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Preface


Welcome to Starting Out with Visual Basic 2012, Sixth Edition. This book isintended for use in an introductory programming course. It is designed for stu- dents who have no prior programming background, but even experienced students will benefit from its depth of detail and the chapters covering databases, Web applications, and other advanced topics. The book is written in clear, easy-to-understand language and covers all the necessary topics of an introductory programming course. The text is rich in concise, practical, and real-world example programs, so the student not only learns how to use the various controls, constructs, and features of Visual Basic, but also learns why and when to use them.


Changes in the Sixth Edition • The book is completely updated for Visual Basic 2012—This book is designed for


use with Visual Studio 2012 and Visual Studio Express 2012 for Windows Desktop. • Introduction of the StatusStrip Control for Displaying User Messages—The


StatusStrip control is introduced in Chapter 2 as a means for displaying user mes- sages. In many situations, the StatusStrip control is more effective than a message box because it does not interrupt the user’s workflow.


• A New Sequence of VideoNotes has been added throughout the book—Beginning in Chapter 3, a new sequence of video tutorials that promote an accelerated learning experience are introduced. Each set of tutorials uses topics from the current and pre- vious chapters to build an application that integrates visual design and interaction principles. Students who wish to accelerate their learning may use these videos to summarize and apply essential topics in these chapters.


• A New Tutorial for Creating a Database—A new tutorial has been added to Chap- ter 10 showing the student how to create a database within Visual Studio, and add data to the database.


Visual Studio 2012 Express for Windows Desktop Each new copy of this book comes with Microsoft’s Visual Studio 2012 Express for Win- dows Desktop—a streamlined product that captures the best elements of Visual Studio in an ideal format for learning programming. The Express edition offers an impressive set of tools for developing and debugging Visual Basic Windows Forms applications and Web applications, applications, including those that work with databases and use SQL.


A Look at Visual Basic: Past and Present The first version of Visual Basic was introduced in 1991. Prior to its introduction, writing a GUI interface for an application was no small task. Typically, it required hundreds of lines of C code for even the simplest Hello World program. Additionally, an understand- ing of graphics, memory, and complex system calls was often necessary. Visual Basic was revolutionary because it significantly simplified this process. With Visual Basic, a programmer could visually design an application’s user interface. Visual Basic would then generate the code necessary to display and operate the interface. This allowed the programmer to spend less time writing GUI code and more time writing code to perform meaningful tasks.
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The evolution of Visual Basic from version 1 to version 6 followed a natural progression. Each new release was an improved version of the previous release, providing additional features and enhancements. Visual Basic versions offered backward compatibility, where code written in an older version was compatible with a newer version of the Visual Basic development environment.


In 2002, Microsoft released a new object-oriented software platform known as .NET. The .NET platform consists of several layers of software that sit above the operating system and provide a secure, managed environment in which programs can execute. In addition to providing a managed environment for applications to run, .NET also provided new technologies for creating Internet-based programs and programs that provide services over the Web. Along with the introduction of the .NET platform, Microsoft introduced a new version of Visual Basic known as VB .NET 2002, which allowed programmers to write desktop applications or Web applications for the .NET platform.


VB .NET was not merely a new and improved version of VB 6, however. VB .NET was a totally new programming environment, and the Visual Basic language was dramatically revised. The changes were substantial enough that programs written in earlier versions of Visual Basic were not compatible with VB .NET. Microsoft provided a utility that could be used to convert older Visual Basic applications to the new VB .NET syntax, but the results were not always perfect. Although this was frustrating for some Visual Basic developers, Microsoft reasoned the changes were necessary to ensure that Visual Basic continued to evolve as a modern, professional programming environment.


Microsoft has continued to enhance and improve Visual Basic by regularly releasing new versions. The versions, which are named after the year in which they were released, are Visual Basic 2003, Visual Basic 2005, Visual Basic 2008, Visual Basic 2010, and the most recent version, Visual Basic 2012.


This book is written for Visual Basic 2012. This version of Visual Basic includes several enhancements that make Visual Basic even more powerful as a professional program- ming system. Many of the new features are beyond the scope of this book, and are not covered. The following list summarizes some of the most significant new features of VB 2012:


• Introduction of the Async method modifier and the Await statement, for asynchro- nous programming.


• Introduction of iterators, to perform custom iterations over collections, lists, and arrays.


• A new call hierarchy window in Visual Studio that allows you to display all calls to and from a selected method, property, or constructor.


• Caller information attributes that allow you to obtain information about the caller of a method.


• You can now use the Global keyword in a Namespace statement, to define a name- space out of the project’s root namespace.


• By default, arguments are passed by value, and the ByVal modifier for a parameter is no longer required.


Organization of the Text The text teaches Visual Basic step-by-step. Each chapter covers a major set of programming topics, introduces controls and GUI elements, and builds knowledge as the student pro- gresses through the book. Although the chapters can be easily taught in their existing sequence, there is some flexibility. The following diagram suggests possible sequences of instruction.


Preface xix


Chapters 1 through 7 cover the fundamentals of program design, flow control, modular programming, and the most important Visual Basic controls. The instructor may then continue in any order with Chapters 8, 9, 10, or 12. Part of Chapter 11 relies on database concepts, so it should be covered after Chapter 10.


Brief Overview of Each Chapter


Chapter 1: Introduction to Programming and Visual Basic. This chapter provides an introduction to programming, the programming process, and Visual Basic. GUI programming and the event-driven model are explained. The components of programs, such as keywords, variables, operators, and punctuation are covered, and tools such as flowcharts and pseudocode are presented. The student gets started using the Visual Basic environment in a hands-on tutorial.


Chapter 2: Creating Applications with Visual Basic. The student starts by creat- ing a simple application that displays a graphic image. In the tutorials that follow, the stu- dent adds controls, modifies properties, and enables the application to respond to events. An introduction to the Visual Basic Help system, with a tutorial on debugging, is given.


Chapter 3: Variables and Calculations. Variables, constants, and the Visual Basic data types are introduced. The student learns to gather input and create simple arithmetic statements. The intricacies of GUI design are introduced as the student learns about grouping controls with group boxes, assigning keyboard access keys, and setting the tab order. The student is introduced to exceptions and learns to write simple exception han- dlers. Debugging techniques for locating logic errors are covered.


Chapter 4: Making Decisions. The student learns about relational operators and how to control the flow of a program with the If...Then, If...Then...Else, and If...Then...ElseIf statements. Logical operators are introduced, and the Select Case statement is covered. Important applications of these constructs are discussed, such as testing numeric values, strings, and determining if a value lies within a range, and vali- dating user input. Several string-handling functions and string methods are discussed. Radio buttons and check boxes are also introduced.


Chapter 5: Lists and Loops. This chapter begins by showing the student how to use input boxes as a quick and simple way to gather input. Next, list boxes and combo boxes are introduced. The chapter covers repetition control structures: the Do While, Do Until, and For...Next loops. Counters, accumulators, running totals, and other loop- related topics are discussed. The student also learns how to generate random numbers.


Chapter 6: Procedures and Functions. The student learns how and why to modu- larize programs with general-purpose procedures and functions. Arguments, parameters, and return values are discussed. Debugging techniques for stepping into and over proce- dures are introduced.


Chapter 7: Multiple Forms, Modules, and Menus. This chapter shows how to add multiple forms to a project and how to create a module to hold procedures and functions


Chapter 11


Chapters 1–7


Chapter 8 Chapter 9 Chapter 10 Chapter 12
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that are not associated with a specific form. It covers creating a menu system, with com- mands and submenus that the user may select from.


Chapter 8: Arrays and More. This chapter discusses both single dimension and multi- dimensional variable arrays. Many array programming techniques are presented, such as summing all the elements in an array, summing all the rows or columns in a two-dimensional array, searching an array for a specific value, sorting arrays, and using parallel arrays. The Enabled property, timer controls, and control anchoring and docking are also covered.


Chapter 9: Files, Printing, and Structures. This chapter begins by discussing how to save data to sequential text files and then read the data back into an application. The OpenFileDialog, SaveFileDialog, FontDialog, and ColorDialog controls are introduced. The PrintDocument control is discussed, with a special focus on printing reports. The chapter shows the student how to create user-defined data types with structures.


Chapter 10: Working with Databases. This chapter introduces basic database con- cepts. The student learns how to display a database table in a DataGridView control and write applications that display, sort, and update database data. The Structured Query Language (SQL) is introduced. An application that shows how to display database data in list boxes, text boxes, labels, and combo box is presented. The chapter concludes with an overview of Language Integrated Query (LINQ).


Chapter 11: Developing Web Applications. This chapter shows the student how to create ASP.NET applications that run on Web Browsers such as Internet Explorer, Chrome, Firefox, and Safari. Using Microsoft Visual Studio, or Microsoft Visual Web Developer, the student learns how to use Web server controls and Web forms to build interactive, database-driven Web applications.


Chapter 12: Classes, Collections, and Inheritance. This chapter introduces classes as a tool for creating abstract data types. The process of analyzing a problem and deter- mining its classes is discussed, and techniques for creating objects, properties, and methods are introduced. Collections are presented as structures for holding groups of objects. The Object Browser, which allows the student to see information about the classes, properties, methods, and events available to a project, is also covered. The chapter concludes by intro- ducing inheritance, and shows how to create a class that is based on an existing class.


Appendix A: Advanced User Interface Controls and Techniques. Discusses many of the more advanced controls available in Visual Basic, as well as several helpful programming techniques. This appendix also provides a summary of common user inter- face design guidelines.


Appendix B: Windows Presentation Foundation (WPF). Introduces the student to the Windows Presentation Framework (WPF), and includes a tutorial in which the student creates a simple WPF application.


Appendix C: Converting Mathematical Expressions to Programming Statements. Shows the student how to convert a mathematical expression into a Visual Basic programming statement.


Appendix D: Answers to Checkpoints. Students may test their progress by com- paring their answers to Checkpoints with the answers provided. The answers to all Checkpoints are included.


Appendix E: Glossary. Provides a glossary of the key terms presented in the text.


The following appendixes are located on the Student CD-ROM:


Appendix F: Visual Basic 2012 Function and Method Reference. Provides a reference for the functions and methods that are covered in the text. The exceptions that may be caused by these functions and methods are also listed.
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Appendix G: Binary and Random-Access Files. Describes programming techniques for creating and working with binary and random-access data files.


The following appendix is available on the Companion Website for this book at http://www.pearsonhighered.com/gaddisvb/.


Features of the Text


Concept Statements. Each major section of the text starts with a concept statement. This statement concisely summarizes the meaning of the section.


Tutorials. Each chapter has several hands-on tutorials that reinforce the chapter’s topics. Many of these tutorials involve the student in writing applications that can be applied to real-world problems.


VideoNotes. A series of online videos, developed specifically for this book, are available for viewing at http://www.pearsonhighered.com/gaddisvb/. Icons appear throughout the text alerting the student to videos about specific topics.


Checkpoints. Checkpoints are questions placed at intervals throughout each chapter. They are designed to query the student’s knowledge immediately after learning a new topic. Answers to all the Checkpoints are provided in Appendix D.


Notes. Notes are short explanations of interesting or often misunderstood points relevant to the topic being discussed.


Tips. Tips advise the student on the best techniques for approaching different program- ming problems and appear regularly throughout the text.


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


Review Questions and Exercises. In the tradition of all Gaddis texts, each chapter presents a thorough and diverse set of review questions and exercises. These include tra- ditional fill-in-the-blank, true or false, multiple choice, and short answer questions. There are also unique tools for assessing a student’s knowledge. For example, Find the Error questions ask the student to identify syntax or logic errors in brief code segments. Algorithm Workbench questions ask the student to design code segments to satisfy a given problem. There are also What Do You Think? questions that require the student to think critically and contemplate the topics presented in the chapter.


Programming Challenges. Each chapter offers a pool of programming exercises designed to solidify the student’s knowledge of the topics at hand. In most cases, the assignments present real-world problems to be solved. When applicable, these exercises also include input validation rules.


Supplements Student The following supplementary material is bundled with the book:


• Source code and files required for the chapter tutorials are available at the book’s companion website: www.pearsonhighered.com/gaddisvb. The website also con- tains Appendix F, Visual Basic 2012 Function and Method Reference, and Appendix G, Binary and Random-Access Files.


• Microsoft Visual Studio 2012 Express for Windows Desktop


VideoNote
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Instructor The following supplements are available to qualified instructors:


• Answers to all Review Questions in the text • Solutions for all Programming Challenges in the text • PowerPoint presentation slides for every chapter • Test bank • Test generation software that allows instructors to create customized tests


For information on how to access these supplements, visit the Pearson Education Instructor Resource Center at http://www.pearsonhighered.com/irc/ or send e-mail to computing@aw.com.


Online Practice and Assessment with MyProgrammingLab MyProgrammingLab is a web-based service that helps students fully grasp the logic, seman- tics, and syntax of programming. Through practice exercises and immediate, personalized feedback, MyProgrammingLab improves the programming competence of beginning stu- dents who often struggle with the basic concepts and paradigms of popular high-level pro- gramming languages. A self-study and homework tool, a MyProgrammingLab course consists of hundreds of small practice exercises organized around the structure of this text- book. For students, the system automatically detects errors in the logic and syntax of their code submissions and offers targeted hints that enable students to figure out what went wrong. For instructors, a comprehensive gradebook tracks correct and incorrect answers and stores the code inputted by students for review.


For a full demonstration, to see feedback from instructors and students, or to get started using MyProgrammingLab in your course, visit MyProgrammingLab.com.


Web Resources Self-assessment quizzes, PowerPoint slides, source code files, and glossary flashcards are avail- able on the Companion Website for Starting Out with Visual Basic 2012 at http://www. pearsonhighered.com/gaddisvb/.
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Attention Students


Installing Visual Basic To complete the tutorials and programming problems in this book, you need to install Visual Basic 2012 on your computer. When purchased new, this textbook is packaged with a Microsoft DVD that contains Visual Studio 2012 Express for Windows Desktop. Install this on your computer before starting any of the book’s tutorials.


If you plan to work through Chapter 11, you will also need to install Visual Web Devel- oper 2012 Express, which is available on the accompanying Microsoft DVD.


If your book does not have the accompanying Microsoft DVD, you can download both Visual Studio 2012 Express for Windows Destktop and Visual Web Developer 2012 Express from the following Web site:


http://www.microsoft.com/express/Downloads/


NOTE: If you are working in your school’s computer lab, there is a good chance that Microsoft Visual Studio has been installed, rather than Visual Studio Express. If this is the case, your instructor will show you how to start Visual Studio. The tutorials in this book can be completed with either Visual Studio 2012 or Visual Studio 2012 Express for Windows Desktop.


Installing the Student Sample Program Files The Student Sample Program files that accompany this book are available for download from the book's companion Web site at:


http://www.pearsonhighered.com/gaddisvb


These files are required for many of the book’s tutorials. Simply download the Student Sample Program files to a location on your hard drive where you can easily access them.
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Introduction to Programming and Visual Basic
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Microsoft Visual Basic is a powerful software development system for creating applica- tions that run on the Windows operating system. With Visual Basic, you can do the following:


• Create applications with graphical windows, dialog boxes, and menus • Create applications that work with databases • Create Web applications and applications that use Internet technologies • Create applications that display graphics


Visual Basic, which is commonly referred to as VB, is a favorite tool among professional programmers. It provides tools to visually design an application’s appearance, a modern programming language, and access to the latest Microsoft technologies. Powerful appli- cations can be created with Visual Basic in a relatively short period of time.


Before plunging into learning Visual Basic, we will review the fundamentals of computer hardware and software, and then become familiar with the Visual Studio programming environment.


1


1.1 Computer Systems: Hardware and Software


1.2 Programs and Programming Languages


1.3 More about Controls and Programming


1.4 The Programming Process


1.5 Visual Studio and Visual Studio Express (the Visual Basic Environment)
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Computer Systems: Hardware and Software


CONCEPT: Computer systems consist of similar hardware devices and hard- ware components. This section provides an overview of computer hardware and software organization.


Hardware The term hardware refers to a computer’s physical components. A computer, as we gener- ally think of it, is not an individual device, but rather 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:


1. The central processing unit (CPU) 2. Main memory 3. Secondary storage devices 4. Input devices 5. Output devices


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


1.1


Input Devices


Output Devices


Secondary Storage Devices


Central Processing Unit


Main Memory (RAM)


Figure 1-1 The organization of a computer system


1. The CPU


When a computer is performing the tasks that a program tells it to do, we say that the computer is running or executing the program. The central processing unit, or CPU, is the part of a computer that actually runs programs. The CPU is the most important component in a computer because without it, the computer could not run software.
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A program is a set of instructions that a computer’s CPU follows to perform a task. The program’s instructions are stored in the computer’s memory, and the CPU’s job is to fetch those instructions, one by one, and carry out the operations that they command. In mem- ory, the instructions are stored as a series of binary numbers. A binary number is a se- quence of 1s and 0s, such as


11011011


This number has no apparent meaning to people, but to the computer it might be an instruction to multiply two numbers or read another value from memory.


2. Main Memory


You can think of main memory as the computer’s work area. This is where the computer stores a program while the program is running, as well as the data that the program is working with. For example, suppose you are using a word processing program to write an essay for one of your classes. While you do this, both the word processing program and the essay are stored in main memory.


Main memory is commonly known as random-access memory, or RAM. It is called this because the CPU is able to quickly access data stored at any random location in RAM. RAM is usually a volatile type of memory that is used only for temporary storage while a program is running. When the computer is turned off, the contents of RAM are erased. Inside your computer, RAM is stored in microchips.


3. Secondary Storage


The most common type of secondary storage device is the disk drive. A disk drive stores data by magnetically encoding it onto a circular disk. Most computers have a disk drive mounted inside their case. External disk drives, which connect to one of the computer’s communication ports, are also available. External disk drives can be used to create backup copies of important data or to move data to another computer.


In addition to external disk drives, many types of devices have been created for copying data, and for moving it to other computers. For many years floppy disk drives were pop- ular. A floppy disk drive records data onto a small floppy disk, which can be removed from the drive. The use of floppy disk drives has declined dramatically in recent years, in favor of superior devices such as USB drives. 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. USB drives, which use flash memory to store data, are inexpensive, reliable, and small enough to be carried in your pocket.


Optical devices such as the CD (compact disc) and the DVD (digital versatile disc) are also popular for data storage. Data is not recorded magnetically on an optical disc, but is en- coded as a series of pits on the disc surface. CD and DVD drives use a laser to detect the pits and thus read the encoded data. Optical discs hold large amounts of data, and be- cause recordable CD and DVD drives are now commonplace, they are good mediums for creating backup copies of data.


4. 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, and digital camera. Disk drives and CD drives can also be con- sidered input devices because programs and data are retrieved from them and loaded into the computer’s memory.
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5. Output Devices


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


Software 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 or OS is a set of programs that manages the computer’s hardware devices and controls their processes. Windows, Mac OS, and Linux are all operating systems.


Application software refers to programs that make the computer useful to the user. These programs, which are generally called applications, 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. As you work through this book, you will develop application software using Visual Basic.


Checkpoint


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


1.2 What is main memory? What is its purpose?


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


1.4 What are the two general categories of software?


Programs and 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 enables the computer to solve a problem or perform a task. For example, suppose we want the computer to calculate someone’s gross pay—a Wage Calculator application. Figure 1-2 shows a list of things the computer should do.


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


It is helpful to think of a running computer program as a combination of states and transi- tions. Each state is represented by a snapshot (like a picture) of the computer’s memory. Using the Wage Calculator application example from Figure 1-2, the following is a memory snapshot taken when the program starts:


In Step 3, the number of hours worked by the user is stored in memory. Suppose the user enters the value 20. A new program state is created:


In Step 6, the hourly pay rate entered by the user is stored in memory. Suppose the user enters the value 25. The following memory snapshot shows the new program state:


Figure 1-2 Program steps—Wage Calculator application


1. Display a message on the screen: How many hours did you work?


2. Allow the user to enter the number of hours worked.


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


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


5. Allow the user to enter an hourly pay rate.


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


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


8. Display a message on the screen that shows the gross pay. The message must include the result of the calculation performed in Step 7.
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In Step 7, the application calculates the amount of money earned, saving it in memory. The following memory snapshot shows the new program state:


The memory snapshot produced by Step 7 represents the final program state.


Programming Languages


In order for a computer to perform instructions such as the wage calculator algorithm, the steps must be converted to a format the computer can process. As mentioned earlier, a pro- gram is stored in memory as a series of binary numbers. These numbers are known as machine language instructions. The CPU processes only instructions written in machine language. Our Wage Calculator application might look like the following at the moment when it is executed by the computer:


10101101110101000111100001101110100011110001110011010101110 etc.


The CPU interprets these binary or machine language numbers as commands. As you might imagine, the process of encoding an algorithm in machine language is tedious and difficult. Programming languages, which use words instead of numbers, were invented to ease this task. Programmers can write their applications in programming language state- ments, and then use special software called a compiler to convert the program into machine language. Names of some popular recent programming languages are shown in Table 1-1. This list is only a small sample—there are thousands of programming languages.


Table 1-1 Popular programming languages


Language Description


Visual Basic, C# Popular programming languages for building Windows and Web applications.


C, C++ Powerful advanced programming languages that emphasize flexibility and fast running times. C++ is also object-oriented.


Java Flexible and powerful programming language that runs on many different computer systems. Often used to teach object-oriented programming.


Python Simple, yet powerful programming language used for graphics and sma
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