set JAVA underscore home environment variable.]
 The file reads export JAVA underscore HOME equals opening double quote forward slash Library forward slash Java forward slash Java Virtual machines forward slash j d k hyphen 14 dot 0 dot 2 dot j d k forward slash Contents forward slash Home closing double quote.


  		4. Press Command+S to save the file.

		5. Use the source command to execute the .bash_profile file. Example:




    $ source .bash_profile




Z Shell


If you are using Z shell, perform the following steps in the Terminal app to set the JAVA_HOME environment variable:


  		1. Go to your user account’s home directory. Example:




    % cd ~




  		2. If you already have a .zprofile file, you should make a backup copy. Use the cp command to copy the .zprofile file to .zprofile_BACKUP. Example:




    % cp .zprofile .zprofile_BACKUP




  		If the .zprofile file does not exist, you will see a message like this:




    cp: .zprofile: No such file or directory




  		If you see a message like this, use the touch command to create an empty .zprofile file. Example:




    % touch .zprofile




  		3. Use the open command to open the .zprofile file in the TextEdit app. Example:




    % open -e .zprofile




  		This will open the .zprofile file in a TextEdit window. Add the following line to the file (be sure to substitute the correct path to the Java home directory for your system):




    export JAVA_HOME="/Library/Java/JavaVirtualMachines/jdk-14.0.2.jdk/Contents/Home"




  		Refer to Figure E-2 for an example of the TextEdit app with the line added. (If the .zprofile file already contains some text, add the line to the end of the file.)

		4. Press Command+S to save the file.

		5. Use the source command to execute the .zprofile file. Example:




    % source .zprofile




Testing Your Installation


In the Terminal app, type the javac -version command to test the Java compiler. Example:


    $ javac -version




If you see a message similar to this, your Java installation is working:


    javac 14.0.2




The version number that you see will probably be different. If you see the following message, something went wrong in the installation process:


    javac: command not found




If you see this message, carefully repeat the processes for installing the OpenJDK files and setting the JAVA_HOME environment variable.
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           Appendix K: Downloading and Installing Apache Derby


Apache Derby is a pure Java relational database engine. It works with Windows, macOS, and Linux, and is available as a free download from the Apache Software Foundation. To download Derby, follow these instructions:


  		Open your browser and go the following address:




    http://db.apache.org/derby/derby_downloads.html




  		The page that opens will look similar to Figure K-1. Look at the section titled For Java 9 and Higher and click on the most recent version number that is listed. (The most recent version number will most likely be different than the one shown in the figure.)




      Figure K-1

The Apache Derby Download page

[image: The figure illustrates the window of Apache.]
 The windows start with text, apache close angle bracket db close angle bracket derby on the top left corner of a window.

Next is the left corner of a window that has a text Apache derby with a hat symbol. The right side of a window has a feather symbol with 2 lines. Line 1 shows a text, the Apache DB project, and line 2 shows a text, h t t p semicolon forward slash forward slash d b dot a p a c h e dot o r g forward slash. Next is the menu bar with the following options; Home, Quick Start, Download, Community, Documentation, Resources. The download option is selected. Next is a line with a text, last published semicolon 07 forward slash 19 forward slash 2020 18 semicolon 41 semicolon 49, at the right side.

Next is a vertical box on the left side of the window. It contains 2 drop down lists, a textbox, and a button. List 1: Download. List 2: The Apache Software Foundation. Next is a vertical line followed by a text box with a value search the site with Google, and it follows a button labeled search.

Besides the vertical box, Some structured contents are displayed. It starts with a line on the right side of the window. The line contains a text, Font size colon, button labeled Reset, button labeled hyphen a, and button labeled plus a. Next is a level one heading reads as Apache Derby colon Downloads. And it follows a horizontal line and 7 hyperlinks. Hyperlink 1: For java 9 and Higher. Hyperlink 2: For java 8 and Higher. Hyperlink 3: For java 6 and Higher. Hyperlink 4: For java 1 dot 4 and Higher. Hyperlink 5: For java 1 dot 3 and Higher. Hyperlink 5: Deprecated Releases. Hyperlink 7: Change History. Next is a level 2 heading reads as For Java 9 and Higher, and it contains 2 hyperlinks. Hyperlink 1: 10 dot 15 dot 2 dot 0 open bracket February 18 comma 2020 forward slash S V N 1873585 close bracket. Hyperlink 2: 10 dot 15 dot 1 dot 3 open bracket March 15 comma 2019 forward slash S V N 1853019 close bracket.

Next is a level 3 heading reads as For Java 8 and Higher, and it contains 2 hyperlinks. Hyperlink 1: 10 dot 14 dot 2 dot 0 open bracket May 3 comma 2018 forward slash S V N 1828579 close bracket. Hyperlink 2: 10 dot 13 dot 1 dot 1 open bracket October 25 comma 2016 forward slash S V N 1766613 close bracket.

Next is a level 4 heading reads as For Java 6 and Higher, and it contains 2 hyperlinks. Hyperlink 1: 10 dot 12 dot 1 dot 1 open bracket October 11 comma 2015 forward slash S V N 1704137 close bracket. Hyperlink 2: 10 dot 11 dot 1 dot 1 open bracket August 26 comma 2014 forward slash S V N 1616546 close bracket. Next is a level 4 heading reads as Java 1 dot 4 and Higher.


  		The page that opens will look similar to Figure K-2. In the Distributions section, you will see links to download various distributions. As shown in the figure, click on the link with the most recent version number ending with bin.zip. (The most recent version number will most likely be different than the one shown in the figure.)




      Figure K-2

Select the latest bin distribution

[image: The figure illustrates the window of Apache.]
 The top left corner of a window has a text Apache derby with a hat symbol. The top right corner of a window has a feather symbol with 2 lines. Line 1 shows a text, the Apache DB project, and line 2 shows a text, h t t p semicolon forward slash forward slash d b dot a p a c h e dot o r g forward slash. Next is the menu bar with the following options; Home, Quick Start, Download, Community, Documentation, Resources. Next is a line with a text, last published semicolon 07 forward slash 19 forward slash 2020 18 semicolon 41 semicolon 49, at the right side.

Next is a vertical box on the left side of the window. It contains 15 drop down lists, a textbox, and a button. List 1; Home. List 2; The Apache Software Foundation. List 3; Quick Start. List 4; Download. List 5: The Apache Software Foundation. List 6; community. List 7: The Apache Software Foundation. List 8; documentation. List 9; The Apache Software Foundation. List 10; blocks and articles about derby. List 11: The Apache Software Foundation. List 12: integration with other products. List 13: eclipse plug hyphen ins. List 14: papers and presentations. List 15: The Apache Software Foundation. Next is a vertical line followed by a text box with a value search the site with Google, and it follows a button labeled search.

Besides the vertical box, Some structured contents are displayed. It starts with a line on the right side of the window. The line contains a text, Font size colon, button labeled Reset, button labeled hyphen a, and button labeled plus a. Next is a level one heading reads as Apache Derby 10 dot 15 dot 2 dot 0 Release. And it follows a horizontal line and 2 hyperlinks. The first hyperlink labeled distributions. The second hyperlink labeled release notes for Apache Derby 10 dot 15 dot 2 dot 0. The second hyperlink has a sub hyperlinks. Sub hyperlinks contain 6 hyperlinks. Hyperlink 1: Overview. Hyperlink 2: New Features. Hyperlink 3: Bug Fixes. Hyperlink 4: Issues. Hyperlink 5: Build Environment. Hyperlink 6: Verify Releases.

Next is a level 2 heading reads as Distributions, and it contains 26 lines. Line 1: use the links below to download a distribution of Apache Derby dot you should always verify the integrity. The text, verify the integrity is shown as hyperlink. Line 2: of distribution files downloaded from a mirror. Line 3 is blank. Line 4: you are currently using http colon forward slash forward slash mirrors dot ibiblio dot org forward slash apache forward slash dot if you encounter a problem with this. Line 5: mirror comma then please select another dot if all mirrors are falling comma there are backup mirrors at the end of the. Line 6: list dot see status of mirrors. The text status change has hyperlink. Line 7 is blank. Line 8 Shows a text, other mirrors colon, a drop down list, and a button labeled change. Line 9: there are four different distributions colon. Line 10 is blank. Line 11: bullet dot bin distribution hyphen contains in documentation comma Javadoc comma and jar files for Derby. Line 12: bullet dots lib distribution hyphen contains only the jar files for Derby. Line 13: bullet dot lib hyphen Debug distribution hyphen contains jar files for Derby with source line numbers dot. Line 14: src hyphen contains the Derby source tree at the point which the binaries where built dot. Line 15: db hyphen derby hyphen 10 dot 15 dot 2 dot 0 hyphen bin dot zip open square bracket PGP close square bracket open square bracket SHA hyphen 512 close square bracket. Line 16: db hyphen derby hyphen 10 dot 15 dot 2 dot 0 hyphen bin dot tar dot gz open square bracket PGP close square bracket open square bracket SHA hyphen 512 close square bracket. Line 17 is blank.

Line 18: db hyphen derby hyphen 10 dot 15 dot 2 dot 0 hyphen lib dot zip open square bracket PGP close square bracket open square bracket SHA hyphen 512 close square bracket. Line 19 : db hyphen derby hyphen 10 dot 15 dot 2 dot 0 hyphen lib dot tar dot gz open square bracket PGP close square bracket open square bracket SHA hyphen 512 close square bracket. Line 20 is blank. Line 21: db hyphen derby hyphen 10 dot 15 dot 2 dot 0 hyphen lib hyphen Debug dot zip open square bracket PGP close square bracket open square bracket SHA hyphen 512 close square bracket. Line 22 : db hyphen derby hyphen 10 dot 15 dot 2 dot 0 hyphen lib hyphen Debug dot tar dot tar dot gz open square bracket PGP close square bracket open square bracket SHA hyphen 512 close square bracket.

Line 23 is blank. Line 24: db hyphen derby hyphen 10 dot 15 dot 2 dot 0 hyphen src dot zip open square bracket PGP close square bracket open square bracket SHA hyphen 512 close square bracket.

Line 25: db hyphen derby hyphen 10 dot 15 dot 2 dot 0 hyphen src dot tar dot gz open square bracket PGP close square bracket open square bracket SHA hyphen 512 close square bracket. Note that comma due to long file names comma you will need. Line 26: gnu tar to unravel this tarball dot close bracket. An arrow points to a vertical box to line 15.


The remainder of this appendix provides detailed instructions for installing the downloaded file on Windows and macOS systems.


Windows


When you download the Derby file, you will get a zip file with a name like this:


    db-derby-10.15.2.0-bin.zip




In this example, the name indicates that the file contains Derby version 10.15.2.0. The actual name of the file that you download might be different because the version numbers will change over time.


Installing the Files


You can install Derby anywhere on your system. In Appendix E you were instructed to create the folder C:\Java to hold the JDK. It is recommended that you install the Derby in that folder as well. Follow these steps to proceed:


  		Open the Downloads folder (or the location where you downloaded the Derby zip file). Right-click on the zip file and select Extract All.... In the window that appears next, keep the default destination, and make sure that the Show extracted files when complete box is checked.

		The zip file’s contents will now be extracted to a folder with a name such as db-derby-10.15.2.0-bin. Inside this folder you will see another folder with a name such as db-derby-10.15.2.0-bin. Move this folder to the C:\Java folder that you have previously created.

		You have now installed the Derby files to the folder C:\Java\db-derby-10.15.2.0-bin (or similar). Take note of this path, as you will need it in the next steps.




Setting the CLASSPATH Environment Variable


The Derby distribution file that you downloaded and extracted contains a file named derby.jar. This file is the Derby database engine. The derby.jar file will be in the lib folder, which is in the distribution folder that you extracted. For example, suppose you extracted the db-derby-10.15.2.0-bin distribution file to the C:\Java folder. The path of the derby.jar file would be:


    C:\Java\db-derby-10.15.2.0-bin\lib\derby.jar




You will need to configure your system so the Java Virtual Machine can find the derby.jar file in this location. You do this by setting your system’s CLASSPATH environment variable to include the path of the file. The following instructions describe the procedure.


  		In the Windows search box, type environment variables then select Edit the system environment variables from the search results. This will display the System Properties window (with the Advanced tab selected at the top of the window).

		Click the Environment Variables... button.

		You should now see the Environment Variables window. Look in the System Variables list to see if the CLASSPATH variable exists. If the CLASSPATH variable already exists, perform the following:




• Select the CLASSPATH variable and click the Edit... button.


• Add a semicolon to the end of the existing contents and then add the path of the derby.jar file to the end of the list.


• Click the OK button, and then click the OK buttons until all the dialog boxes are closed and exit the control panel.


  		If the CLASSPATH variable does not exist, perform the following:




• Click the New... button that appears below the list of system variables.


• In the Variable name box, type CLASSPATH.


• In the Variable value box, type a period, followed by a semicolon, followed by the path of the derby.jar file. For example, the value will be something similar to the following (depending on the version of the Derby distribution that you are using):


    .;C:\Java\db-derby-10.15.2.0-bin\lib\derby.jar




• Click the OK button, and then click the OK buttons until all the dialog boxes are closed and exit the control panel.
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           Case Study 2: The Amortization Class


The loan officer at one of the Central Mountain Credit Union’s branch offices has asked you to write a loan amortization application to run on her desktop PC. The application should allow the user to enter the amount of a loan, the number of years of the loan, and the annual interest rate. An amortization report should then be saved to a text file.


Calculations


The credit union uses the following formula to calculate the monthly payment of a loan:


             P          a          y          m          e          n          t          =                                    L                      o                      a                      n                      ×                                                                R                                  a                                  t                                  e                                          12                                                 ×                      T                      e                      r                      m                                  T                      e                      r                      m                      −                      1                              


where:


  		 Loan=the amount of the loan,

		Rate=the annual interest rate,and

		 Term=(1+Rate/12)Years×12




Report Requirements


The report produced by the program should show the monthly payment amount and the following information for each month in the loan period: amount applied to interest, amount applied to principal, and the balance. The following report may be used as a model. It shows all the required information on a one-year $5,000 loan at 5.9 percent annual interest.


From Starting Out with Java: From Control Structures through Objects, Eighth Edition. Tony Gaddis. Copyright © 2021 by Pearson Education, Inc. All rights reserved.


    		Monthly Payment: $430.10 ﻿

		Month﻿		Interest		Principal		Balance

		1		24.58		405.52		4,594.48 

		2		22.59		407.51		4,186.97 

		3		20.59		409.52		3,777.45 

		4		18.57		411.53		3,365.92 

		5		16.55		413.55		2,952.37 

		6		14.52		415.59		2,536.78 

		7		12.47		417.63		2,119.15

		8		10.42		419.68		1,699.47

		9		8.36		421.75		1,277.72 

		10		6.28		423.82		853.90 

		11		4.20		425.90		428.00 

		12		2.10		428.00		0.00






The core of the program will be a class, Amortization, that holds the primary data, performs the mathematical calculations, and displays the report. Figure CS2-1 shows a UML diagram for the class.


      Figure CS2-1

UML diagram for the Amortization class

[image: The image contains class and objects comprising 1 block.]
 The image contains class and objects comprising 1 block. The block is labeled “Amortization”.The followings are labeled on this block.
 Line 1: minus loanAmount colon double. 
Line 2: minus interestRate colon double. 
Line 3: minus loanBalance colon double. 
Line 4: minus term colon double. 
Line 5: payment colon double. 
Line 6: minus loanYears colon int.
Line 7: plus Amortization open parathesis loan colon double, rate colon double, years colon int close parathesis. 
Line 8: minus calcPayment open parathesis close parathesis colon void.
 Line 9: plus getNumberOfPayments open parathesis close parathesis colon int. 
Line 10: plus saveReport open parathesis filename colon String close parathesis colon void. 
Line 11: plus getLoanAmount open parathesis close parathesis colon double. 
Line 12: plus getInterestRate open parathesis close parathesisdouble. 
Line 13: plus getLoanYears open parathesis close parathesis colon int.


Table CS2-1 lists and describes the class’s fields.


     Table CS2-1

Amortization class fields

		Field		Description 

		loanAmount		A double variable to hold the amount of the loan. 

		interestRate		A double variable to hold the annual interest rate. 

		loanBalance		A double variable to hold the loan balance. 

		term		A double variable used in the calculation of the monthly payment. 

		payment		A double variable to hold the amount of the monthly payment. 

		loanYears﻿		An int variable to hold the number of years of the loan.






Table CS2-2 lists and describes the class’s methods.


     Table CS2-2

Amortization class methods

		Method		Description

		Constructor		The constructor accepts three arguments: the loan amount, the annual interest rate, and the number of years of the loan. These values are stored in their corresponding fields. The private method calcPayment is then called. 

		calcPayment		A private method that is used to calculate the monthly payment amount. The result is stored in the payment field. 

		getNumberOfPayments		Returns as an int the number of loan payments. 

		saveReport		Saves the amortization report to a text file. 

		getLoanAmount		Returns as a double the amount of the loan. 

		getInterestRate		Returns as a double the annual interest rate. 

		getLoanYears		Returns as an int the number of years of the loan.






Code Listing CS2-1 shows the code for the class.


 

Code Listing CS2-1 (Amortization.java)


    import java.io.FileWriter;
import java.io.PrintWriter;
import java.io.IOException;
  
/**
   This class stores loan information and creates a
   text file containing an amortization report.
*/
  
public class Amortization
{
   private double loanAmount;   // Loan Amount
   private double interestRate; // Annual Interest Rate
   private double loanBalance;  // Monthly Balance
   private double term;         // Payment Term
   private double payment;      // Monthly Payment
   private int loanYears;       // Years of Loan
  
   /**
      The constructor accepts the loan amount, the annual
      interest rate, and the number of years of the loan
      as arguments. The private method CalcPayment is then
      called.
      @param loan The loan amount.
      @param rate The annual interest rate.
      @param years The number of years of the loan.
   */
  
   public Amortization(double loan, double rate, int years)
   {
      loanAmount = loan;
      loanBalance = loan;
      interestRate = rate;
      loanYears = years;
      calcPayment();
   }
  
   /**
      The calcPayment method calculates the monthly payment
      amount. The result is stored in the payment field.
   */
  
   private void calcPayment()
   {
      // Calculate value of Term
      term = Math.pow((1+interestRate/12.0), 12.0 * loanYears);

      // Calculate monthly payment
      payment =
        (loanAmount * interestRate/12.0 * term) / (term – 1);
   }
  
   /**
      The getNumberOfPayments method returns the total number of
      payments to be made for the loan.
      @return The number of loan payments.
   */
  
   public int getNumberOfPayments()
   {
      return 12 * loanYears;
   }
  
   /**
      The saveReport method saves the amortization report to
      the file named by the argument.
      @param filename The name of the file to create.
      @exception if a file output error occurs.
   */
  
   public void saveReport(String filename) throws IOException
   {
      double monthlyInterest;  // The monthly interest rate
      double principal;        // The amount of principal
  
      try (FileWriter fwriter = new FileWriter(filename);
           PrintWriter outputFile = new PrintWriter(fwriter))
      {
         // Print monthly payment amount.
         outputFile.printf("Monthly Payment: $%.2f", payment);
  
         // Print the report header.
         outputFile.println("Month\tInterest\tPrincipal\tBalance");
         outputFile.println("-----------------------------------" +
                            "--------------");
  
         // Save the amortization table to the file.
         for (int month = 1; month <= getNumberOfPayments(); month++)
         {
            // Calculate monthly interest.
            monthlyInterest = interestRate / 12.0 * loanBalance;
  
            if (month != getNumberOfPayments())
            {
               // Calculate payment applied to principal
               principal = payment – monthlyInterest;
            }
            else    // This is the last month.
            {
               principal = loanBalance;
               payment = loanBalance + monthlyInterest;
            }
  
            // Calculate the new loan balance.
            loanBalance –= principal;
  
            // Display a line of data.
            outputFile.println(String.format("%d\t%.2f\t\t%.2f\t\t%.2f",
                               month, monthlyInterest, principal,
                               loanBalance));
         }
      }
   }
  
   /**
      The getLoanAmount method returns the loan amount.
      @return The value in the loanAmount field.
   */
  
   public double getLoanAmount()
   {
      return loanAmount;
   }
  
   /**
      The getInterestRate method returns the interest rate.
      @return The value in the interestRate field.
   */
  
   public double getInterestRate()
   {
      return interestRate;
   }
  
   /**
      The getLoanYears method returns the years of the loan.
      @return The value in the loanYears field.
   */
  
   public int getLoanYears()
   {
      return loanYears;
   }
}




  


  


OEBPS/images/520db6e7-150e-4a6e-820c-3ab18e9f6d9e_ASSET_FG_01_002.png
Arithmetic
and Logic
Unit

Instruction
(Input)

Result
(Output)






OEBPS/xhtml/urn_pearson_manifest_b74aaedf-7388-4fcb-9c18-d014514400d1.xhtml
           Appendix C: Operator Precedence and Associativity


This table shows the precedence and associativity of all the Java operators. The table is divided into groups, and each operator in a group has the same precedence. The groups of operators are arranged from the highest precedence at the top of the table to the lowest precedence at the bottom of the table. For example, the first group of operators shown is:


    . [] () ++ --




This group of operators has the highest precedence of all the operators; and each of these operators has the same precedence.


    		Operator		Description		Associativity

		.

[]

()

++

--

		membership

array subscript

method argument list

postfix increment

postfix decrement

		left-to-right

left-to-right

left-to-right

left-to-right

left-to-right



		++

--

+

-

~

!

		prefix increment

prefix decrement

unary plus

unary minus

bitwise complement

logical NOT

		right-to-left

right-to-left

right-to-left

right-to-left

right-to-left

right-to-left



		new

(type)

		object creation

cast

		right-to-left

right-to-left



		*

/

%

		multiplication

division

remainder

		left-to-right

left-to-right

left-to-right



		+

+

-

		addition

string concatenation

subtraction

		left-to-right

left-to-right

left-to-right



		<<

>>

>>>

		left shift

signed right shift

unsigned right shift

		left-to-right

left-to-right

left-to-right



		<

>

<=

>=

instanceof

		less than

greater than

less than or equal to

greater than or equal to

type comparison

		left-to-right

left-to-right

left-to-right

left-to-right

left-to-right



		==

!=

		equal to

not equal to

		left-to-right

left-to-right



		&		bitwise AND		left-to-right

		^		bitwise XOR		left-to-right

		|		bitwise OR		left-to-right

		&&		logical AND		left-to-right

		||		logical OR		left-to-right

		?:		conditional		right-to-left

		=

+=

-=

*=

/=

<<=

>>=

>>>=

&=

^=

|=

		assignment

combined assignment

combined assignment

combined assignment

combined assignment

combined assignment

combined assignment

combined assignment

combined assignment

combined assignment

combined assignment

		right-to-left

right-to-left

right-to-left

right-to-left

right-to-left

right-to-left

right-to-left

right-to-left

right-to-left

right-to-left

right-to-left
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           Case Study 7: A Simple Text Editor Application Using Swing


To demonstrate the JTextArea component, fonts, menus, and file choosers, we present a simple text editor application. This application allows you to create new text files and open existing text files. The file contents are displayed in a text area. You can also change the font and style of the text that is displayed in the text area. The application’s window is shown in Figure CS7-1. Line wrapping is turned on, using word wrap style, and the text area is in a scroll pane.


      Figure CS7-1

The text editor window

[image: The figure shows the snap shot of a text editor page.]
 The header of the page is labeled Text Editor. Below the header the following tabs are shown: File , Font.
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The application uses a menu system to perform these operations, which is shown in Figure CS7-2.


      Figure CS7-2

Menu system for the text editor application

[image: The figure shows the subparts of file and Text tabs.]
 The subparts of the file tab are: New, Open, Save, Save As, and Exit.

The subparts of the Text tab are: Monospaced, Serif, SansSerif, Italic, and Bold.


Each menu item generates an action event that is handled by an action listener. The following section presents a summary of the actions performed by each menu item.


File Menu


    		New		This menu item clears any text that is stored in the text area. In addition, the class’s filename field is set to null. The filename field contains the path and name of the file that is currently displayed in the text area.

		Open		This menu item displays a file chooser that allows the user to select a file to open. If the user selects a file, it is opened and its contents are read into the text area. The path and name of the file are stored in the filename field.

		Save		This menu item saves the contents of the text area. The contents are saved to the file with the name and path stored in the filename field. If the filename field is set to null, which would indicate that the file has not been saved yet, then this menu item performs the same action as the Save As menu item.

		Save As		This menu item displays a file chooser that allows the user to select a location and file name. The contents of the text area are written to the selected file, and the path and file name are stored in the filename field. (Be careful when using this menu item. As it is currently written, this application does not warn you when you are about to overwrite an existing file!)

		Exit		This menu item ends the application.






Font Menu


    		Monospaced		This radio button menu item changes the text area’s font to Monospaced.

		Serif		This radio button menu item changes the text area’s font to Serif.

		SansSerif		This radio button menu item changes the text area’s font to SansSerif.

		Italic		This check box menu item changes the text area’s style to italic.

		Bold		This check box menu item changes the text area’s style to bold.






Code Listing CS7-1 shows the code for the TextEditor class. The main method creates an instance of the class, which displays the text editor window. Figure CS7-3 shows the window displaying text in various fonts and styles.


 

Code Listing CS7-1 (TextEditor.java)


    import java.awt.*;
import java.awt.event.*;
import javax.swing.*;
import java.io.*;
import java.util.Scanner;
  
/**
   The TextEditor class is a simple text editor.
*/
  
public class TextEditor extends JFrame
{
   // The following are fields for the menu system.
   // First, the menu bar
   private JMenuBar menuBar; 
  
   // The menus
   private JMenu fileMenu;
   private JMenu fontMenu;
  
   // The menu items
   private JMenuItem newItem;
   private JMenuItem openItem;
   private JMenuItem saveItem;
   private JMenuItem saveAsItem;
   private JMenuItem exitItem;
  
   // The radio button menu items
   private JRadioButtonMenuItem monoItem;
   private JRadioButtonMenuItem serifItem;
   private JRadioButtonMenuItem sansSerifItem;
  
   // The checkbox menu items
   private JCheckBoxMenuItem italicItem;
   private JCheckBoxMenuItem boldItem;
  
   private String filename;   // To hold the file name
   private JTextArea editorText;// To display the text
   private final int NUM_LINES = 20; // Lines to display
   private final int NUM_CHARS = 40; // Chars per line
  
   /**
      Constructor
   */
  
   public TextEditor()
   {
      // Set the title.
      setTitle(“Text Editor”);
  
      // Specify what happens when the close
      // button is clicked.
      setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
  
      // Create the text area.
      editorText = new JTextArea(NUM_LINES, NUM_CHARS);
  
      // Turn line wrapping on.
      editorText.setLineWrap(true);
      editorText.setWrapStyleWord(true);
  
      // Create a scroll pane and add the text area to it.
      JScrollPane scrollPane = new JScrollPane(editorText);
  
      // Add the scroll pane to the content pane.
      add(scrollPane);
  
      // Build the menu bar.
      buildMenuBar();
  
      // Pack and display the window.
      pack();
      setVisible(true);
   }
  
   /**
      The buildMenuBar method creates a menu bar and
      calls the createFileMenu method to create the
      file menu.
   */
  
   private void buildMenuBar()
   {
      // Build the file and font menus.
      buildFileMenu();
      buildFontMenu();
  
      // Create the menu bar.
      menuBar = new JMenuBar();
  
      // Add the file and font menus to the menu bar.
      menuBar.add(fileMenu);
      menuBar.add(fontMenu);
  
      // Set the menu bar for this frame.
      setJMenuBar(menuBar);
   }
  
   /**
      The buildFileMenu method creates the file menu
      and populates it with its menu items.
   */
  
   private void buildFileMenu()
   {
      // Create the New menu item.
      newItem = new JMenuItem(“New”);
      newItem.setMnemonic(KeyEvent.VK_N);
      newItem.addActionListener(new NewListener());
  
      // Create the Open menu item.
      openItem = new JMenuItem(“Open”);
      openItem.setMnemonic(KeyEvent.VK_O);
      openItem.addActionListener(new OpenListener());
  
      // Create the Save menu item.
      saveItem = new JMenuItem(“Save”);
      saveItem.setMnemonic(KeyEvent.VK_S);
      saveItem.addActionListener(new SaveListener());
  
      // Create the Save As menu item.
      saveAsItem = new JMenuItem(“Save As”);
      saveAsItem.setMnemonic(KeyEvent.VK_A);
      saveAsItem.addActionListener(new SaveListener());
  
      // Create the Exit menu item.
      exitItem = new JMenuItem(“Exit”);
      exitItem.setMnemonic(KeyEvent.VK_X);
      exitItem.addActionListener(new ExitListener());
  
      // Create a menu for the items we just created.
      fileMenu = new JMenu(“File”);
      fileMenu.setMnemonic(KeyEvent.VK_F);
  
      // Add the items and some separator bars to the menu.
      fileMenu.add(newItem);
      fileMenu.add(openItem);
      fileMenu.addSeparator();// Separator bar
      fileMenu.add(saveItem);
      fileMenu.add(saveAsItem);
      fileMenu.addSeparator();// Separator bar
      fileMenu.add(exitItem);
   }
  
   /**
      The buildFontMenu method creates the font menu
         and populates it with its menu items.
   */
  
   private void buildFontMenu()
   {
      // Create the Monospaced menu item.
      monoItem = new JRadioButtonMenuItem(“Monospaced”);
      monoItem.addActionListener(new FontListener());
  
      // Create the Serif menu item.
      serifItem = new JRadioButtonMenuItem(“Serif”);
      serifItem.addActionListener(new FontListener());
  
      // Create the SansSerif menu item.
      sansSerifItem =
              new JRadioButtonMenuItem(“SansSerif”, true);
      sansSerifItem.addActionListener(new FontListener());
  
      // Group the radio button menu items.
      ButtonGroup group = new ButtonGroup();
      group.add(monoItem);
      group.add(serifItem);
      group.add(sansSerifItem);
  
      // Create the Italic menu item.
      italicItem = new JCheckBoxMenuItem(“Italic”);
      italicItem.addActionListener(new FontListener());
  
      // Create the Bold menu item.
      boldItem = new JCheckBoxMenuItem(“Bold”);
      boldItem.addActionListener(new FontListener());
  
      // Create a menu for the items we just created.
      fontMenu = new JMenu(“Font”);
      fontMenu.setMnemonic(KeyEvent.VK_T);
  
      // Add the items and some separator bars to the menu.
      fontMenu.add(monoItem);
      fontMenu.add(serifItem);
      fontMenu.add(sansSerifItem);
      fontMenu.addSeparator();// Separator bar
      fontMenu.add(italicItem);
      fontMenu.add(boldItem);
   }
  
   /**
      Private inner class that handles the event that
      is generated when the user selects New from
      the file menu.
   */
  
   private class NewListener implements ActionListener
   {
     public void actionPerformed(ActionEvent e)
    {
        editorText.setText(“”);
        filename = null;
    }
   }
  
   /**
      Private inner class that handles the event that
      is generated when the user selects Open from
      the file menu.
   */
  
   private class OpenListener implements ActionListener
   {
      public void actionPerformed(ActionEvent e)
      {
         int chooserStatus;
  
         JFileChooser chooser = new JFileChooser();
         chooserStatus = chooser.showOpenDialog(null);
         if (chooserStatus == JFileChooser.APPROVE_OPTION)
         {
            // Get a reference to the selected file.
            File selectedFile = chooser.getSelectedFile();
  
            // Get the path of the selected file.
            filename = selectedFile.getPath();
  
            // Open the file.
            if (!openFile(filename))
            {
               JOptionPane.showMessageDialog(null,
                                “Error reading ” +
                                filename, “Error”,
                                JOptionPane.ERROR_MESSAGE);
            }
         }
      }
  
      /**
         The openFile method opens the file specified by
         filename and reads its contents into the text
         area. The method returns true if the file was
         opened and read successfully, or false if an
         error occurred.
         @param filename The name of the file to open.
      */
  
      private boolean openFile(String filename)
      {
         boolean success;
         String inputLine, editorString = “”;
  
         try
         {
            // Open the file.
            File file = new File(filename);
            Scanner inputFile = new Scanner(file);
  
            // Read the file contents into the editor.
            while (inputFile.hasNext())
            {
               // Read a line from the file.
               inputLine = inputFile.nextLine();
  
               // Append it to the string to display
               // in the editor.
               editorString = editorString +
                              inputLine + “\n”;
            }
  
            // Display the string that was read from the
            // file in the editor.
            editorText.setText(editorString);
  
            // Close the file.
            inputFile.close();
  
            // Indicate that everything went OK.
            success = true;
         }
         catch (IOException e)
         {
            // Something went wrong.
            success = false;
         }
 
         // Return our status.
         return success;
      }
   }
  
   /**
      Private inner class that handles the event that
      is generated when the user selects Save or Save
      As from the file menu.
   */
  
   private class SaveListener implements ActionListener
   {
       public void actionPerformed(ActionEvent e)
       {
          int chooserStatus;
  
          // If the user selected Save As, or the contents
          // of the editor have not been saved, use a file
          // chooser to get the file name. Otherwise, save
          // the file under the current file name.
  
          if (e.getActionCommand() == “Save As” ||
              filename == null)
          {
             JFileChooser chooser = new JFileChooser();
             chooserStatus = chooser.showSaveDialog(null);
             if (chooserStatus == JFileChooser.APPROVE_OPTION)
            {
               // Get a reference to the selected file.
               File selectedFile =
                             chooser.getSelectedFile();
  
               // Get the path of the selected file.
               filename = selectedFile.getPath();
            }
          }
  
          // Save the file.
          if (!saveFile(filename))
          {
             JOptionPane.showMessageDialog(null,
                                 “Error saving ” +
                                 filename,
                                 “Error”,
                                 JOptionPane.ERROR_MESSAGE);
          }
       }
  
       /**
          The saveFile method saves the contents of the
          text area to a file. The method returns true if
          the file was saved successfully, or false if an
          error occurred.
          @param filename The name of the file.
          @return true if successful, false otherwise.
       */
  
       private boolean saveFile(String filename)
       {
          boolean success;
          String editorString;
          PrintWriter outputFile;
  
          try
          {
             // Open the file.
             outputFile = new PrintWriter(filename);
  
             // Write the contents of the text area
             // to the file.
             editorString = editorText.getText();
             outputFile.print(editorString);
  
             // Close the file.
             outputFile.close();
  
             // Indicate that everything went OK.
             success = true;
          }
          catch (IOException e)
          {
             // Something went wrong.
             success = false;
          }
  
          // Return our status.
          return success;
       }
   }
  
   /**
      Private inner class that handles the event that
      is generated when the user selects Exit from
      the file menu.
   */
  
   private class ExitListener implements ActionListener
   {
      public void actionPerformed(ActionEvent e)
      {
         System.exit(0);
      }
   }
  
   /**
      Private inner class that handles the event that
      is generated when the user selects an item from
      the font menu.
   */
   
   private class FontListener implements ActionListener
   {
      public void actionPerformed(ActionEvent e)
      {
         // Get the current font.
         Font textFont = editorText.getFont();
  
         // Retrieve the font name and size.
         String fontName = textFont.getName();
         int fontSize = textFont.getSize();
  
         // Start with plain style.
         int fontStyle = Font.PLAIN;
  
         // Determine which font is selected.
         if (monoItem.isSelected())
            fontName = “Monospaced”;
         else if (serifItem.isSelected())
            fontName = “Serif”;
         else if (sansSerifItem.isSelected())
            fontName = “SansSerif”;
  
         // Determine whether italic is selected.
         if (italicItem.isSelected())
            fontStyle += Font.ITALIC;
  
         // Determine whether bold is selected.
         if (boldItem.isSelected())
            fontStyle += Font.BOLD;
  
         // Set the font as selected.
         editorText.setFont(new Font(fontName,
                                fontStyle, fontSize));
      }
   }
  
   /**
      main method
   */
  
   public static void main(String[] args)
   {
      TextEditor te = new TextEditor();
   }
}




  

      Figure CS7-3

Text displayed in various fonts and styles

[image: The figure shows three different font styles.]
 The figure shows three pages. Each page has different text fonts and text style. The following fonts and text style are used in each page: SanSerif font, plain style; Monospaced font bold style; and Serif font, bold and italic styles.
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// jshint multistr:true

(function (w, d) {
    'use strict';

    var TABLE_NAME = 'hljs-ln',
        LINE_NAME = 'hljs-ln-line',
        CODE_BLOCK_NAME = 'hljs-ln-code',
        NUMBERS_BLOCK_NAME = 'hljs-ln-numbers',
        NUMBER_LINE_NAME = 'hljs-ln-n',
        DATA_ATTR_NAME = 'data-line-number',
        BREAK_LINE_REGEXP = /\r\n|\r|\n/g;

    if (w.hljs) {
        w.hljs.initLineNumbersOnLoad = initLineNumbersOnLoad;
        w.hljs.lineNumbersBlock = lineNumbersBlock;
        w.hljs.lineNumbersValue = lineNumbersValue;

        addStyles();
    } else {
        w.console.error('highlight.js not detected!');
    }

    function isHljsLnCodeDescendant(domElt) {
        var curElt = domElt;
        while (curElt) {
            if (curElt.className && curElt.className.indexOf('hljs-ln-code') !== -1) {
                return true;
            }
            curElt = curElt.parentNode;
        }
        return false;
    }

    function getHljsLnTable(hljsLnDomElt) {
        var curElt = hljsLnDomElt;
        while (curElt.nodeName !== 'TABLE') {
            curElt = curElt.parentNode;
        }
        return curElt;
    }

    // Function to workaround a copy issue with Microsoft Edge.
    // Due to hljs-ln wrapping the lines of code inside a <table> element,
    // itself wrapped inside a <pre> element, window.getSelection().toString()
    // does not contain any line breaks. So we need to get them back using the
    // rendered code in the DOM as reference.
    function edgeGetSelectedCodeLines(selection) {
        // current selected text without line breaks
        var selectionText = selection.toString();

        // get the <td> element wrapping the first line of selected code
        var tdAnchor = selection.anchorNode;
        while (tdAnchor.nodeName !== 'TD') {
            tdAnchor = tdAnchor.parentNode;
        }

        // get the <td> element wrapping the last line of selected code
        var tdFocus = selection.focusNode;
        while (tdFocus.nodeName !== 'TD') {
            tdFocus = tdFocus.parentNode;
        }

        // extract line numbers
        var firstLineNumber = parseInt(tdAnchor.dataset.lineNumber);
        var lastLineNumber = parseInt(tdFocus.dataset.lineNumber);

        // multi-lines copied case
        if (firstLineNumber != lastLineNumber) {

            var firstLineText = tdAnchor.textContent;
            var lastLineText = tdFocus.textContent;

            // if the selection was made backward, swap values
            if (firstLineNumber > lastLineNumber) {
                var tmp = firstLineNumber;
                firstLineNumber = lastLineNumber;
                lastLineNumber = tmp;
                tmp = firstLineText;
                firstLineText = lastLineText;
                lastLineText = tmp;
            }

            // discard not copied characters in first line
            while (selectionText.indexOf(firstLineText) !== 0) {
                firstLineText = firstLineText.slice(1);
            }

            // discard not copied characters in last line
            while (selectionText.lastIndexOf(lastLineText) === -1) {
                lastLineText = lastLineText.slice(0, -1);
            }

            // reconstruct and return the real copied text
            var selectedText = firstLineText;
            var hljsLnTable = getHljsLnTable(tdAnchor);
            for (var i = firstLineNumber + 1 ; i < lastLineNumber ; ++i) {
                var codeLineSel = format('.{0}[{1}="{2}"]', [CODE_BLOCK_NAME, DATA_ATTR_NAME, i]);
                var codeLineElt = hljsLnTable.querySelector(codeLineSel);
                selectedText += '\n' + codeLineElt.textContent;
            }
            selectedText += '\n' + lastLineText;
            return selectedText;
        // single copied line case
        } else {
            return selectionText;
        }
    }

    // ensure consistent code copy/paste behavior across all browsers
    // (see https://github.com/wcoder/highlightjs-line-numbers.js/issues/51)
    document.addEventListener('copy', function(e) {
        // get current selection
        var selection = window.getSelection();
        // override behavior when one wants to copy line of codes
        if (isHljsLnCodeDescendant(selection.anchorNode)) {
            var selectionText;
            // workaround an issue with Microsoft Edge as copied line breaks
            // are removed otherwise from the selection string
            if (window.navigator.userAgent.indexOf('Edge') !== -1) {
                selectionText = edgeGetSelectedCodeLines(selection);
            } else {
                // other browsers can directly use the selection string
                selectionText = selection.toString();
            }
            e.clipboardData.setData('text/plain', selectionText);
            e.preventDefault();
        }
    });

    function addStyles () {
        var css = d.createElement('style');
        css.type = 'text/css';
        css.innerHTML = format(
            '.{0}{border-collapse:collapse}' +
            '.{0} td{padding:0}' +
            '.{1}:before{content:attr({2})}',
        [
            TABLE_NAME,
            NUMBER_LINE_NAME,
            DATA_ATTR_NAME
        ]);
        d.getElementsByTagName('head')[0].appendChild(css);
    }

    function initLineNumbersOnLoad (options) {
        if (d.readyState === 'interactive' || d.readyState === 'complete') {
            documentReady(options);
        } else {
            w.addEventListener('DOMContentLoaded', function () {
                documentReady(options);
            });
        }
    }

    function documentReady (options) {
        try {
            var blocks = d.querySelectorAll('code.hljs,code.nohighlight');

            for (var i in blocks) {
                if (blocks.hasOwnProperty(i)) {
                    if (!isPluginDisabledForBlock(blocks[i])) {
                        lineNumbersBlock(blocks[i], options);
                    }
                }
            }
        } catch (e) {
            w.console.error('LineNumbers error: ', e);
        }
    }

    function isPluginDisabledForBlock(element) {
        return element.classList.contains('nohljsln');
    }

    function lineNumbersBlock (element, options) {
        if (typeof element !== 'object') return;

        async(function () {
            element.innerHTML = lineNumbersInternal(element, options);
        });
    }

    function lineNumbersValue (value, options) {
        if (typeof value !== 'string') return;

        var element = document.createElement('code')
        element.innerHTML = value

        return lineNumbersInternal(element, options);
    }

    function lineNumbersInternal (element, options) {

        var internalOptions = mapOptions(element, options);

        duplicateMultilineNodes(element);

        return addLineNumbersBlockFor(element.innerHTML, internalOptions);
    }

    function addLineNumbersBlockFor (inputHtml, options) {
        var lines = getLines(inputHtml);

        // if last line contains only carriage return remove it
        if (lines[lines.length-1].trim() === '') {
            lines.pop();
        }

        if (lines.length > 1 || options.singleLine) {
            var html = '';

            for (var i = 0, l = lines.length; i < l; i++) {
                html += format(
                    '<tr>' +
                        '<td class="{0} {1}" {3}="{5}">' +
                            '<div class="{2}" {3}="{5}"></div>' +
                        '</td>' +
                        '<td class="{0} {4}" {3}="{5}">' +
                            '{6}' +
                        '</td>' +
                    '</tr>',
                [
                    LINE_NAME,
                    NUMBERS_BLOCK_NAME,
                    NUMBER_LINE_NAME,
                    DATA_ATTR_NAME,
                    CODE_BLOCK_NAME,
                    i + options.startFrom,
                    lines[i].length > 0 ? lines[i] : ' '
                ]);
            }

            return format('<table class="{0}">{1}</table>', [ TABLE_NAME, html ]);
        }

        return inputHtml;
    }

    /**
     * @param {HTMLElement} element Code block.
     * @param {Object} options External API options.
     * @returns {Object} Internal API options.
     */
    function mapOptions (element, options) {
        options = options || {};
        return {
            singleLine: getSingleLineOption(options),
            startFrom: getStartFromOption(element, options)
        };
    }

    function getSingleLineOption (options) {
        var defaultValue = false;
        if (!!options.singleLine) {
            return options.singleLine;
        }
        return defaultValue;
    }

    function getStartFromOption (element, options) {
        var defaultValue = 1;
        var startFrom = defaultValue;

        if (isFinite(options.startFrom)) {
            startFrom = options.startFrom;
        }

        // can be overridden because local option is priority
        var value = getAttribute(element, 'data-ln-start-from');
        if (value !== null) {
            startFrom = toNumber(value, defaultValue);
        }

        return startFrom;
    }

    /**
     * Recursive method for fix multi-line elements implementation in highlight.js
     * Doing deep passage on child nodes.
     * @param {HTMLElement} element
     */
    function duplicateMultilineNodes (element) {
        var nodes = element.childNodes;
        for (var node in nodes) {
            if (nodes.hasOwnProperty(node)) {
                var child = nodes[node];
                if (getLinesCount(child.textContent) > 0) {
                    if (child.childNodes.length > 0) {
                        duplicateMultilineNodes(child);
                    } else {
                        duplicateMultilineNode(child.parentNode);
                    }
                }
            }
        }
    }

    /**
     * Method for fix multi-line elements implementation in highlight.js
     * @param {HTMLElement} element
     */
    function duplicateMultilineNode (element) {
        var className = element.className;

        if ( ! /hljs-/.test(className)) return;

        var lines = getLines(element.innerHTML);

        for (var i = 0, result = ''; i < lines.length; i++) {
            var lineText = lines[i].length > 0 ? lines[i] : ' ';
            result += format('<span class="{0}">{1}</span>\n', [ className,  lineText ]);
        }

        element.innerHTML = result.trim();
    }

    function getLines (text) {
        if (text.length === 0) return [];
        return text.split(BREAK_LINE_REGEXP);
    }

    function getLinesCount (text) {
        return (text.trim().match(BREAK_LINE_REGEXP) || []).length;
    }

    ///
    /// HELPERS
    ///

    function async (func) {
        w.setTimeout(func, 0);
    }

    /**
     * {@link https://wcoder.github.io/notes/string-format-for-string-formating-in-javascript}
     * @param {string} format
     * @param {array} args
     */
    function format (format, args) {
        return format.replace(/\{(\d+)\}/g, function(m, n){
            return args[n] !== undefined ? args[n] : m;
        });
    }

    /**
     * @param {HTMLElement} element Code block.
     * @param {String} attrName Attribute name.
     * @returns {String} Attribute value or empty.
     */
    function getAttribute (element, attrName) {
        return element.hasAttribute(attrName) ? element.getAttribute(attrName) : null;
    }

    /**
     * @param {String} str Source string.
     * @param {Number} fallback Fallback value.
     * @returns Parsed number or fallback value.
     */
    function toNumber (str, fallback) {
        if (!str) return fallback;
        var number = Number(str);
        return isFinite(number) ? number : fallback;
    }

}(window, document));
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           Appendix G: Using the javadoc Utility


The Java JDK comes with a utility named javadoc, which you can use to automatically generate documentation for the classes, interfaces, and methods that you write. The javadoc utility produces HTML documentation with the same structure as the Java API documentation. To generate this documentation, there are two general steps necessary:


  		Write documentation comments in the Java source code file that you wish to document.

		Run the javadoc utility, passing the name of the Java source code file as a command-line argument.




Let’s take a closer look at each step.


Writing Documentation Comments


In the first step, you write into a Java source file special comments known as documentation comments. You typically do this as you are writing the Java code. A documentation comment may precede a class header, an interface header, or a method header. Each one contains information about the class, interface, or method that it precedes.


A documentation comment begins with /** and ends with */. Between these two symbols you write information that the javadoc utility can use to generate documentation. This information can contain regular text descriptions, as well as special javadoc tags which begin with the @ symbol. When you run the javadoc utility, it searches for these documentation comments and processes them.


To see examples of documentation comments, we will look at the BankAccount class that was first presented in Chapter 6. This class uses simple documentation comments for the class and its methods. First, here is the documentation for the class, followed by the class header:


    /**
  The BankAccount class simulates a bank account.
*/
  
public class BankAccount




The text in a documentation comment for a class should contain a brief description of the class. This is the text that will be used to describe the class in the HTML file. Notice in this example, the description inside the documentation comment is indented with spaces. Any whitespace characters at the beginning of a line are ignored by the javadoc utility. In addition to whitespace characters, javadoc ignores all asterisk characters at the beginning of a line. For example, the following documentation comment will produce the same results as the previous one:


    /**
 *
 * The BankAccount class simulates a bank account.
 *
 */
public class BankAccount




Although the extra asterisks are ignored by javadoc, they help the comment to visually stand out for any person reading the code.


A documentation comment for a method is structured in the following way:


  		After the /** symbol, a brief description of the method appears. This text will be used to describe the method in the HTML documentation file. In addition, the first sentence of this description will be used as a summary of the method.

		If the method has parameters, documentation for each parameter will appear in the comment. A parameter’s documentation begins with the @param tag, followed by the name of the parameter, followed by a description of the parameter.

		If the method returns a value, a description of the return value will appear in the comment. This description must begin with the @return tag, followed by a description of the return value.

		If the method throws exceptions, documentation for each exception will appear in the comment. Documentation for each exception begins with the @exception tag, followed by the name of the exception, followed by a description of the events that cause the exception.




For example, here is one of the BankAccount constructors, preceded by its documentation comment:


    /**
    This constructor sets the starting balance to the
    value passed as an argument.
    @param startBalance The starting balance.
*/

public BankAccount(double startBalance)
{
   balance = startBalance;
}




The documentation comment for this constructor is relatively simple, containing only a brief one-sentence description and one @param tag.


In the HTML file that is produced by javadoc, each method will have two major sections of documentation: a summary section and a detail section. The first sentence in the method’s documentation comment is used as the summary of the method. Note javadoc considers the end of the sentence as a period followed by a whitespace character. For this reason, when a method description contains more than one sentence, you should always end the first sentence with a period followed by a whitespace character. The method’s detail section will contain all of the text from the beginning of the comment to the first tag, or the end of the comment if it contains no tags.
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           Appendix B: The ASCII/Unicode Characters


The following table lists the first 127 Unicode character codes, which are the same as the ASCII (American Standard Code for Information Interchange) character set. This group of character codes is known as the Latin Subset of Unicode. The code columns show character codes and the character columns show the corresponding characters. For example, the code 65 represents the letter A. Note that the first 31 codes and code 127 represent control characters that are not printable.


    		Code		Character		Code		Character		Code		Character		Code		Character		Code		Character

		0		NUL		26		SUB		52		4		78		N		104		h

		1		SOH		27		Escape		53		5		79		O		105		i

		2		STX		28		FS		54		6		80		P		106		j

		3		ETX		29		GS		55		7		81		Q		107		k

		4		EOT		30		RS		56		8		82		R		108		l

		5		ENQ		31		US		57		9		83		S		109		m

		6		ACK		32		(Space)		58		:		84		T		110		n

		7		BEL		33		!		59		;		85		U		111		o

		8		Backspace		34		"		60		<		86		V		112		p

		9		HTab		35		#		61		=		87		W		113		q

		10		Line Feed		36		$		62		>		88		X		114		r

		11		VTab		37		%		63		?		89		Y		115		s

		12		Form Feed		38		&		64		@		90		Z		116		t

		13		CR		39		'		65		A		91		[		117		u

		14		SO		40		(		66		B		92		\		118		v

		15		SI		41		)		67		C		93		]		119		w

		16		DLE		42		*		68		D		94		^		120		x

		17		DC1		43		+		69		E		95		_		121		y

		18		DC2		44		'		70		F		96		`		122		z

		19		DC3		45		-		71		G		97		a		123		{

		20		DC4		46		.		72		H		98		b		124		|

		21		NAK		47		/		73		I		99		c		125		}

		22		SYN		48		0		74		J		100		d		126		~

		23		ETB		49		1		75		K		101		e		127		DEL

		24		CAN		50		2		76		L		102		f		 		 

		25		EM		51		3		77		M		103		g		 		 





From Starting Out with Java: From Control Structures through Objects, Eighth Edition. Tony Gaddis. Copyright © 2021 by Pearson Education, Inc. All rights reserved.
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           Appendix D: Java Keywords


The following words have reserved meaning in the Java language.


    		abstract		default		goto		package		this

		assert		do		if		private		throw

		boolean		double		implements		protected		throws

		break		else		import		public		transient

		byte		enum		instanceof		return		true

		case		extends		int		short		try

		catch		false		interface		static		void

		char		final		long		strictfp		volatile

		class		finally		native		super		while

		const		float		new		switch		 

		continue		for		null		synchronized		 






Note that the words const and goto are reserved, but they are not used.


The following words were introduced as restricted words in Java 9. They are treated as keywords only within a module descriptor.


    		exports		open		provides		to		uses

		module		opens		requires		transitive		with





From Starting Out with Java: From Control Structures through Objects, Eighth Edition. Tony Gaddis. Copyright © 2021 by Pearson Education, Inc. All rights reserved.
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           Using the import Statement


When a package has been created and stored on the disk as previously described and the CLASSPATH variable has been set with the pathname of the base directory for your packages, you are ready to create programs that use your package. Code Listing I-3 uses both the Car and Truck classes.


 

Code Listing I-3 (CarTruckDemo.java)


       import vehicles.*;

   /**
    * This program demonstrates the Car and Truck
    * classes which are part of the vehicles package.
    */

   public class CarTruckDemo
   {
      public static void main(String[] args)
      {
         Car roadster = new Car(2, 155);
         Truck pickUp = new Truck(18, 2);

         System.out.println("Here's information " +
                            "about the car:");
         System.out.println(roadster);
         System.out.println();
         System.out.println"Here's information " +
                           "about the truck:");
         System.out.println(pickUp);
      }
   }




Program Output


    Here's information about the car:
Passengers: 2
Top speed: 155.0 miles per hour

Here's information about the truck:
Fuel economy: 18.0 miles per gallon
Hauling capacity: 2.0 tons




  

Notice line 1 contains an import statement. The word import is a keyword in Java. The name that follows import is the name of a package the program intends to use. The .* that follows the package name means to import all the classes that are part of that package. This statement tells the compiler to make all the classes that are part of the vehicles package available to the program. If we only wanted to make the Truck class available, we could have used the following import statement:


    import vehicles.Truck;




In this case, the compiler would only make the Truck class available. Any references to the Car class would cause an error. Likewise, we could use the following statement to make only the Car class available:


    import vehicles.Car;




You will recall that you have used the following import statement in programs that use the Scanner class:


    import java.util.Scanner;




This statement tells the compiler to use the Scanner class, which is part of the java.util package. The java.util package is part of the Java standard class library.


At this point, it might be helpful to summarize the steps necessary to create and use a package:


  		Place an appropriate package statement in each class file that is to be part of the package. The package statement must be the first line of the file or preceded only by comments and/or blank lines.

		You should have a base directory on your system for storing your packages. Under this directory, create a directory that bears the same name as the package. Store the package’s class files in this folder.

		Add the pathname of the package base directory to the CLASSPATH environment variable.

		Place an appropriate import statement in each program that intends to use the package.
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           Running javadoc


After creating one or more source code files containing documentation comments, your next step is to run the javadoc utility. You run javadoc from the operating system command prompt. Here is the general format of the javadoc command:


    javadoc SourceFileList




SourceFileList is one or more names of source code files. The files specified as arguments will be read by javadoc and documentation will be produced for each of them. For example, the following command will produce documentation for the BankAccount class:


    javadoc BankAccount.java




After this command executes, several HTML files will be created in the same directory as the source code file. One of these files will have the same name as the class file. In this case, it will be named BankAccount.html. This is the file that you open in your browser to view the documentation. Figure G-1 shows the documentation for the BankAccount class.


      Figure G-1

BankAccount class documentation

[image: The figure illustrates the window.]
 The window starts with the menu bar with the following options: PACKAGE, CLASS, TREE, DEPRECATED, INDEX, HELP. The CLASS option is highlighted. The menu bar follows by another menu bar it contains 2 lines. line1: SUMMARY semicolon NESTED vertical bar FIELD vertical bar CONSTR vertical bar METHOD space space DETAIL semicolon FIELD vertical bar CONSTR vertical bar METHOD. Line 2 shows a text SEARCH with a text box. The text box has a value search beside a cross mark. Next is a heading that reads as Class Bank Account. 6 lines follow the heading. Line1: java dot lang dot Object. Line2: Bank Account. Line 3 shows a horizontal line. Line 4: public class Bank Account. Line5: extend java dot lang dot object. Line 6 is a blank. Line 7: The Bank Account class simulates a Bank Account. Next is a level 2 heading reads as Constructor Summary. It follows 3 lines. Line 1: constructors. The constructor is highlighted. Line 2 shows 2 texts, Constructor, and another text, Description, beside the first text. Line 4: Bank Account open parenthesis close parenthesis space space no arg Constructor sets the starting balance at o dot o. Line 5: Bank Account

open bracket double start Balance close bracket

space space This constructor sets the starting balance to the value passed as an argument. Next is a level 3 heading reads as Method Summary. It follows a line. The line shows three words side by side, and the words are the following: All Methods, Static Method, Concrete Methods. All Methods is highlighted. 


If you want to produce documentation for multiple source code files, simply separate the names of the files with spaces. Here is an example:


    javadoc Student.java CompSciStudent.java




After this command executes, the resulting HTML files will contain documentation for the Student and CompSciStudent classes.
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           The @return Tag


Here is another method from the BankAccount class, which has a return value:


    /** 
 The getBalance method returns the 
 account balance. 
 @return The value in the balance field. 
*/ 
  
public double getBalance() 
{ 
   return balance; 
}




Because this method returns a value, the documentation comment contains an @return tag. The documentation for the return value follows this general format:


    @return Description




In the general format, Description is a brief description of the return value. When a method’s documentation comments contain an @return tag, the javadoc utility will create a Returns section in the method’s documentation. This is where the description of the method’s return value will be listed. Remember the following points about @return tag comments:


  		The @return tag in a method’s documentation comment must appear after the general description of the method.

		The description can span several lines. It ends at the end of the documentation comment (the */ symbol), or at the beginning of another tag.
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           Appendix L: The QuickSort Algorithm


The QuickSort algorithm is a popular general-purpose sorting routine developed in 1960 by C. A. R. Hoare. It sorts an array by dividing it into two sub lists. Between the sub lists is a selected value known as the pivot. This is illustrated in Figure L-1.


      Figure L-1

Sub lists and pivot

[image: The figure illustrates an array with 3 elements. The first element is labeled Sub list 1, the second element is labeled Pivot , and the third element is labeled Sub list 2.]

Notice in the figure that sub list 1 is positioned to the left of (before) the pivot, and sub list 2 is positioned to the right of (after) the pivot. Once a pivot value has been selected, the algorithm swaps the other values in the array until all the elements in sub list 1 are less than the pivot, and all the elements in sub list 2 are greater than the pivot.


Once this is done, the algorithm repeats the procedure on sub list 1, then on sub list 2. The recursion stops when there is only one element in a sub list. At that point, the array is completely sorted.


The algorithm is coded primarily in two methods: quickSort and partition. The quickSort method is recursive. Its psuedocode is shown here:


  		quickSort:		If Starting Index < Ending Index		       Partition the List around a Pivot 

		       quickSort Sub list 1 

		       quickSort Sub list 2





		End If








Here is the Java code for the quickSort method:


     
public static void quickSort(int array[], int start, int end) 
{ 
   int pivotPoint; 
   
   if (start < end) 
   { 
      // Get the pivot point. 
      pivotPoint = partition(array, start, end); 
   
      // Sort the first sub list. 
      quickSort(array, start, pivotPoint - 1); 
   
      // Sort the second sub list. 
      quickSort(array, pivotPoint + 1, end);
   }
}




This version of quickSort works with an array of integers. Its first argument is the array holding the list that is to be sorted. The second and third arguments are the starting and ending subscripts of the list.


The subscript of the pivot element is returned by the partition method. The partition method not only determines which element will be the pivot, but also controls the rearranging of the other values in the list. The method selects the element in the middle of the array as the pivot, and then scans the remainder of the array searching for values less than the pivot.


The code for the partition method is shown here:


    private static int partition(int array[], int start, int end) 
{ 
   int pivotValue, pivotIndex, mid; 
   
   mid = (start + end) / 2; 
   
   swap(array, start, mid); 
   pivotIndex = start; 
   pivotValue = array[start]; 
   for (int scan = start + 1; scan <= end; scan++) 
   { 
      if (array[scan] < pivotValue) 
      { 
         pivotIndex++; 
         swap(array, pivotIndex, scan); 
      }   
   }  
   swap(array, start, pivotIndex); 
   
return pivotIndex; 
}




The partition method does not initially sort the values into their final order. Its job is only to move the values that are less than the pivot to the pivot’s left, and move the values that are greater than the pivot to the pivot’s right. As long as that condition is met, they may appear in any order. The ultimate sorting order of the entire array is achieved cumulatively, though the recursive calls to the quickSort method.


There are many different ways of partitioning the array. As previously stated, the technique shown in this partition method selects the middle value as the pivot. That value is then moved to the beginning of the array (by swapping it with the value stored there). This simplifies the next step, which is to scan the array.


A for loop scans the remainder of the array, and when an element is found whose value is less than the pivot, that value is moved to a location left of the pivot point.


A third method, swap, is used to swap the values found in any two elements of the array. The method is shown here:


    private static void swap(int[] array, int a, int b) 
 { 
    int temp; 
   
    temp = array[a]; 
    array[a] = array[b]; 
    array[b] = temp; 
 }




The program in Code Listing L-1 demonstrates these methods.


 

Code Listing L-1 (QuickSortDemo.java)


    /**
 * This program demonstrates the QuickSort algorithm.
 */
  
public class QuickSortDemo
{
   /**
    * main method
    */
  
   public static void main(String[] args)
   {
      int[] array = { 7, 3, 9, 2, 0, 1, 8, 4, 6, 5 };
   
      // Display the array as it is now.
      System.out.println("Before the sort:");
      for (int i = 0; i < 10; i++)
         System.out.print(array[i] + " ");
      System.out.println();
  
      // Sort the array.
      quickSort(array, 0, 9);
  
      // Display the array again.
      System.out.println("After the sort:");
      for (int i = 0; i < 10; i++)
         System.out.print(array[i] + " ");
      System.out.println();
   }
  
   /**
    * The quickSort method uses the QuickSort algorithm to
    * sort array, from array[start] through array[end].
    */
  
   public static void quickSort(int array[], int start, int end)\
   { 
      int pivotPoint;
  
      if (start < end)
      {
         // Get the pivot point.
         pivotPoint = partition(array, start, end);
  
         // Sort the first sub list.
         quickSort(array, start, pivotPoint - 1);
  
         // Sort the second sub list.
         quickSort(array, pivotPoint + 1, end);
      } 
   }  
  
   /**
    * The partition method selects the value in the middle of
    * the array as the pivot. The list is rearranged so all
    * the values less than the pivot are on its left and all
    * the values greater than pivot are on its right.
    */
  
   private static int partition(int array[], int start, int end)
   { 
      int pivotValue, pivotIndex, mid;
  
      mid = (start + end) / 2;
  
      swap(array, start, mid);
      pivotIndex = start
      pivotValue = array[start];
      for (int scan = start + 1; scan <= end; scan++)
      { 
         if (array[scan] < pivotValue)
         { 
            pivotIndex++;
            swap(array, pivotIndex, scan);
         } 
      }  
      swap(array, start, pivotIndex);
  
      return pivotIndex;
   }
  
   /**
    * The swap method swaps the element at array[a] with the
    * element at array[b].
    */
  
   private static void swap(int[] array, int a, int b)
   {
      int temp;
  
      temp = array[a];
      array[a] = array[b];
      array[b] = temp;
   }
}




Program Output


    Before the sort:
7 3 9 2 0 1 8 4 6 5
After the sort:
0 1 2 3 4 5 6 7 8 9
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           More about the toString Method


The program in Code Listing CS5-1 explicitly called the FeetInches class’s toString method to display the contents of the distance object. The following statement appears in lines 30 and 31:


    System.out.println(“The distance you entered is ” 
                   + distance.toString());




In actuality, it is unnecessary to explicitly call the toString method in this statement. If you write a toString method for a class, Java will automatically call the method any time you concatenate an object of the class with a string. For example, the following statement would implicitly call the distance object’s toString method:


    System.out.println(“The distance you entered is ” 
                   + distance);




Java also implicitly calls an object’s toString method when the object is passed to the print or println method. Assuming that distance is a FeetInches object, here is an example:


    System.out.println(distance);




This statement is equivalent to:


    System.out.println(distance.toString());




 

NOTE: Every class automatically has a toString method that returns a string containing the object’s class name, followed by the @ symbol, followed by an integer that is usually based on the object’s memory address. This method is called when necessary if you have not provided your own toString method. This is discussed further in Chapter 8.
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           Student Supplemental Materials


Source Code


The source code for each program featured in this Revel course.


Student Lab Manual Files


Errata
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           Appendix I: Packages


 

NOTE: To use this appendix, you must understand how your operating system uses directories, or folders. In addition, you must know how to set the value of an environment variable. The process of setting an environment variable differs among operating systems.


  

So far, you have been storing the classes you have created in the same folder or directory as the program that uses them. That is where the compiler looks for classes by default. In real-world application development, however, this approach is less than ideal. If you are developing more than one application that uses the same set of classes, you would have to make separate copies of the classes and store them in the same disk location as each application. A better approach is to have the classes stored in a central location available to all applications. Only one copy of the classes is needed, regardless of the number of applications you develop using them. In Java, this can be accomplished by using packages.


A package, which is also called a library, is a named group of related classes. Packages are stored in their own folder or directory. The compiler is informed of the package’s location, so it can find it regardless of where the application that uses the package may be stored.


Let’s look at a simple example. Suppose we create two classes: Car and Truck. Both classes are part of a package named vehicles. Code Listing I-1 shows the listing for the Car class, and Code Listing I-2 shows the listing for the Truck class.


 

Code Listing I-1 (Car.java)


    package vehicles;

/**
 * This class is in the vehicles package.
 */

public class Car
{
   private int passengers;   // Number of passengers
   private double topSpeed;  // Top speed in miles per hour

   /**
    * Constructor
    */

   public Car(int passengers, int topSpeed)
   {
      this.passengers = passengers;
      this.topSpeed = topSpeed;
   }

   /**
    * toString method
    */

   public String toString()
   {
      return "Passengers: " + passengers
           + "\nTop Speed: " + topSpeed + " miles per hour";
   }
}




  

 

Code Listing I-2 (Truck.java)


    package vehicles;

/**
 * This class is in the vehicles package.
 */

public class Truck
{
   private double mpg;   // Fuel economy in miles-per-gallon
   private double tons;   // Hauling capacity in tons

   /**
    * Constructor
    */

   public Truck(double mpg, double tons)
   {
      this.mpg = mpg;
      this.tons = tons;
   }

   /**
    * toString method
    */

   public String toString()
   {
      return "Fuel economy: " + mpg + " miles per gallon"
           + "\nHauling capacity: " + tons + " tons";
   }
}




  

Notice the first line of each file reads:


    package vehicles;




The word package is a key word in Java, and vehicles is the name of the package to which the class belongs. Notice the statement is terminated by a semicolon. This statement informs the compiler that the contents of the file belong to the vehicles package.


 

NOTE: The compiler expects the package statement to be the first statement in a file. Only comments and blank lines may be placed before it.


  

When a class is part of a package, the compiler expects the class file to be stored in a directory with the same name as the package. For example, the Car and Truck classes are part of the vehicles package, so they must be stored in a directory named vehicles. Typically, the vehicles directory would be stored under another directory that acts as the base directory for packages. Figure I-1 depicts an example directory structure on a Windows system. The mypackages directory is the base directory for packages. Under mypackages, the vehicles directory appears, which holds the Car.java and Truck.java files.


      Figure I-1

Example directory structure for storing a package on Windows

[image: The figure illustrates the directory structure for storing a package on windows. The figure shows a tree with 3 levels.]
 The first box labeled C colon back slash at level 0 branches down to my packages at level 1. Level 1 branches down to vehicles at level 2. Level 2 branches down to the packages, Car dot java, and Truck dot java.


Once a package has been created, the Java compiler must be informed of its location. This appendix gives a general overview of what needs to be done when using the JDK under Windows, macOS, or Linux.


The JDK uses an operating system environment variable named CLASSPATH to determine where the base directory for your packages is located. The CLASSPATH environment variable holds a string that consists of one or more pathnames, separated by a delimiting character. To inform the compiler of your base directory’s location, simply add its pathname to the contents of the CLASSPATH environment variable.
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           macOS


When you download the JavaFX SDK for macOS, you will get a compressed file with a name like this:


    openjfx-14.0.1_osx-x64_bin-sdk.zip




In this example, the name indicates that the file contains the JavaFX SDK version 14.0.1. The actual name of the file that you download will probably be different because the version numbers will change over time.


Installing the Files


Now that you have downloaded the JavaFX compressed file, you will extract its contents to a directory in your user account’s home directory. In the following examples, we show the name of the compressed file as openjfx-14.0.1_osx-x64_bin-sdk.zip. Remember that the name of the file that you downloaded might be slightly different.


  		Open the Terminal app.

		Create a directory named javafx in your home directory. Example:




    $ mkdir ~/javafx




  		Change your current directory to the Downloads directory. Example:




    $ cd ~/Downloads




  		Use the unzip command to decompress the file that you downloaded. Example:




    $ unzip openjfx-14.0.1_osx-x64_bin-sdk.zip




  		Use the ls command to see the contents of the current directory. Example:




    $ ls




  		In the command results, you should see a name similar to javafx-sdk-14.0.1. On your system, the name might be different depending on the version of the JavaFX SDK that you downloaded. This is a directory that contains the JavaFX SDK files. Take note of the exact name as it appears on your system.




  		Move the JavaFX SDK directory that you unzipped to the ~/javafx directory. Example:




    $ mv javafx-sdk-14.0.1 ~/javafx




  		(Remember that the name of the directory that you are moving might be different from the one shown here.)




Setting the PATH_TO_FX Environment Variable


The path to your JavaFX library is in this general format:


    /Users/<username>/javafx/<javafx directory>/lib




In the general format, <username> is your username and <javafx directory> is the name of the directory that you created in the file installation procedure. You took note of this directory's name in step 5. For example, if you installed JavaFX 14.0.1, the name of the directory would be javafx-sdk-14.0.1. Assuming your username is katie, the path to your JavaFX library would be:


    /Users/katie/javafx/javafx-sdk-14.0.1/lib




Make sure that you know the correct library path on your system. Now you will configure your system to create an environment variable named PATH_TO_FX that is set to the path of your JavaFX library. If you are using Bash shell, you will do this by editing the contents of a file named .bash_profile in your user account’s home directory. If you are using Z shell, you will do this by editing the contents of a file named .zprofile in your user account’s home directory. To determine which shell you are using, perform the following steps:


  		Open the Terminal app.

		Enter the following command:




    $ echo $SHELL




  		If you see the following message, you are using Bash shell:




    /bin/bash




  		However, if you see the following message, you are using Z shell:




    /bin/zsh




  		Make a note of which shell you are using.




Bash Shell


If you are using Bash shell, perform the following steps in the Terminal app to set the PATH_TO_FX environment variable:


  		Go to your user account’s home directory. Example:




    $ cd ~




  		If you already have a .bash_profile file, you should make a backup copy. Use the cp command to copy the .bash_profile file to .bash_profile_BACKUP. Example:




    $ cp .bash_profile .bash_profile_BACKUP




  		If the .bash_profile file does not exist, you will see a message like this:




    cp: .bash_profile: No such file or directory




  		If you see a message like this, use the touch command to create an empty .bash_profile file. Example:




    $ touch .bash_profile




  		Use the open command to open the .bash_profile file in the TextEdit app. Example:




    $ open -e .bash_profile




  		This will open the .bash_profile file in a TextEdit window. Add a line such as the following to the end of the file (be sure to substitute your username and the correct name of your JavaFX directory):




    export PATH_TO_FX="/Users/katie/javafx/javafx-sdk-14.0.1/lib"




  		Press Command+S to save the file.

		Use the source command to execute the .bash_profile file. Example:




    $ source .bash_profile




Z Shell


If you are using Z shell, perform the following steps in the Terminal app to set the PATH_TO_FX environment variable:


  		Go to your user account’s home directory. Example:




    % cd ~




  		If you already have a .zprofile file, you should make a backup copy. Use the cp command to copy the .zprofile file to .zprofile_BACKUP. Example:




    % cp .zprofile .zprofile_BACKUP




  		If the .zprofile file does not exist, you will see a message like this:




    cp: .zprofile: No such file or directory




  		If you see a message like this, use the touch command to create an empty .zprofile file. Example:




    % touch .zprofile




  		Use the open command to open the .zprofile file in the TextEdit app. Example:




    % open -e .zprofile




  		This will open the .zprofile file in a TextEdit window. Add a line such as the following to the end of the file (be sure to substitute your username and the correct name of your JavaFX directory):




    export PATH_TO_FX="/Users/katie/javafx/javafx-sdk-14.0.1/lib"




  		Press Command+S to save the file.

		Use the source command to execute the .zprofile file. Example:




    % source .zprofile
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           Setting CLASSPATH under Windows


The following is an example command that can be used at the command line in Windows to set the CLASSPATH environment variable:


    set CLASSPATH=C: \mypackages;




There are no spaces before or after the = sign. In Windows, multiple pathnames stored in the variable are separated by a semicolon. This command stores two pathnames in the CLASSPATH environment variable: C: \mypackages and the . symbol, which represents the current directory. This tells Java to search two locations for packages: C: \mypackages and the current directory. Here is another example:


    set CLASSPATH=C: \mypackages;C: \project;




This command stores three pathnames in the CLASSPATH environment variable: C: \myPackages, C: \project, and the . symbol, which represents the current directory. This tells Java to search these three locations when looking for packages.


Setting CLASSPATH in macOS or Linux


The following is an example command that can be used in macOS or Linux to set the CLASSPATH environment variable.


    export CLASSPATH=/home/tsmith/mypackages:




In macOS and Linux, multiple pathnames stored in the variable are separated by a colon. This command stores two pathnames in the CLASSPATH environment variable: /home/tsmith/mypackages and the . symbol, which represents the current directory. This tells Java to search two locations for packages: /home/tsmith/mypackages and the current directory. Here is another example:


    export CLASSPATH=/home/tsmith/mypackages:/home/tsmith/project;




This command stores three pathnames in the CLASSPATH environment variable: /home/tsmith/mypackages, /home/tsmith/project, and the . symbol, which represents the current directory. This tells Java to search these three locations when looking for packages.


 

NOTE: You should always include the dot symbol, which represents the current directory, as a pathname in the CLASSPATH variable. If you do not, your programs will not run correctly.
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           Access Specifiers and Packages


So far you have learned that class members may be declared as either public or private. Members that are declared as public may be accessed by statements outside the class as well as inside the class. Members that are declared as private, however, may only be accessed by statements inside the class.


In addition to public and private, Java also allows class members to be declared with no access specifier at all. When a class member is declared with no access specifier, it is accessible by any statement within the same package. For example, consider the following scenario. Class A and class B are in the same package. The variable x is a member of class A and is declared with no access specifier. Because x is declared with no access specifier, the methods in class B have access to it (as if it were public). Statements that are outside the package, however, cannot access x. Table I-1 summarizes the effect of access specifiers, as they pertain to what you have learned so far.


     Table I-1

The effect of access specifiers

		Access Attribute		Description

		No attribute		May be applied to classes and class members (variables or methods). This makes a class or class member accessible within the package.

		public		May be applied to classes and class members (variables or methods). This makes a class or class member accessible to all statements in the program (inside or outside the package).

		private		May only be applied to member variables and member methods. A private variable or method is only accessible by statements in the same class.






The Standard Java Packages


The standard Java classes that make up the API are organized into packages. Table I-2 lists a few of them.


     Table I-2

A few of the standard Java packages

		Package		Description

		java.io		Provides classes that perform various types of input and output.

		java.lang		Provides general classes for the Java language. This package is automatically imported.

		java.net		Provides classes for network communications.

		java.security		Provides classes that implement security features.

		java.sql		Provides classes for accessing databases using structured query language.

		java.text		Provides various classes for formatting text.

		java.util		Provides various utility classes.






To use a class from a Java package, you must have an appropriate import statement in your program. For example, you have used the Scanner class, which is in the java.util package. This class requires the following import statement:


    import java.util.Scanner;




You have also used various classes from the java.io package to perform file input and output. To import all of the classes from the java.io package, you use the following import statement:


    import java.io.*;




The java.lang package is the only package that does not require an import statement. This package contains general classes, such as String and System, that are fundamental to the Java programming language. The java.lang package is automatically imported by all Java programs.



  

