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Overloaded constructor demonstration.

Properties provide controlled access to an object’s data.
Properties demonstration for class Time3.

Date class encapsulates day, month and year information.

Employee class encapsulates employee name, birthday and hire date.

Composition demonstration.

Illustrations
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10
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10.8

this reference used implicitly and explicitly to enable an object to
manipulate its own data and invoke its own methods. (Part 1 of 2)
this reference demonstration.

static members are accessible to all objects of a class.

static member demonstration.

const and readonly class member demonstration.

Indexers provide subscripted access to an object’s members.
Assembly TimeLibrary contains class Time3.

Simple Class Library.

Assembly TimeLibrary used from class AssemblyTest.
Class View of class Timel (Fig. 8.1) and class TimeTest (Fig. 8.2).
Object Browser when user selects Object from Timel.cs.

Object-Oriented Programming: Inheritance
Inheritance examples.

Inheritance hierarchy for university Communi tyMembers.
Portion of a Shape class hierarchy.

Point class represents an x-y coordinate pair.

PointTest class demonstrates class Point functionality.
Circle class contains an x-y coordinate and a radius.
CircleTest demonstrates class Circle functionality.
Circle2 class that inherits from class Point.

Point2 class represents an x-y coordinate pair as protected data.
Circle3 class that inherits from class Point2.
CircleTest3 demonstrates class Circle3 functionality.
Point3 class uses properties to manipulate its private data.
Circle4 class that inherits from class Point3, which does not
provide protected data.

CircleTest4 demonstrates class Circle4 functionality.
Cylinder class inherits from class Circle4 and overrides
method Area.

Testing class Cylinder.

Point4 base class contains constructors and finalizer.
Circleb5 class inherits from class Point3 and overrides a
finalizer method.

Order in which constructors and destructors are called.

Object-Oriented Programming: Polymorphism
Point class represents an x-y coordinate pair.

Circle class that inherits from class Point.

Assigning derived-class references to base-class references.
Abstract Shape base class.

Point2 class inherits from abstract class Shape.

Circle2 class that inherits from class Point2.

Cylinder2 class inherits from class Circle2.
AbstractShapesTest demonstrates polymorphism in
Point-Circle-Cylinder hierarchy.
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10.9

10.10
10.11
10.12
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12
12.1
12.2
12.3
12.4
12.5
12.6
12.7
12.8
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abstract class Employee definition.

Boss class inherits from class Employee.
CommissionWorker class inherits from class Employee.
PieceWorker class inherits from class Employee.
HourlyWorker class inherits from class Employee .
EmployeesTest class tests the Employee class hierarchy.
Interface for returning age of objects of disparate classes.
Person class implements IAge interface.

Tree class implements TAge interface.

Demonstrate polymorphism on objects of disparate classes.
IShape interface provides methods Area and Volume and
property Name.

Point3 class implements interface IShape.

Circles3 class inherits from class Point3.

Cylinder3 class inherits from class Circle3.
Interfaces2Test uses interfaces to demonstrate polymorphism
in Point-Circle-Cylinder hierarchy.

Bubble sort using delegates.

Bubble-sort Form application.

Overloading operators for complex numbers.

Using operator overloading.

Exception Handling

Exception handlers for FormatException and
DivideByZeroException.

Demonstrating that £inally blocks always execute regardless of
whether or not an exception occurs.

Exception properties and stack unwinding.
ApplicationException subclass thrown when a program
performs illegal operations on negative numbers.
SquareRootTest class thrown an exception if error occurs
when calculating the square root.

Operators checked and unchecked and the handling of
arithmetic overflow.

Graphical User Interface Concepts: Part 1
Sample Internet Explorer window with GUI components.
Some basic GUI components.

Components and controls for Windows Forms.

Common Form properties and events.

Event-handling model using delegates.

Events section of the Properties window.

Simple event-handling example using visual programming.
List of Form events.

Details of Click event.

Class Control properties and methods.

Anchoring demonstration.

Illustrations
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13.17
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Manipulating the Anchor property of a control.
Docking demonstration.

Class Control layout properties.

Label properties.

TextBox properties and events. (Part 1 of 2)
Button properties and events.

Program to display hidden text in a password box.
GroupBox properties.

Panel properties.

Creating a Panel with scrollbars.

Using GroupBoxes and Panels to arrange But tons.
CheckBox properties and events.

Using CheckBoxes to change font styles.
RadioButton properties and events.

Using RadioButtons to set message-window options.
PictureBox properties and events.

Using a PictureBox to display images.

Mouse events, delegates and event arguments.
Using the mouse to draw on a form.

Keyboard events, delegates and event arguments.
Demonstrating keyboard events .

GUI for Exercise 12.4.

GUI for Exercise 12.5.

GUI for Exercise 12.6.

Graphical User Interfaces Concepts: Part 2
Expanded and checked menus.

Visual Studio .NET Menu Designer.

MainMenu and MenuItem properties and events.

Menus for changing text font and color.

LinkLabel control in the design phase and in running program.
LinkLabel properties and events.

LinkLabels used to link to a folder, a Web page and an application.

ListBox and CheckedListBox on a form.

ListBox properties, methods and events.

String Collection Editor.

ListBox used in a program to add, remove and clear items.
CheckedListBox properties, methods and events.
CheckedListBox and ListBox used in a program to display a
user selection.

ComboBox demonstration.

ComboBox properties and events.

ComboBox used to draw a selected shape.

TreeView displaying a sample tree.

TreeView properties and events.

TreeNode properties and methods.
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14
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14.6

15
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15.4
15.5
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TreeNode Editor.

TreeView used to display directories.

ListView properties and events.

Image Collection Editor window for an ImageList component.
ListView displaying files and folders.

Tabbed pages in Visual Studio .NET.

TabControl with TabPages example.

TabPages added to a TabControl.

TabControl properties and events.

TabControl used to display various font settings.

MDI parent window and MDI child windows.

SDI and MDI forms.

MDI parent and MDI child events and properties.

Minimized and maximized child windows.

MenuItem property MdiList example.

LayoutMdi enumeration values.

MDI parent-window class.

Child class for MDI demonstration.

Class FrmInheritance, which inherits from class Form, contains
a button (Learn More).

Visual Inheritance through the Form Designer.

Class FrmVisualTest, which inherits from class
VisualForm.FrmInheritance, contains an additional button.
Custom control creation.

Programmer-defined control that displays the current time.
Custom-control creation.

Project properties dialog.

Custom control added to the ToolBox.

Custom control added to a Form.

Multithreading

Thread life cycle.

Thread-priority scheduling.

Threads sleeping and printing.

Producer and consumer threads accessing a shared object without
synchronization.

Producer and consumer threads accessing a shared object with
synchronization.

Producer and consumer threads accessing a circular buffer.

Strings, Characters and Regular Expressions
String constructors.

String indexer, Length properties and CopyTo method.
String test to determine equality.

StartsWith and EndsWi th methods.

GetHashCode method demonstration.

Searching for characters and substrings in strings.

Illustrations
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159

15.10
15.11
15.12
15.13
15.14
15.15
15.16
15.17
15.18
15.19
15.20
15.21
15.22
15.23

16
16.1
16.2
16.3
16.4
16.5
16.6
16.7
16.8
16.9
16.10
16.11
16.12
16.13
16.14
16.15
16.16
16.17
16.18
16.19
16.20
16.21
16.22
16.23
16.24
16.25
16.26
16.27

Substrings generated from strings.
Concat static method.

String methods Replace, ToLower, ToUpper, Trim and ToString.

StringBuilder class constructors.
StringBuilder size manipulation.

Append methods of StringBuilder.
StringBuilder’s AppendFormat method.
StringBuilder text insertion and removal.
StringBuilder text replacement.

Char’s static character-testing methods and case-conversion methods.
Card class.

Card dealing and shuffling simulation.

Character classes.

Regular expressions checking birthdays.

Quantifiers used regular expressions.

Validating user information using regular expressions.
Regex methods Replace and Split.

Graphics and Multimedia

System.Drawing namespace’s classes and structures.
GDI+ coordinate system. Units are measured in pixels.
Color structure static constants and their RGB values.
Color structure members .

Classes that derive from class Brush.

Color value and alpha demonstration.

ColorDialog used to change background and text color.
Font class read-only properties.

Fonts and FontStyles.

An illustration of font metrics.

FontFamily methods that return font-metric information.
FontFamily class used to obtain font-metric information.
Graphics methods that draw lines, rectangles and ovals.
Demonstration of methods that draw lines, rectangles and ellipses.
Ellipse bounded by a rectangle.

Positive and negative arc angles.

Graphics methods for drawing arcs.

Arc-method demonstration.

Graphics methods for drawing polygons.
Polygon-drawing demonstration.

Shapes drawn on a form.

Paths used to draw stars on a form.

Image resizing.

Animation of a series of images.

Container class for chess pieces.

Chess-game code.

Windows Media Player demonstration.
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18
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Illustrations

Peedy introducing himself when the window opens.
Peedy’s Pleased animation.

Peedy’s reaction when he is clicked.

Peedy flying animation.

Peedy waiting for speech input.

Peedy repeating the user’s request for Seattle-style pizza.
Peedy repeating the user’s request for anchovies as an additional topping.
Peedy recounting the order.

Peedy calculating the total.

Microsoft Agent demonstration.

GUI for Eight Queens exercise.

Files and Streams

Data hierarchy.

C#’s view of an n-byte file.

File class methods (partial list).

Directory class methods (partial list).

Testing classes File and Directory.

Regular expression used to determine file types.

Base class for GUIs in our file-processing applications.

Record for sequential-access file-processing applications.

Create and write to a sequential-access file.

Sample data for the program of Fig. 17.9.

Reading sequential-access files.

Credit-inquiry program.

Random-access file with fixed-length records.

Record for random-access file-processing applications.

Creating files for random-access file-processing applications.
Writing records to random-access files.

Reading records from random-access files sequentially.
Record-transaction class for the transaction-processor case study.
TransactionProcessorForm class runs the transaction-processor
application.

StartDialogForm class enables users to access dialog boxes
associated with various transactions.

UpdateDialogForm class enables users to update records in
transaction-processor case study.

NewDialogForm class enables users to create records in
transaction-processor case study.

DeleteDialogForm class enables users to remove records from
files in transaction-processor case study.

Inventory of a hardware store.

Extensible Markup Language (XML)
XML used to mark up an article.

article.xml displayed by Internet Explorer.
XML to mark up a business letter.
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18.4
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XML namespaces demonstration.

Default namespaces demonstration.

Tree structure for Fig. 18.1.

XmlNodeReader used to iterate through an XML document.
DOM structure of an XML document illustrated by a class .
XPathNavigator class used to navigate selected nodes.
XML document that describes various sports .

XPath expressions and descriptions.

Document Type Definition (DTD) for a business letter.

XML document referencing its associated DTD.

XML Validator validates an XML document against a DTD.
XML Validator displaying an error message.

XML document that conforms to a Microsoft Schema document.
Microsoft Schema file that contains structure to which
bookxdr .xml conforms.

XML document that conforms to W3C XML Schema.

XSD Schema document to which bookxsd.xml conforms.
Schema-validation example.

XML document that does not conform to the XSD schema of Fig. 18.19.
XML file that does not conform to the Schema in Fig. 18.17.
XML document containing book information.

XSL document that transforms sorting.xml (Fig. 18.23) into XHTML.

XSL style sheet applied to an XML document.
BizTalk terminology.
BizTalk markup using an offer Schema.

Database, SQL and ADO .NET

Relational-database structure of an Employee table.

Result set formed by selecting Department and Location data
from the Employee table.

Authors table from Books.

Data from the Authors table of Books .

Publishers table from Books.

Data from the Publishers table of Books.

AuthorISBN table from Books.

Data from AuthorISBN table in Books.

Titles table from Books.

Data from the Titles table of Books.

Table relationships in Books.

SQL query keywords.

authorID and lastName from the Authors table.

Titles with copyrights after 1999 from table Titles.

Authors from the Authors table whose last names start with D.
Authors from table Authors whose last names contain i as the
second letter.

Authors from table Authors in ascending order by 1astName.
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Illustrations

Authors from table Authors in descending order by 1lastName.
Authors from table Authors in ascending order by lastName and
by firstName.

Books from table Titles whose titles end with How to Program
in ascending order by title.

Authors from table Authors and ISBN numbers of the authors’
books, sorted in ascending order by lastName and firstName.
TitleAuthor query of Books database.

Portion of the result set produced by the query in Fig. 19.22.
Authors after an INSERT operation to add a record.

Table Authors after an UPDATE operation to change a record.

Table Authors after a DELETE operation to remove a record.
Accessing and displaying a database’s data.

Execute SQL statements on a database.

Modifying a database.

Application that writes an XML representation of a DataSet to a file.
XML document generated from DataSet in DatabaseXMLWriter.

ASP .NET, Web Forms and Web Controls

Web server/client interaction. Step 1: The GET request,

GET /books/downloads.htm HTTP/1.1.

Client interacting with Web server. Step 2: The HTTP response,
HTTP/1.1 200 OK.

Three-tier architecture.

ASPX page that displays the Web server’s time.

Code-behind file for a page that displays the Web server’s time.
HTML response when the browser requests WebTime . aspx.
Creating an ASP.NET Web Application in Visual Studio.
Visual Studio creating and linking a virtual directory for the
WebTime project folder.

Solution Explorer window for project WebTime.

Web Forms menu in the Toolbox.

Design mode of Web Form designer.

HTML mode of Web Form designer.

Code-behind file for WebForml . aspx generated by Visual Studio .NET.

GridLayout and FlowLayout illustration.

WebForm. aspx after adding two Labels and setting their properties.
Web controls commonly used in ASP.NET applications.

Web controls demonstration.

AdRotator class demonstrated on a Web form .

Code-behind file for page demonstrating the AdRotator class.
AdvertisementFile used in AdRotator example.
Validators used in a Web Form that generates possible letter
combinations from a phone number.

Code-behind file for the word-generator page.

HTML and ECMAScript sent to the client browser.
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ASPX file that presents a list of programming languages.
Code-behind file that writes cookies to the client.

ASPX page that displays book information.

Cookies being read from a client in an ASP .NET application.
HttpCookie properties.

Options supplied on an ASPX page.

Sessions are created for each user in an ASP .NET Web application.

HttpSessionState properties.

Session information displayed in a ListBox.

Session data read by an ASP .NET Web application to provide
recommendations for the user.

Guest-book application GUI.

ASPX file for the guest book application.

Code-behind file for the guest book application.

Log in Web Form.

ASCX code for the header.

Code-behind file for the log-in page of authors application.

ASPX file that allows a user to select an author from a drop-down list.

Database information input into a DataGrid .
ASPX page with tracing turned off.

Tracing enabled on a page.

Tracing information for a project.

ASP .NET and Web Services

ASMX file rendered in Internet Explorer.

Service description for a Web service.

Invoking a method of a Web service from a Web browser.
Results of invoking a Web-service method from a Web browser.
SOAP request for the HugeInteger Web service.
HugeInteger Web service.

Design view of a Web service.

Adding a Web service reference to a project.

Add Web Reference dialog.

Web services located on localhost.

Web reference selection and description.

Solution Explorer after adding a Web reference to a project.
Using the HugeInteger Web service.

Blackjack Web service.

Blackjack game that uses Blackjack Web service.

Airline reservation Web service.

Airline Web Service in design view.

ASPX file that takes reservation information.

Code-behind file for the reservation page.
TemperatureServer Web service.

Class that stores weather information about a city.

Receiving temperature and weather data from a Web service.
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Illustrations

Class that stores equation information.

Web service that generates random equations .
Returning an object from a Web-service method.
Math tutor application.

Networking: Streams-Based Sockets and Datagrams

Server portion of a client/server stream-socket connection.
Client portion of a client/server stream-socket connection.
Server-side portion of connectionless client/server computing.
Client portion of connectionless client/server computing.

Server side of client/server Tic-Tac-Toe program.

Client side of client/server Tic-Tac-Toe program.

Class Square.

English letters of the alphabet and decimal digits as expressed in
international Morse code.

Data Structures and Collections
Sample self-referential Node class definition.
Two self-referential class objects linked together.
A graphical representation of a linked list.

Definitions of classes ListNode, List and EmptyListException.

Demonstrating the linked list.

A graphical representation of the InsertAtFront operation.
A graphical representation of the InsertAtBack operation.

A graphical representation of the RemoveFromFront operation.
A graphical representation of the RemoveFromBack operation.
StackInheritance extends class List.

Using class StackInheritance.

StackComposition class encapsulates functionality of class List.
QueueInheritance extends class List .

Using inheritance to create a queue.

A graphical representation of a binary tree.

A binary search tree containing 12 values.

Definitions of TreeNode and Tree for a binary search tree.
Creating and traversing a binary tree.

A binary search tree.

Definitions of class TreeNode and Tree for manipulating
IComparable objects.

Demonstrating class Tree with IComparable objects.
Program that demonstrates class Array .

Some methods of class ArrayList.

Demomstrating the ArrayList class.

Using the Stack class .

Using the Hashtable class.
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Accessibility

Acts designed to improve Internet and computer accessibility
for people with disabilities.

We Media’s home page. (Courtesy of WeMedia, Inc.)
Enlarging icons using the Customize feature.

Enlarged icons in the development window.

Text Editor before modifying the font size.

Enlarging text in the Options window.

Text Editor after the font size is modified.

Adding tabs to the Toolbox.

Shortcut key creation.

Removing tabs from Visual Studio environment.

Console windows with tabs and without tabs.

Properties of class Control related to accessibility.
Application with accessibility features.

XHTML table without accessibility modifications.

Table optimized for screen reading, using attribute headers.
Home page written in VoiceXML.

Publication page of Deitel and Associates’ VoiceXML page.
VoiceXML tags.

Hello World CallXML example. (Courtesy of Voxeo, © Voxeo
Corporation 2000-2001.)

CalIXML example that reads three ISBN values. (Courtesy of Voxeo,
© Voxeo Corporation 2000-2001.)

CallXML elements.

Display Settings dialog.

Accessibility Wizard initialization options.

Scroll Bar and Window Border Size dialog.

Adjusting window-element sizes.

Display Color Settings options.

Accessibility Wizard mouse cursor adjustment tool.
SoundSentry dialog.

ShowSounds dialog.

StickyKeys window.

BounceKeys dialog.
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Preface

Live in fragments no longer. Only connect.
Edward Morgan Forster

We wove a web in childhood,
A web of sunny air.
Charlotte Bronté

Welcome to C# and the world of Windows, Internet and World-Wide-Web programming
with Visual Studio and the .NET platform! This book is the second in our new .NET How
to Program series, which presents various leading-edge computing technologies in the con-
text of the .NET platform.

C# is the next phase in the evolution of C and C++ and was developed expressly for
Microsoft’s .NET platform. C# provides the features that are most important to program-
mers, such as object-oriented programming, strings, graphics, graphical-user-interface
(GUI) components, exception handling, multithreading, multimedia (audio, images, ani-
mation and video), file processing, prepackaged data structures, database processing,
Internet and World-Wide-Web-based client/server networking and distributed computing.
The language is appropriate for implementing Internet- and World-Wide-Web-based appli-
cations that seamlessly integrate with PC-based applications.

The .NET platform offers powerful capabilities for software development and deploy-
ment, including independence from a specific language or platform. Rather than requiring
developers to learn a new programming language, programmers can contribute to the same
software project, but write code using any (or several) of the .NET languages (such as C#,
Visual Basic .NET, Visual C++ .NET and others) with which they are most competent. In
addition to providing language independence, .NET extends program portability by
enabling .NET applications to reside on, and communicate across, multiple platforms—
thus facilitating the delivery of Web services over the Internet. The .NET platform enables
Web-based applications to be distributed to consumer-electronic devices, such as cell
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phones and personal digital assistants, as well as to desktop computers. The capabilities that
Microsoft has incorporated into the .NET platform create a new software-development par-
adigm that will increase programmer productivity and decrease development time.

New Features in C# How to Program

This edition contains many new features and enhancements, including:

*  Full-Color Presentation. This book is now in full color. Full color enables readers
to see sample outputs as they would appear on a color monitor. Also, we now syn-
tax color the C# code, similar to the way Visual Studio .NET colors the code in its
editor window. Our syntax-coloring conventions are as follows:

keywords appear in dark blue

text, class, method and variable names appear in black
errors and ASP .NET directives appear in red

*  “Code Washing.” This is our term for the process we use to format the programs
in the book so that they have a carefully commented, open layout. The code ap-
pears in full color and is grouped into small, well-documented pieces. This greatly
improves code readability—an especially important goal for us, considering that
this book contains approximately 23,500 lines of code.

*  Web Services and ASP .NET. Microsoft’s .NET strategy embraces the Internet
and Web as integral to the software development and deployment processes. Web
services—a key technology in this strategy—enables information sharing, com-
merce and other interactions using standard Internet protocols and technologies,
such as Hypertext Transfer Protocol (HTTP), Simple Object Access Protocol
(SOAP) and Extensible Markup Language (XML). Web services enable program-
mers to package application functionality in a form that turns the Web into a li-
brary of reusable software components. In Chapter 21, ASP .NET and Web
Services, we present a Web service that allows users to make airline seat reserva-
tions. In this example, a user accesses a Web page, chooses a seating option and
submits the page to the Web server. The page then calls a Web service that checks
seat availability. We also present information related to Web services in Appendix
P, Crystal Reports® for Visual Studio® .NET, which discusses popular reporting
software for database-intensive applications. Crystal Reports, which is integrated
into Visual Studio .NET, provides the ability to expose a report as a Web service.
The appendix provides introductory information and directs readers to a walk-
through of this process on the Crystal Decisions Web site (www.crystalde-
cisions.com/net).

*  Web Forms, Web Controls and ASP .NET. Application developers must be able
to create robust, scalable Web-based applications. The .NET platform architecture
supports such applications. Microsoft’s .NET server-side technology, Active
Server Pages (ASP) .NET, allows programmers to build Web documents that re-
spond to client requests. To enable interactive Web pages, server-side programs
process information users input into HTML forms. ASP .NET is a significant de-
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parture from previous versions of ASP, allowing developers to program Web-
based applications using the powerful object-oriented languages of .NET. ASP
.NET also provides enhanced visual programming capabilities, similar to those
used in building Windows forms for desktop programs. Programmers can create
Web pages visually, by dragging and dropping Web controls onto Web forms.
Chapter 20, ASP .NET, Web Forms and Web Controls, introduces these powerful
technologies.

Object-Oriented Programming. Object-oriented programming is the most widely
employed technique for developing robust, reusable software, and C# offers en-
hanced object-oriented programming features. This text offers a rich presentation
of object-oriented programming. Chapter 8, Object-Based Programming, intro-
duces how to create classes and objects. These concepts are extended in Chapter
9, Object-Oriented Programming: Inheritance, which discusses how programmers
can create new classes that “absorb” the capabilities of existing classes. Chapter
10, Object-Oriented Programming: Polymorphism, familiarizes the reader with
the crucial concepts of polymorphism, abstract classes, concrete classes and inter-
faces, which facilitate powerful manipulations among objects belonging to an in-
heritance hierarchy.

XML. Use of Extensible Markup Language (XML) is exploding in the software-
development industry, the e-business and e-commerce communities, and is perva-
sive throughout the .NET platform. Because XML is a platform-independent tech-
nology for describing data and for creating markup languages, XML’s data
portability integrates well with C#’s portable applications and services. Chapter
18, Extensible Markup Language (XML), introduces XML. In this chapter, we in-
troduce basic XML markup and discuss the technologies such as DTDs and Sche-
ma, which are used to validate XML documents’ contents. We also explain how
to programmatically manipulate XML documents using the Document Object
Model (DOM™) and how to transform XML documents into other types of doc-
uments via Extensible Stylesheet Language Transformations (XSLT).

Multithreading. Computers enable us to perform many tasks in parallel (or con-
currently), such as printing documents, downloading files from a network and
surfing the Web. Multithreading is the technology through which programmers
can develop applications that perform concurrent tasks. Historically, a computer
has contained a single, expensive processor, which its operating system would
share among all applications. Today, processors are becoming so inexpensive that
itis possible to build affordable computers that contain many processors that work
in parallel—such computers are called multiprocessors. Multithreading is effec-
tive on both single-processor and multiprocessor systems. C#’s multithreading ca-
pabilities make the platform and its related technologies better prepared to deal
with today’s sophisticated multimedia-intensive, database-intensive, network-
based, multiprocessor-based distributed applications. Chapter 14, Multithreading,
provides a detailed discussion of multithreading.

ADO .NET. Databases store vast amounts of information that individuals and or-
ganizations must access to conduct business. As an evolution of Microsoft's Ac-
tiveX Data Objects (ADO), ADO .NET represents a new approach for building
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applications that interact with databases. ADO .NET uses XML and an enhanced
object model to provide developers with the tools they need to access and manip-
ulate databases for large-scale, extensible, mission-critical multi-tier applications.
Chapter 19, Database, SQL and ADO .NET, details the capabilities of ADO .NET
and the Structured Query Language (SQL) to manipulate databases.

*  Visual Studio .NET Debugger. Debuggers are programs that help programmers
find and correct logic errors in program code. Visual Studio .NET contains a pow-
erful debugging tool that allows programmers to analyze their programs line-by-
line as those programs execute. In Appendix D, Visual Studio .NET Debugger, we
explain how to use key debugger features, such as setting breakpoints and “watch-
es,” stepping into and out of procedures, and examining the procedure call stack.

*  COM (Component Object Model) Integration. Prior to the introduction of .NET,
many organizations spent tremendous amounts of time and money creating reus-
able software components called COM components, which include ActiveX®
controls and ActiveX DLLs (dynamic link libraries) for Windows applications. In
Appendix H, COM Integration, we discuss some of the tools available in Visual
Studio .NET for integrating these legacy components into .NET applications. This
integration allows programmers to use existing sets of COM-based controls with
.NET components.

* XML Documentation. Documenting program code is crucial for software devel-
opment, because different programmers often work on an application during the
software’s lifecycle, which usually includes multiple versions and can span many
years. If programmers document software code and methods, other programmers
working on the application can learn and understand the logic underlying the code,
thus saving time and avoiding misunderstandings. To automate documenting pro-
grams, Visual Studio .NET provides an XML tool for C# programmers. Appendix
E, XML Documentation, explains how a programmer can insert comments in the
code, which produces a separate file providing the code documentation.

*  Career Opportunities. Appendix C, Career Opportunities, introduces career ser-
vices available on the Internet. We explore online career services from both the
employer’s and employee’s perspectives. We list many Web sites at which you
can submit applications, search for jobs and review applicants (if you are interest-
ed in hiring someone). We also review services that build recruiting pages directly
into e-businesses. One of our reviewers told us that he had used the Internet as a
primary tool in a recent job search, and that this appendix would have helped him
expand his search dramatically.

*  Unicode. As computer systems evolved worldwide, computer vendors developed
numeric representations of character sets and special symbols for the local lan-
guages spoken in different countries. In some cases, different representations were
developed for the same languages. Such disparate character sets hindered commu-
nication among computer systems. C# supports the Unicode Standard (main-
tained by a non-profit organization called the Unicode Consortium), which
maintains a single character set that specifies unique numeric values for characters
and special symbols in most of the world’s languages. Appendix G, Unicode, dis-
cusses the standard, overviews the Unicode Consortium Web site (www.uni-
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code.org) and presents a C# application that displays “Welcome to Unicode!”
in several languages.

e XHTML. The World Wide Web Consortium (W3C) has declared HTML to be a
legacy technology that will undergo no further development. HTML is being re-
placed by the Extensible Hypertext Markup Language (XHTML)—an XML-
based technology that is rapidly becoming the standard for describing Web con-
tent. We use XHTML in Chapter 18, Extensible Markup Language (XML), and
offer an introduction to the technology in Appendix K, Introduction to XHTML.:
Part 1, and Appendix L, Introduction to XHTML: Part 2. These appendices over-
view headers, images, lists, image maps and other features of this emerging mark-
up language. (We also present a treatment of HTML in Appendices I and J,
because ASP .NET, used in Chapters 20 and 21, generates HTML content).

*  Accessibility. Although the World Wide Web has become an important part of
many people’s lives, the medium currently presents many challenges to people
with disabilities. Individuals with hearing and visual impairments, in particular,
have difficulty accessing multimedia-rich Web sites. In an attempt to improve this
situation, the World Wide Web Consortium (W3C) launched the Web Accessibil-
ity Initiative (WAI), which provides guidelines for making Web sites accessible
to people with disabilities. Chapter 24, Accessibility, describes these guidelines
and highlights various products and services designed to improve the Web-brows-
ing experiences of individuals with disabilities. For example, the chapter introduc-
es VoiceXML and CallXML—two XML-based technologies for increasing the
accessibility of Web-based content for people with visual impairments.

*  Bit Manipulation. Computers work with data in the form of binary digits, or bits,
which can assume the values 1 or 0. Computer circuitry performs various simple
bit manipulations, such as examining the value of a bit, setting the value of a bit
and reversing a bit (from 1 to 0 or from O to 1). Operating systems, test-equipment,
networking software and many other kinds of software require that programs com-
municate “directly with the hardware” by using bit manipulation. Appendix O, Bit
Manipulation, overviews the bit manipulation capabilities that the .NET Frame-
work provides.

Some Notes to Instructors

Students Enjoy Learning a Leading-Edge Language

Dr. Harvey M. Deitel taught introductory programming courses in universities for 20 years
with an emphasis on developing clearly written, well-designed programs. Much of what is
taught in such courses represents the basic principles of programming, concentrating on the
effective use of data types, control structures, arrays and functions. Our experience has
been that students handle the material in this book in about the same way that they handle
other introductory and intermediate programming courses. There is one noticeable differ-
ence, though: Students are highly motivated by the fact that they are learning a leading-
edge language, C#, and a leading-edge programming paradigm (object-oriented program-
ming) that will be immediately useful to them as they enter the business world. This in-
creases their enthusiasm for the material—which is essential when you consider that there
is much more to learn in a C# course now that students must master both the base language
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and substantial class libraries as well. Although C# is a new language that may require pro-
grammers to revamp their skills, programmers will be motivated to do so because of the
powerful range of capabilities that Microsoft is offering in its .NET initiative.

A World of Object Orientation

In the late 1990s, universities were still emphasizing procedural programming. The lead-
ing-edge courses were using object-oriented C++, but these courses generally mixed a sub-
stantial amount of procedural programming with object-oriented programming—
something that C++ lets programmers do. Many instructors now are emphasizing a pure ob-
ject-oriented programming approach. This book—the first edition of C# How to Program
and the second text in our .NET series—takes a predominantly object-oriented approach
because of the object orientation provided in C#.

Focus of the Book

Our goal was clear: Produce a C# textbook for introductory university-level courses in
computer programming aimed at students with little or no programming experience, yet of-
fer the depth and the rigorous treatment of theory and practice demanded by both profes-
sionals and students in traditional, upper-level programming courses. To meet these
objectives, we produced a comprehensive book that patiently teaches the principles of com-
puter programming and of the C# language, including control structures, object-oriented
programming, C# class libraries, graphical-user-interface concepts, event-driven program-
ming and more. After mastering the material in this book, students will be well-prepared to
program in C# and to employ the capabilities of the .NET platform.

Multimedia-Intensive Communications

People want to communicate. Sure, they have been communicating since the dawn of civili-
zation, but the potential for information exchange has increased dramatically with the evolu-
tion of various technologies. Until recently, even computer communications were limited
mostly to digits, alphabetic characters and special characters. The current wave of communi-
cation technology involves the distribution of multimedia—people enjoy using applications
that transmit color pictures, animations, voices, audio clips and even full-motion color video
over the Internet. At some point, we will insist on three-dimensional, moving-image transmis-
sion.

There have been predictions that the Internet will eventually replace radio and televi-
sion as we know them today. Similarly, it is not hard to imagine newspapers, magazines
and books delivered to “the palm of your hand” (or even to special eyeglasses) via wireless
communications. Many newspapers and magazines already offer Web-based versions, and
some of these services have spread to the wireless world. When cellular phones were first
introduced, they were large and cumbersome. Today, they are small devices that fit in our
pockets, and many are Internet-enabled. Given the current rate of advancement, wireless
technology soon could offer enhanced streaming-video and graphics-packed services, such
as video conference calls and high-power, multi-player video games.

Teaching Approach

C# How to Program contains a rich collection of examples, exercises and projects drawn
from many fields and designed to provide students with a chance to solve interesting, real-
world problems. The code examples in this text have been tested on Windows 2000 and
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Windows XP. The book concentrates on the principles of good software engineering, and
stresses program clarity. We are educators who teach edge-of-the-practice topics in indus-
try classrooms worldwide. We avoid arcane terminology and syntax specifications in favor
of teaching by example. The text emphasizes good pedagogy.]

LIvE-CODE™ Teaching Approach

C# How to Program is loaded with numerous LIVE-CODE™ examples. This style exemplifies
the way we teach and write about programming and is the focus of our multimedia Cyber
Classrooms and Web-based training courses. Each new concept is presented in the context of
a complete, working example that is immediately followed by one or more windows showing
the program’s input/output dialog. We call this method of teaching and writing the LIVE-
CODE™ Approach. We use programming languages to teach programming languages.
Reading the examples in the text is much like entering and running them on a computer.

World Wide Web Access
All of the examples for C# How to Program (and our other publications) are available on
the Internet as downloads from the following Web sites:

www.deitel.com
www.prenhall.com/deitel

Registration is quick and easy and these downloads are free. We suggest downloading all
the examples, then running each program as you read the corresponding text. Make changes
to the examples and immediately see the effects of those changes—a great way to learn pro-
gramming. Each set of instructions assumes that the user is running Windows 2000 or Win-
dows XP and is using Microsoft’s Internet Information Services (IIS). Additional setup
instructions for Web servers and other software can be found at our Web sites along with
the examples. [Note: This is copyrighted material. Feel free to use it as you study, but you
may not republish any portion of it in any form without explicit permission from Prentice
Hall and the authors.]

Visual Studio .NET, which includes C#, can be purchased and downloaded from
Microsoft. Three different versions of Visual Studio .NET are available—Enterprise, Pro-
fessional and Academic. Visit developerstore.com/devstore/ for more details
and to order. If you are a member of the Microsoft Developer Network, visit
msdn.microsoft.com/default.asp.

Objectives

Each chapter begins with objectives that inform students of what to expect and give them an
opportunity, after reading the chapter, to determine whether they have met the intended goals.
The objectives serve as confidence builders and as a source of positive reinforcement.

Quotations
The chapter objectives are followed by sets of quotations. Some are humorous, some are
philosophical and some offer interesting insights. We have found that students enjoy relat-

1. We use fonts to distinguish between Visual Studio .NET’s Integrated Development Environment
(IDE) features (such as menu names and menu items) and other elements that appear in the IDE.
Our convention is to emphasize IDE features in a sans-serif bold Helvetica font (e.g., Project
menu) and to emphasize program text in a serif bold Courier font (e.g., bool x = true;).
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ing the quotations to the chapter material. Many of the quotations are worth a “second look”
after you read each chapter.

Outline

The chapter outline enables students to approach the material in top-down fashion. Along
with the chapter objectives, the outline helps students anticipate future topics and set a com-
fortable and effective learning pace.

Approximately 23,500 Lines of Code in 204 Example Programs (with Program Outputs)
We present C# features in the context of complete, working C# programs. The programs
range in size from just a few lines of code to substantial examples containing several hundred
lines of code. All examples are available on the CD that accompanies the book or as down-
loads from our Web site, www.deitel.com.

607 Illustrations/Figures

An abundance of charts, line drawings and program outputs is included. The discussion of
control structures, for example, features carefully drawn flowcharts. [Note: We do not
teach flowcharting as a program-development tool, but we do use a brief, flowchart-orient-
ed presentation to explain the precise operation of each C# control structure.]

509 Programming Tips

We have included programming tips to help students focus on important aspects of program
development. We highlight hundreds of these tips in the form of Good Programming Prac-
tices, Common Programming Errors, Testing and Debugging Tips, Performance Tips,
Portability Tips, Software Engineering Observations and Look-and-Feel Observations.
These tips and practices represent the best the authors have gleaned from a combined seven
decades of programming and teaching experience. One of our students—a mathematics
major—told us that she feels this approach is like the highlighting of axioms, theorems and
corollaries in mathematics books; it provides a foundation on which to build good software.

91 Good Programming Practices

@ Good Programming Practices are tips that call attention to techniques that will help students

produce better programs. When we teach introductory courses to nonprogrammers, we state
that the “buzzword” for each course is “clarity,” and we tell the students that we will high-
light (in these Good Programming Practices) techniques for writing programs that are clear-
er, more understandable and more maintainable.

165 Common Programming Errors

@ Students learning a language—especially in their first programming course—tend to make

certain kinds of errors frequently. Pointing out these Common Programming Errors reduces
the likelihood that students will make the same mistakes. It also shortens long lines outside
instructors’ offices during office hours!

% When we first designed this “tip type,” we thought the tips would contain suggestions strictly
for exposing bugs and removing them from programs. In fact, many of the tips describe as-
pects of C# that prevent “bugs” from getting into programs in the first place, thus simplifying
the testing and debugging process.
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57 Performance Tips

__—‘@ In our experience, teaching students to write clear and understandable programs is by far
2 the most important goal for a first programming course. But students want to write programs

that run the fastest, use the least memory, require the smallest number of keystrokes or dazzle
in other ways. Students really care about performance and they want to know what they can
do to “turbo charge” their programs. We have included 57 Performance Tips that highlight
opportunities for improving program performance—making programs run faster or minimiz-
ing the amount of memory that they occupy.

@ We include Portability Tips to help students write portable code and to provide insights on
how C# achieves its high degree of portability.

8y The object-oriented programming paradigm necessitates a complete rethinking of the way

= we build software systems. C# is an effective language for achieving good software engineer-
ing. The Software Engineering Observations highlight architectural and design issues that
affect the construction of software systems, especially large-scale systems. Much of what the
student learns here will be useful in upper-level courses and in industry as the student begins
to work with large, complex real-world systems.

kB We provide Look-and-Feel Observations to highlight graphical-user-interface conventions.
2 These observations help students design attractive, user-friendly graphical user interfaces
that conform to industry norms.

Summary (1277 Summary bullets)

Each chapter ends with additional pedagogical devices. We present a thorough, bullet-list-
style summary of the chapter. On average, there are 39 summary bullets per chapter. This
helps the students review and reinforce key concepts.

Terminology (2932 Terms)

We include an alphabetized list of the important terms defined in the chapter in a Terminol-
ogy section. Again, this serves as further reinforcement. On average, there are 89 terms per
chapter. Each term also appears in the index, so the student can locate terms and definitions
quickly.

693 Self-Review Exercises and Answers (Count Includes Separate Parts)

Extensive self-review exercises and answers are included for self-study. These questions
and answers give the student a chance to build confidence with the material and prepare for
the regular exercises. Students should be encouraged to attempt all the self-review exercis-
es and check their answers.

367 Exercises (Solutions in Instructor’s Manual; Count Includes Separate Parts)

Each chapter concludes with a substantial set of exercises that involve simple recall of im-
portant terminology and concepts; writing individual C# statements; writing small portions
of C# methods and classes; writing complete C# methods, classes and applications; and
writing major projects. These exercises cover a wide variety of topics, enabling instructors
to tailor their courses to the unique needs of their audiences and to vary course assignments
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each semester. Instructors can use the exercises to form homework assignments, short quiz-
zes and major examinations. The solutions for the exercises are included in the Instructor’s
Manual and on the disks available only to instructors through their Prentice-Hall represen-
tatives. [NOTE: Please do not write to us requesting the instructor’s manual. Distri-
bution of this publication is strictly limited to college professors teaching from the
book. Instructors may obtain the solutions manual from their regular Prentice Hall
representatives. We regret that we cannot provide the solutions to professionals.] So-
lutions to approximately half the exercises are included on the C# Multimedia Cyber Class-
room CD-ROM (available in April 2002 at www.InformIT.com/
cyberclassrooms; also see the last few pages of this book or visit www.dei-
tel. com for ordering instructions). Also available in April 2002 is the boxed product, The
Complete C# Training Course, which includes both our textbook, C# How to Program and
the C# Multimedia Cyber Classroom. All of our Complete Training Course products are
available at bookstores and online booksellers, including www . InformIT. com.

Approximately 5,420 Index Entries (with approximately 6,450 Page References)

We have included an extensive Index at the back of the book. Using this resource, students
can search for any term or concept by keyword. The Index is especially useful to practicing
programmers who use the book as a reference. Each of the 2932 terms in the Terminology
sections appears in the Index (along with many more index items from each chapter). Stu-
dents can use the index in conjunction with the Terminology sections to ensure that they
have covered the key material in each chapter.

“Double Indexing” of All C# LIVE-CODE™ Examples

C# How to Program has 204 LIVE-CODE™ examples, which we have “double indexed.”
For every C# source-code program in the book, we took the file name with the . cs exten-
sion, such as ChessGame . cs, and indexed it both alphabetically (in this case, under “C”)
and as a subindex item under “Examples.” This makes it easier to find examples using par-
ticular features.

C# Multimedia Cyber Classroom and The Complete C# Training
Course,

We have prepared an interactive, CD-ROM-based, software version of C# How to Pro-
gram, called the C# Multimedia Cyber Classroom. This resource is loaded with e-Learning
features that are ideal for both learning and reference. The Cyber Classroom is packaged
with the textbook at a discount in The Complete C# Training Course. If you already have
the book and would like to purchase the C# Multimedia Cyber Classroom separately, please
visit www.InformIT.com/cyberclassrooms. The ISBN number for the C# Mul-
timedia Cyber Classroom is 0-13-064587-7. All Deitel™ Cyber Classrooms are available
in CD-ROM and Web-based training formats.

The CD provides an introduction in which the authors overview the Cyber Class-
room’s features. The textbook’s 204 LIVE-CODE™ example C# programs truly “come
alive” in the Cyber Classroom. If you are viewing a program and want to execute it, you
simply click the lightning-bolt icon, and the program will run. You immediately will see—
and hear, when working with audio-based multimedia programs—the program’s outputs.
If you want to modify a program and see the effects of your changes, simply click the
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floppy-disk icon that causes the source code to be “lifted off” the CD and “dropped into”
one of your own directories so you can edit the text, recompile the program and try out your
new version. Click the audio icon, and one of the authors will discuss the program and
“walk you through” the code.

The Cyber Classroom also provides navigational aids, including extensive hyper-
linking. The Cyber Classroom is browser based, so it remembers sections that you have vis-
ited recently and allows you to move forward or backward among these sections. The
thousands of index entries are hyperlinked to their text occurrences. Furthermore, when
you key in a term using the “find” feature, the Cyber Classroom will locate occurrences of
that term throughout the text. The Table of Contents entries are “hot,” so clicking a chapter
name takes you immediately to that chapter.

Students like the fact that solutions to approximately half the exercises in the book are
included with the Cyber Classroom. Studying and running these extra programs is a great
way for students to enhance their learning experience.

Students and professional users of our Cyber Classrooms tell us that they like the inter-
activity and that the Cyber Classroom is an effective reference due to its extensive hyper-
linking and other navigational features. We received an e-mail from a person who said that
he lives “in the boonies” and cannot take a live course at a university, so the Cyber Class-
room provided an ideal solution to his educational needs.

Professors tell us that their students enjoy using the Cyber Classroom and spend more
time on the courses and master more of the material than in textbook-only courses. For a
complete list of the available and forthcoming Cyber Classrooms and Complete Training
Courses, see the Deitel™ Series page at the beginning of this book, the product listing and
ordering information at the end of this book or visit www.deitel.com, www.pren-
hall.com/deitel and www.InformIT.com/deitel.

Deitel e-Learning Initiatives

e-Books and Support for Wireless Devices

Wireless devices will play an enormous role in the future of the Internet. Given recent band-
width enhancements and the emergence of 2.5 and 3G technologies, it is projected that,
within two years, more people will access the Internet through wireless devices than
through desktop computers. Deitel & Associates, Inc., is committed to wireless accessibil-
ity and has recently published Wireless Internet & Mobile Business How to Program. To
fulfill the needs of a wide range of customers, we currently are developing our content both
in traditional print formats and in newly developed electronic formats, such as e-books so
that students and professors can access content virtually anytime, anywhere. Visit
www.deitel. com for periodic updates on this initiative.

e-Matter

Deitel & Associates, Inc., is partnering with Prentice Hall’s parent company, Pearson PLC,
and its information technology Web site, InformIT.com, to launch the Deitel e-Matter
series at wwow . InformIT.com/deitel. This series will provide professors, students
and professionals with an additional source of information on specific programming topics.
e-Matter consists of stand-alone sections taken from published texts, forthcoming texts or
pieces written during the Deitel research-and-development process. Developing e-Matter
based on pre-publication books allows us to offer significant amounts of the material to ear-
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ly adopters for use in courses. Some possible C# e-Matter titles we are considering include
Object-Based Programming and Object-Oriented Programming in C#, Graphical User In-
terface Programming in C#; Multithreading in C#;, ASP .NET and Web Forms: A C# View;
and ASP .NET and Web Services: A C# View.

Course Management Systems: WebCT, Blackboard, and CourseCompass

We are working with Prentice Hall to integrate our How to Program Series courseware into
three Course Management Systems: WebCT, Blackboard™ and CourseCompass. These
Course Management Systems enable instructors to create, manage and use sophisticated
Web-based educational programs. Course Management System features include course cus-
tomization (such as posting contact information, policies, syllabi, announcements, assign-
ments, grades, performance evaluations and progress tracking), class and student
management tools, a gradebook, reporting tools, communication tools (such as chat rooms),
a whiteboard, document sharing, bulletin boards and more. Instructors can use these products
to communicate with their students, create online quizzes and tests from questions directly
linked to the text and automatically grade and track test results. For more information about
these upcoming products, visit www.deitel.com/whatsnew.html. For demonstra-
tions of existing WebCT, Blackboard and CourseCompass courses, Visit
cms.pren_hall. com/WebCT, cms .prenhall.com/Blackboard and
cms .prenhall.com/CourseCompass, respectively.

Deitel and InformIT Newsletters

Deitel Column in the InformIT Newsletters

Deitel & Associates, Inc., contributes a weekly column to the popular InformIT newsletter,
currently subscribed to by more than 800,000 IT professionals worldwide. For opt-in reg-
istration, visit www.InformIT. com.

Deitel Newsletter

Our own free, opt-in newsletter includes commentary on industry trends and developments,
links to articles and resources from our published books and upcoming publications, infor-
mation on future publications, product-release schedules and more. For opt-in registration,
visit www.deitel.com.

The Deitel .NET Series

Deitel & Associates, Inc., is making a major commitment to .NET programming through
the launch of our .NET Series. C# .NET How to Program and Visual Basic .NET How to
Program, Second Edition are the first books in this new series. We intend to follow these
books with Advanced C# How to Program and Advanced Visual Basic .NET How to Pro-
gram, which will be published in December 2002. We also plan to publish Visual C++
.NET How to Program in July 2002, followed by Advanced Visual C++ .NET How to Pro-
gram in July 2003.

Advanced C# How to Program

C# How to Program covers introductory through intermediate-level C# programming top-
ics, as well as core programming fundamentals. By contrast, our upcoming textbook Ad-
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vanced C# How to Program will be geared toward experienced C# developers. This new
book will cover enterprise-level programming topics, including: Creating multi-tier, data-
base intensive ASP .NET applications using ADO .NET and XML; constructing custom
Windows controls; developing custom Web controls; and building Windows services. The
book also will include more in-depth explanations of object-oriented programming (with
the UML), ADO .NET, XML Web services, wireless programming and security. Advanced
C# How to Program will be published in December 2002.
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Objectives

* To understand basic computer concepts.

* To learn about various programming languages.

* To become familiar with the history of the C#
programming language.

« To understand the Microsoft® .NET initiative.

 To preview the remaining chapters of the book.

Things are always at their best in their beginning.

Blaise Pascal

High thoughts must have high language.

Aristophanes

Our life is frittered away by detail...Simplify, simplify.

Henry David Thoreau

Before beginning, plan carefully....

Marcus Tullius Cicero

Look with favor upon a bold beginning.

Virgil

I think I'm beginning to learn something about it.

Auguste Renoir
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1.1 Introduction

Welcome to C#! In creating this book, we have worked hard to provide students with the
most accurate and complete information regarding the C# language, and the .NET platform.
The book is designed to be appropriate for readers at all levels, from practicing program-
mers to individuals with little or no programming experience. We hope that working with
this text will be an informative, entertaining and challenging learning experience for you.

How can one book appeal to both novices and skilled programmers? The core of this
book emphasizes the achievement of program clarity through proven techniques of struc-
tured programming, object-based programming, object-oriented programming (OOP) and
event-driven programming. Nonprogrammers learn basic skills that underlie good pro-
gramming; experienced developers receive a rigorous explanation of the language and may
improve their programming styles. Perhaps most importantly, the book presents hundreds
of complete, working C# programs and depicts their outputs. We call this the LIVE-CODE™
approach. All of the book’s examples are available on the CD-ROM that accompanies this
book and on our Web site, www.deitel.com.
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Computer use is increasing in almost every field of endeavor. In an era of steadily
rising costs, computing costs have decreased dramatically because of rapid developments
in both hardware and software technology. Computers that filled large rooms and cost mil-
lions of dollars just two decades ago now can be inscribed on the surfaces of silicon chips
smaller than a fingernail, costing perhaps a few dollars each. Silicon is one of the most
abundant materials on earth—it is an ingredient in common sand. Silicon-chip technology
has made computing so economical that hundreds of millions of general-purpose com-
puters are in use worldwide, helping people in business, industry, government and their per-
sonal lives. Given the current rate of technological development, this number could easily
double over the next few years.

In beginning to study this text, you are starting on a challenging and rewarding educa-
tional path. As you proceed, if you would like to communicate with us, please send an e-
mail to deitel@deitel.com or browse our World Wide Web sites at
www.deitel.com, www.prenhall.com/deitel and www.InformIT.com/
deitel. We hope that you enjoy learning C# through reading C# How to Program.

1.2 What Is a Computer?

A computer is a device capable of performing computations and making logical decisions at
speeds millions and even billions of times faster than those of human beings. For example,
many of today’s personal computers can perform hundreds of millions—even billions—of
additions per second. A person operating a desk calculator might require decades to com-
plete the same number of calculations that a powerful personal computer can perform in one
second. (Points to ponder: How would you know whether the person had added the numbers
correctly? How would you know whether the computer had added the numbers correctly?)
Today’s fastest supercomputers can perform hundreds of billions of additions per second—
about as many calculations as hundreds of thousands of people could perform in one year!
Trillion-instruction-per-second computers are already functioning in research laboratories!

Computers process data under the control of sets of instructions called computer pro-
grams. These programs guide computers through orderly sets of actions that are specified
by individuals known as computer programmers.

A computer is composed of various devices (such as the keyboard, screen, mouse,
disks, memory, CD-ROM and processing units) known as hardware. The programs that run
on a computer are referred to as software. Hardware costs have been declining dramatically
in recent years, to the point that personal computers have become a commodity. Software-
development costs, however, have been rising steadily, as programmers develop ever more
powerful and complex applications without being able to improve significantly the tech-
nology of software development. In this book, you will learn proven software-development
methods that can reduce software-development costs—top-down stepwise refinement,
functionalization and object-oriented programming. Object-oriented programming is
widely believed to be the significant breakthrough that can greatly enhance programmer
productivity.

1.3 Computer Organization

Virtually every computer, regardless of differences in physical appearance, can be envi-
sioned as being divided into six logical units, or sections:
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1. Input unit. This “receiving” section of the computer obtains information (data and
computer programs) from various input devices. The input unit then places this in-
formation at the disposal of the other units to facilitate the processing of the infor-
mation. Today, most users enter information into computers via keyboards and
mouse devices. Other input devices include microphones (for speaking to the
computer), scanners (for scanning images) and digital cameras (for taking photo-
graphs and making videos).

2. Output unit. This “shipping” section of the computer takes information that the
computer has processed and places it on various output devices, making the infor-
mation available for use outside the computer. Computers can output information
in various ways, including displaying the output on screens, playing it on audio/
video devices, printing it on paper or using the output to control other devices.

3. Memory unit. This is the rapid-access, relatively low-capacity “warehouse” sec-
tion of the computer, which facilitates the temporary storage of data. The memory
unit retains information that has been entered through the input unit, enabling that
information to be immediately available for processing. In addition, the unit re-
tains processed information until that information can be transmitted to output de-
vices. Often, the memory unit is called either memory or primary memory—
random access memory (RAM) is an example of primary memory. Primary mem-
ory is usually volatile, which means that it is erased when the machine is powered
off.

4. Arithmetic and logic unit (ALU). The ALU is the “manufacturing” section of the
computer. It is responsible for the performance of calculations such as addition,
subtraction, multiplication and division. It also contains decision mechanisms, al-
lowing the computer to perform such tasks as determining whether two items
stored in memory are equal.

5. Central processing unit (CPU). The CPU serves as the “administrative” section of
the computer. This is the computer’s coordinator, responsible for supervising the
operation of the other sections. The CPU alerts the input unit when information
should be read into the memory unit, instructs the ALU about when to use infor-
mation from the memory unit in calculations and tells the output unit when to send
information from the memory unit to certain output devices.

6. Secondary storage unit. This unit is the long-term, high-capacity “warehousing”
section of the computer. Secondary storage devices, such as hard drives and disks,
normally hold programs or data that other units are not actively using; the computer
then can retrieve this information when it is needed—hours, days, months or even
years later. Information in secondary storage takes much longer to access than does
information in primary memory. However, the price per unit of secondary storage
is much less than the price per unit of primary memory. Secondary storage is usu-
ally nonvolatile—it retains information even when the computer is off.

1.4 Evolution of Operating Systems

Early computers were capable of performing only one job or task at a time. In this mode of
computer operation, often called single-user batch processing, the computer runs one pro-
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gram at a time and processes data in groups called batches. Users of these early systems
typically submitted their jobs to a computer center on decks of punched cards. Often, hours
or even days elapsed before results were returned to the users’ desks.

To make computer use more convenient, software systems called operating systems
were developed. Early operating systems oversaw and managed computers’ transitions
between jobs. By minimizing the time it took for a computer operator to switch from one
job to another, the operating system increased the total amount of work, or throughput,
computers could process in a given time period.

As computers became more powerful, single-user batch processing became inefficient,
because computers spent a great deal of time waiting for slow input/output devices to com-
plete their tasks. Developers then looked to multiprogramming techniques, which enabled
many tasks to share the resources of the computer to achieve better utilization. Multipro-
gramming involves the “simultaneous” operation of many jobs on a computer that splits its
resources among those jobs. However, users of early multiprogramming operating systems
still submitted jobs on decks of punched cards and waited hours or days for results.

In the 1960s, several industry and university groups pioneered timesharing operating
systems. Timesharing is a special type of multiprogramming that allows users to access a
computer through terminals (devices with keyboards and screens). Dozens or even hun-
dreds of people can use a timesharing computer system at once. It is important to note that
the computer does not actually run all the users’ requests simultaneously. Rather, it per-
forms a small portion of one user’s job and moves on to service the next user. However,
because the computer does this so quickly, it can provide service to each user several times
per second. This gives users’ programs the appearance of running simultaneously. Time-
sharing offers major advantages over previous computing systems in that users receive
prompt responses to requests, instead of waiting long periods to obtain results.

The UNIX operating system, which is now widely used for advanced computing, origi-
nated as an experimental timesharing operating system. Dennis Ritchie and Ken Thompson
developed UNIX at Bell Laboratories beginning in the late 1960s and developed C as the lan-
guage in which they wrote it. They freely distributed the source code to other programmers
who wanted to use, modify and extend it. A large community of UNIX users quickly devel-
oped. The operating system grew as UNIX users contributed their own programs and tools.
Through a collaborative effort among numerous researchers and developers, UNIX became
a powerful and flexible operating system able to handle almost any type of task that a user
required. Many versions of UNIX have evolved, including today’s phenomenally popular
open-source Linux operating system. Typically, the source code for open-source products is
freely available over the Internet. This enables developers to learn from, validate and modify
the source code. Often, open-source products require that developers publish any enhance-
ments they make so the open-source community can continue to evolve those products.

1.5 Personal Computing, Distributed Computing and Client/
Server Computing

In 1977, Apple Computer popularized the phenomenon of personal computing. Initially, it
was a hobbyist’s dream. However, the price of computers soon dropped so far that large
numbers of people could buy them for personal or business use. In 1981, IBM, the world’s
largest computer vendor, introduced the IBM Personal Computer. Personal computing rap-
idly became legitimate in business, industry and government organizations.
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The computers first pioneered by Apple and IBM were “stand-alone” units—people did
their work on their own machines and transported disks back and forth to share information.
(This process was often called “sneakernet.”) Although early personal computers were not
powerful enough to timeshare several users, the machines could be linked together into com-
puter networks, either over telephone lines or via local area networks (LANs) within an orga-
nization. These networks led to the distributed computing phenomenon, in which an
organization’s computing is distributed over networks to the sites at which the work of the
organization is performed, instead of being performed only at a central computer installation.
Personal computers were powerful enough to handle both the computing requirements of
individual users and the basic tasks involved in the electronic transfer of information between
computers. N-tier applications split up an application over numerous distributed computers.
For example, a three-tier application might have a user interface on one computer, business-
logic processing on a second and a database on a third; all interact as the application runs.

Today’s most advanced personal computers are as powerful as the million-dollar
machines of just two decades ago. High-powered desktop machines—called worksta-
tions—provide individual users with enormous capabilities. Information is easily shared
across computer networks, in which computers called servers store programs and data that
can be used by client computers distributed throughout the network. This type of configu-
ration gave rise to the term client/server computing. Today’s popular operating systems,
such as UNIX, Solaris, MacOS, Windows 2000, Windows XP and Linux, provide the kinds
of capabilities discussed in this section.

1.6 Machine Languages, Assembly Languages and High-level
Languages

Programmers write instructions in various programming languages, some directly under-
standable by computers and others that require intermediate franslation steps. Although
hundreds of computer languages are in use today, the diverse offerings can be divided into
three general types:

1. Machine languages
2. Assembly languages
3. High-level languages

Any computer can understand only its own machine language directly. As the “natural
language” of a particular computer, machine language is defined by the computer’s hard-
ware design. Machine languages generally consist of streams of numbers (ultimately
reduced to 1s and Os) that instruct computers how to perform their most elementary opera-
tions. Machine languages are machine-dependent, which means that a particular machine
language can be used on only one type of computer. The following section of a machine-
language program, which adds overtime pay to base pay and stores the result in gross pay,
demonstrates the incomprehensibility of machine language to the human reader.

+1300042774
+1400593419
+1200274027

As the popularity of computers increased, machine-language programming proved to
be excessively slow, tedious and error prone. Instead of using the strings of numbers that
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computers could directly understand, programmers began using English-like abbreviations
to represent the elementary operations of the computer. These abbreviations formed the
basis of assembly languages. Translator programs called assemblers convert assembly lan-
guage programs to machine language at computer speeds. The following section of an
assembly-language program also adds overtime pay to base pay and stores the result in
gross pay, but presents the steps more clearly to human readers than does its machine-lan-
guage equivalent:

LOAD BASEPAY
ADD OVERPAY
STORE GROSSPAY

Such code is clearer to humans but incomprehensible to computers until translated into ma-
chine language.

Although computer use increased rapidly with the advent of assembly languages, these
languages still required many instructions to accomplish even the simplest tasks. To speed
up the programming process, high-level languages, in which single statements accomplish
substantial tasks, were developed. Translation programs called compilers convert high-
level-language programs into machine language. High-level languages enable program-
mers to write instructions that look almost like everyday English and contain common
mathematical notations. A payroll program written in a high-level language might contain
a statement such as

grossPay = basePay + overTimePay

Obviously, programmers prefer high-level languages to either machine languages or as-
sembly languages.

The compilation of a high-level language program into machine language can require
a considerable amount of time. However, this problem was solved by the development of
interpreter programs that can execute high-level language programs directly, bypassing the
compilation step. Although programs that are already compiled execute faster than inter-
preted programs, interpreters are popular in program-development environments. In these
environments, developers change programs frequently as they add new features and correct
errors. Once a program is fully developed, a compiled version can be produced so that the
program runs at maximum efficiency.

1.7 C, C++, Visual Basic .NET and Java™

As high-level languages develop, new offerings build on aspects of their predecessors. C++
evolved from C, which in turn evolved from two previous languages, BCPL and B. Martin
Richards developed BCPL in 1967 as a language for writing operating systems, software
and compilers. Ken Thompson modeled his language, B, after BCPL. In 1970, Thompson
used B to create early versions of the UNIX operating system. Both BCPL and B were
“typeless” languages, meaning that every data item occupied one “word” in memory. Using
these languages, programmers assumed responsibility for treating each data item as a whole
number or real number, for example.

The C language, which Dennis Ritchie evolved from B at Bell Laboratories, was orig-
inally implemented in 1973. Although C employs many of BCPL and B’s important con-
cepts, it also offers data typing and other features. C first gained widespread recognition as
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a development language of the UNIX operating system. However, C is now available for
most computers, and many of today’s major operating systems are written in C or C++. C
is a hardware-independent language, and, with careful design, it is possible to write C pro-
grams that are portable to most computers.

C++, an extension of C using elements from Simula 67, a simulation programming lan-
guage, was developed by Bjarne Stroustrup in the early 1980s at Bell Laboratories. C++
provides a number of features that “spruce up” the C language, but, more importantly, it
provides capabilities for object-oriented programming (OOP).

At a time when demand for new and more powerful software is soaring, the ability to
build software quickly, correctly and economically remains an elusive goal. However, this
problem can be addressed in part through the use of objects, or reusable software compo-
nents that model items in the real world (see Section 1.11). Software developers are discov-
ering that a modular, object-oriented approach to design and implementation can make
software development groups much more productive than is possible via previous popular
programming techniques, such as structured programming. Furthermore, object-oriented
programs are often easier to understand, correct and modify.

In addition to C++, many other object-oriented languages have been developed. These
include Smalltalk, which was created at Xerox's Palo Alto Research Center (PARC).
Smalltalk is a pure object-oriented language, which means that literally everything is an
object. C++ is a hybrid language—it is possible to program in a C-like style, an object-ori-
ented style or both. Although some perceive this range of options as a benefit, most pro-
grammers today believe that it is best to program in a purely object-oriented manner.

Developing Microsoft Windows-based applications in languages such as C and C++,
however, proved to be a difficult and cumbersome process. When Bill Gates founded
Microsoft Corporation, he implemented BASIC on several early personal computers.
BASIC (Beginner’s All-Purpose Symbolic Instruction Code) is a programming language
developed in the mid-1960s by Professors John Kemeny and Thomas Kurtz of Dartmouth
College as a language for writing simple programs. BASIC’s primary purpose was to famil-
iarize novices with programming techniques. The natural evolution from BASIC to Visual
Basic was introduced in 1991 as a result of the development of the Microsoft Windows
graphical user interface (GUI) in the late 1980s and the early 1990s.

Although Visual Basic is derived from the BASIC programming language, it is a dis-
tinctly different language that offers such powerful features as graphical user interfaces,
event handling, access to the Windows 32-bit Application Programming Interface (Win32
API), object-oriented programming and error handling. Visual Basic is one of the most pop-
ular event-driven, visual programming interfaces.

The latest version of Visual Basic, called Visual Basic .NETl, is designed for
Microsoft’s new programming platform, .NET. Earlier versions of Visual Basic provided
object-oriented capabilities, but Visual Basic .NET offers enhanced object orientation and
makes use of the powerful library of reusable software components in .NET.

Around the same time that Visual Basic was being developed, many individuals pro-
jected that intelligent consumer-electronic devices would be the next major market in
which microprocessors would have a profound impact. Recognizing this, Sun Microsys-
tems in 1991 funded an internal corporate research project code-named Green. The project

1. The reader interested in Visual Basic .NET may want to consider our book, Visual Basic .NET
How to Program, Second Edition.
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resulted in the development of a language based on C and C++. Although the language’s
creator, James Gosling, called it Oak (after an oak tree outside his window at Sun), it was
later discovered that a computer language called Oak already existed. When a group of Sun
employees visited a local coffee place, the name Java was suggested, and it stuck.

Unfortunately, the Green project ran into some difficulties. The marketplace for intel-
ligent consumer-electronic devices was not developing as quickly as Sun had anticipated.
Worse yet, a major contract for which Sun competed was awarded to another company. The
project was, at this point, in danger of being canceled. By sheer good fortune, the World
Wide Web exploded in popularity in 1993, and Sun saw immediate potential for using Java
to design dynamic content (i.e., animated and interactive content) for Web pages.

Sun formally announced Java at a conference in May 1995. Ordinarily, an event like
this would not generate much publicity. However, Java grabbed the immediate attention of
the business community because of the new, widespread interest in the World Wide Web.
Developers now use Java to create Web pages with dynamic content, to build large-scale
enterprise applications, to enhance the functionality of World Wide Web servers (the com-
puters that provide the content distributed to our Web browsers when we browse Web
sites), to provide applications for consumer devices (e.g., cell phones, pagers and PDAs)
and for many other purposes.

1.8 C#

The advancement of programming tools (e.g., C++ and Java) and consumer-electronic de-
vices (e.g., cell phones) created problems and new requirements. The integration of soft-
ware components from various languages proved difficult, and installation problems were
common because new versions of shared components were incompatible with old software.
Developers also discovered they needed Web-based applications that could be accessed
and used via the Internet. As a result of mobile electronic device popularity, software de-
velopers realized that their clients were no longer restricted to desktop computers. Devel-
opers recognized the need for software that was accessible to anyone and available via
almost any type of device. To address these needs, Microsoft announced its .NET (pro-
nounced “dot-net”) initiative and the C# (pronounced “C-Sharp”) programming language.

The .NET platform is one over which Web-based applications can be distributed to a
great variety of devices (even cell phones) and to desktop computers. The platform offers
a new software-development model that allows applications created in disparate program-
ming languages to communicate with each other. The C# programming language, devel-
oped at Microsoft by a team led by Anders Hejlsberg and Scott Wiltamuth, was designed
specifically for the .NET platform as a language that would enable programmers to migrate
easily to .NET. This migration is made easy due to the fact that C# has roots in C, C++ and
Java, adapting the best features of each and adding new features of its own. Because C# has
been built upon such widely used and well-developed languages, programmers will find
learning C# to be easy and enjoyable.

C# is an event-driven, fully object-oriented, visual programming language in which
programs are created using an Integrated Development Environment (IDE). With the IDE,
a programmer can create, run, test and debug C# programs conveniently, thereby reducing
the time it takes to produce a working program to a fraction of the time it would have taken
without using the IDE. The process of rapidly creating an application using an IDE is typ-
ically referred to as Rapid Application Development (RAD).
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C# also enables a new degree of language interoperability: Software components from
different languages can interact as never before. Developers can package even old software
to work with new C# programs. In addition, C# applications can interact via the Internet,
using industry standards such as the Simple Object Access Protocol (SOAP) and XML,
which we discuss in Chapter 18, Extensible Markup Language (XML). The programming
advances embodied in .NET and C# will lead to a new style of programming, in which
applications are created from building blocks available over the Internet.

1.9 Other High-level Languages

Although hundreds of high-level languages have been developed, only a few have achieved
broad acceptance. This section overviews several languages that, like BASIC, are long-
standing and popular high-level languages. IBM Corporation developed Fortran (FORmula
TRANSslator) between 1954 and 1957 to create scientific and engineering applications that
require complex mathematical computations. Fortran is still widely used.

COBOL (COmmon Business Oriented Language) was developed in 1959 by a group
of computer manufacturers in conjunction with government and industrial computer users.
COBOL is used primarily for commercial applications that require the precise and efficient
manipulation of large amounts of data. A considerable portion of today’s business software
is still programmed in COBOL. Approximately one million programmers are actively
writing in COBOL.

Pascal was designed in the late 1960s by Professor Nicklaus Wirth and was intended
for academic use. We explore Pascal in the next section.

1.10 Structured Programming

During the 1960s, many large software-development efforts encountered severe difficul-
ties. Development typically ran behind schedule, costs greatly exceeded budgets and the
finished products were unreliable. People began to realize that software development was
a far more complex activity than they had imagined. Research activity, intended to address
these issues, resulted in the evolution of structured programming—a disciplined approach
to the creation of programs that are clear, demonstrably correct and easy to modify.

One of the more tangible results of this research was the development of the Pascal
programming language in 1971. Pascal, named after the seventeenth-century mathemati-
cian and philosopher Blaise Pascal, was designed for teaching structured programming in
academic environments and rapidly became the preferred introductory programming lan-
guage in most universities. Unfortunately, because the language lacked many features
needed to make it useful in commercial, industrial and government applications, it was not
widely accepted in these environments. By contrast, C, which also arose from research on
structured programming, did not have the limitations of Pascal, and programmers quickly
adopted it.

The Ada programming language was developed under the sponsorship of the United
States Department of Defense (DOD) during the 1970s and early 1980s. Hundreds of pro-
gramming languages were being used to produce DOD’s massive command-and-control
software systems. DOD wanted a single language that would meet its needs. Pascal was
chosen as a base, but the final Ada language is quite different from Pascal. The language
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was named after Lady Ada Lovelace, daughter of the poet Lord Byron. Lady Lovelace is
generally credited with writing the world’s first computer program, in the early 1800s (for
the Analytical Engine mechanical computing device designed by Charles Babbage). One
important capability of Ada is multitasking, which allows programmers to specify that
many activities are to occur in parallel. As we will see in Chapter 14, C# offers a similar
capability, called multithreading.

1.11 Key Software Trend: Object Technology

One of the authors, HMD, remembers the great frustration felt in the 1960s by software-
development organizations, especially those developing large-scale projects. During the
summers of his undergraduate years, HMD had the privilege of working at a leading com-
puter vendor on the teams developing time-sharing, virtual-memory operating systems. It
was a great experience for a college student, but, in the summer of 1967, reality set in. The
company “decommitted” from producing as a commercial product the particular system
that hundreds of people had been working on for several years. It was difficult to get this
software right. Software is “complex stuff.”

As the benefits of structured programming (and the related disciplines of structured
systems analysis and design) were realized in the 1970s, improved software technology did
begin to appear. However, it was not until the technology of object-oriented programming
became widely used in the 1980s and 1990s that software developers finally felt they had
the necessary tools to improve the software-development process dramatically.

Actually, object technology dates back to at least the mid-1960s, but no broad-based
programming language incorporated the technology until C++. Although not strictly an
object-oriented language, C++ absorbed the capabilities of C and incorporated Simula’s
ability to create and manipulate objects. C++ was never intended for widespread use
beyond the research laboratories at AT&T, but grass-roots support rapidly developed for
the hybrid language.

What are objects, and why are they special? Object technology is a packaging scheme
that facilitates the creation of meaningful software units. These units are large and focused
on particular applications areas. There are date objects, time objects, paycheck objects,
invoice objects, audio objects, video objects, file objects, record objects and so on. In fact,
almost any noun can be reasonably represented as a software object. Objects have proper-
ties (i.e., attributes, such as color, size and weight) and perform actions (i.e., behaviors,
such as moving, sleeping or drawing). Classes represent groups of related objects. For
example, all cars belong to the “car” class, even though individual cars vary in make,
model, color and options packages. A class specifies the general format of its objects; the
properties and actions available to an object depend on its class.

We live in a world of objects. Just look around you—there are cars, planes, people, ani-
mals, buildings, traffic lights, elevators and so on. Before object-oriented languages
appeared, procedural programming languages (such as Fortran, Pascal, BASIC and C)
focused on actions (verbs) rather than things or objects (nouns). We live in a world of
objects, but earlier programming languages forced individuals to program primarily with
verbs. This paradigm shift made program writing a bit awkward. However, with the advent
of popular object-oriented languages, such as C++, Java and C#, programmers can program
in an object-oriented manner that reflects the way in which they perceive the world. This
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process, which seems more natural than procedural programming, has resulted in signifi-
cant productivity gains.

One of the key problems with procedural programming is that the program units cre-
ated do not mirror real-world entities effectively and therefore are not particularly reusable.
Programmers often write and rewrite similar software for various projects. This wastes pre-
cious time and money as people repeatedly “reinvent the wheel.” With object technology,
properly designed software entities (called objects) can be reused on future projects. Using
libraries of reusable componentry can greatly reduce the amount of effort required to imple-
ment certain kinds of systems (as compared to the effort that would be required to reinvent
these capabilities in new projects). C# programmers use the .NET Framework Class
Library (known commonly as the FCL).

Some organizations report that software reusability is not, in fact, the key benefit of
object-oriented programming. Rather, they indicate that object-oriented programming
tends to produce software that is more understandable because it is better organized and has
fewer maintenance requirements. As much as 80 percent of software costs are not associ-
ated with the original efforts to develop the software, but instead are related to the con-
tinued evolution and maintenance of that software throughout its lifetime. Object
orientation allows programmers to abstract the details of software and focus on the “big pic-
ture.” Rather than worrying about minute details, the programmer can focus on the behav-
iors and interactions of objects. A roadmap that showed every tree, house and driveway
would be difficult, if not impossible, to read. When such details are removed and only the
essential information (roads) remains, the map becomes easier to understand. In the same
way, a program that is divided into objects is easy to understand, modify and update
because it hides much of the detail. It is clear that object-oriented programming will be the
key programming methodology for at least the next decade.

' Use a building-block approach to creating programs. By using existing pieces in new
‘projects, programmers avoid reinventing the wheel. This is called software reuse, and it is
central to object-oriented programming.

[Note: We will include many of these Software Engineering Observations throughout the
text to explain concepts that affect and improve the overall architecture and quality of a
software system and, particularly, of large software systems. We will also highlight Good
Programming Practices (practices that can help you write programs that are clearer, more
understandable, more maintainable and easier to test and debug), Common Programming
Errors (problems to watch for to ensure that you do not make these same errors in your pro-
grams), Performance Tips (techniques that will help you write programs that run faster and
use less memory), Portability Tips (techniques that will help you write programs that can
run, with little or no modification, on a variety of computers), Testing and Debugging Tips
(techniques that will help you remove bugs from your programs and, more importantly,
write bug-free programs in the first place) and Look-and-Feel Observations (techniques
that will help you design the “look and feel” of your graphical user interfaces for appear-
ance and ease of use). Many of these techniques and practices are only guidelines; you will,
no doubt, develop your own preferred programming style.]

The advantage of creating your own code is that you will know exactly how it works.
The code will be yours to examine, modify and improve. The disadvantage is the time and
effort that goes into designing, developing and testing new code.
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Performance Tip 1.1

3 _J Reusing proven code components instead of writing your own versions can improve program
| performance, because these components normally are written to perform efficiently.

—

| Extensive class libraries of reusable software components are available over the Internet and
the World Wide Web; many are offered free of charge.

1.12 Hardware Trends

Every year, people generally expect to pay at least a little more for most products and ser-
vices. The opposite has been the case in the computer and communications fields, especial-
ly with regard to the costs of hardware supporting these technologies. For many decades,
and continuing into the foreseeable future, hardware costs have fallen rapidly, if not precip-
itously. Every year or two, the capacities of computers approximately double.” This is es-
pecially true in relation to the amount of memory that computers have for programs, the
amount of secondary storage (such as disk storage) computers have to hold programs and
data over longer periods of time and their processor speeds—the speeds at which computers
execute their programs (i.e., do their work). Similar improvements have occurred in the
communications field, in which costs have plummeted as enormous demand for communi-
cations bandwidth (i.e., information-carrying capacity) has attracted tremendous competi-
tion. We know of no other fields in which technology moves so quickly and costs fall so
rapidly. Such phenomenal improvement in the computing and communications fields is
truly fostering the so-called Information Revolution.

When computer use exploded in the 1960s and 1970s, many discussed the dramatic
improvements in human productivity that computing and communications would cause.
However, these improvements did not materialize. Organizations were spending vast sums
of capital on computers and employing them effectively, but without fully realizing the
expected productivity gains. The invention of microprocessor chip technology and its wide
deployment in the late 1970s and 1980s laid the groundwork for the productivity improve-
ments that individuals and businesses have achieved in recent years.

1.13 History of the Internet and World Wide Web

In the late 1960s, one of the authors (HMD) was a graduate student at MIT. His research at
MIT’s Project Mac (now the Laboratory for Computer Science—the home of the World
Wide Web Consortium) was funded by ARPA—the Advanced Research Projects Agency
of the Department of Defense. ARPA sponsored a conference at which several dozen
ARPA-funded graduate students were brought together at the University of Illinois at Ur-
bana-Champaign to meet and share ideas. During this conference, ARPA rolled out the
blueprints for networking the main computer systems of approximately a dozen ARPA-
funded universities and research institutions. The computers were to be connected with
communications lines operating at a then-stunning 56 Kbps (1 Kbps is equal to 1,024 bits
per second), at a time when most people (of the few who had access to networking technol-
ogies) were connecting over telephone lines to computers at a rate of 110 bits per second.

2. This often is called Moore’s Law.
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HMD vividly recalls the excitement at that conference. Researchers at Harvard talked about
communicating with the Univac 1108 “supercomputer,” which was located across the
country at the University of Utah, to handle calculations related to their computer graphics
research. Many other intriguing possibilities were discussed. Academic research was about
to take a giant leap forward. Shortly after this conference, ARPA proceeded to implement
what quickly became called the ARPAnet, the grandparent of today’s Internet.

Things worked out differently from the original plan. Although the ARPAnet did
enable researchers to network their computers, its chief benefit proved to be the capability
for quick and easy communication via what came to be known as electronic mail (e-mail).
This is true even on today’s Internet, with e-mail, instant messaging and file transfer facil-
itating communications among hundreds of millions of people worldwide.

The network was designed to operate without centralized control. This meant that, if a
portion of the network should fail, the remaining working portions would still be able to
route data packets from senders to receivers over alternative paths.

The protocol (i.e., set of rules) for communicating over the ARPAnet became known
as the Transmission Control Protocol (TCP). TCP ensured that messages were properly
routed from sender to receiver and that those messages arrived intact.

In parallel with the early evolution of the Internet, organizations worldwide were
implementing their own networks to facilitate both intra-organization (i.e., within the orga-
nization) and inter-organization (i.e., between organizations) communication. A huge
variety of networking hardware and software appeared. One challenge was to enable these
diverse products to communicate with each other. ARPA accomplished this by developing
the Internet Protocol (IP), which created a true “network of networks,” the current archi-
tecture of the Internet. The combined set of protocols is now commonly called TCP/IP.

Initially, use of the Internet was limited to universities and research institutions; later,
the military adopted the technology. Eventually, the government decided to allow access to
the Internet for commercial purposes. When this decision was made, there was resentment
among the research and military communities—it was felt that response times would
become poor as “the Net” became saturated with so many users.

In fact, the opposite has occurred. Businesses rapidly realized that, by making effective
use of the Internet, they could refine their operations and offer new and better services to
their clients. Companies started spending vast amounts of money to develop and enhance
their Internet presence. This generated fierce competition among communications carriers
and hardware and software suppliers to meet the increased infrastructure demand. The
result is that bandwidth (i.e., the information-carrying capacity of communications lines)
on the Internet has increased tremendously, while hardware costs have plummeted. It is
widely believed that the Internet played a significant role in the economic growth that many
industrialized nations experienced over the last decade.

The World Wide Web allows computer users to locate and view multimedia-based doc-
uments (i.e., documents with text, graphics, animations, audios and/or videos) on almost
any subject. Even though the Internet was developed more than three decades ago, the
introduction of the World Wide Web (WWW) was a relatively recent event. In 1989, Tim
Berners-Lee of CERN (the European Organization for Nuclear Research) began to develop
a technology for sharing information via hyperlinked text documents. Basing the new lan-
guage on the well-established Standard Generalized Markup Language (SGML)—a stan-
dard for business data interchange—Berners-Lee called his invention the HyperText
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Markup Language (HTML). He also wrote communication protocols to form the backbone
of his new hypertext information system, which he referred to as the World Wide Web.

Historians will surely list the Internet and the World Wide Web among the most impor-
tant and profound creations of humankind. In the past, most computer applications ran on
“stand-alone” computers (computers that were not connected to one another). Today’s
applications can be written to communicate among the world’s hundreds of millions of
computers. The Internet and World Wide Web merge computing and communications
technologies, expediting and simplifying our work. They make information instantly and
conveniently accessible to large numbers of people. They enable individuals and small
businesses to achieve worldwide exposure. They are profoundly changing the way we do
business and conduct our personal lives.

1.14 World Wide Web Consortium (W3C)

In October 1994, Tim Berners-Lee founded an organization, called the World Wide Web
Consortium (W3C), that is devoted to developing nonproprietary, interoperable technolo-
gies for the World Wide Web. One of the W3C’s primary goals is to make the Web univer-
sally accessible—regardless of disabilities, language or culture.

The W3C is also a standardization organization and is comprised of three hosts—the
Massachusetts Institute of Technology (MIT), France’s INRIA (Institut National de
Recherche en Informatique et Automatique) and Keio University of Japan—and over 400
members, including Deitel & Associates, Inc. Members provide the primary financing for
the W3C and help provide the strategic direction of the Consortium. To learn more about
the W3C, visit www.w3 .org.

Web technologies standardized by the W3C are called Recommendations. Current W3C
Recommendations include Extensible HyperText Markup Language (XHTML™), Cas-
cading Style Sheets (CSS™) and the Extensible Markup Language (XML). Recommenda-
tions are not actual software products, but documents that specify the role, syntax and rules
of a technology. Before becoming a W3C Recommendation, a document passes through
three major phases: Working Draft—which, as its name implies, specifies an evolving draft;
Candidate Recommendation—a stable version of the document that industry can begin to
implement; and Proposed Recommendation—a Candidate Recommendation that is consid-
ered mature (i.e., has been implemented and tested over a period of time) and is ready to be
considered for W3C Recommendation status. For detailed information about the W3C Rec-
ommendation track, see “6.2 The W3C Recommendation track™ at

www.w3 .org/Consortium/Process/Process-19991111/
process.html#RecsCR

1.15 Extensible Markup Language (XML)

As the popularity of the Web exploded, HTML’s limitations became apparent. HTML’s
lack of extensibility (the ability to change or add features) frustrated developers, and its am-
biguous definition allowed erroneous HTML to proliferate. In response to these problems,
the W3C added limited extensibility to HTML. This was, however, only a temporary solu-
tion—the need for a standardized, fully extensible and structurally strict language was ap-
parent. As a result, XML was developed by the W3C. XML combines the power and
extensibility of its parent language, Standard Generalized Markup Language (SGML), with
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the simplicity that the Web community demands. At the same time, the W3C began devel-
oping XML-based standards for style sheets and advanced hyperlinking. Extensible
Stylesheet Language (XSL) incorporates elements of both Cascading Style Sheets (CSS),
which is used to format HTML documents and Document Style and Semantics Specifica-
tion Language (DSSSL), which is used to format SGML documents. Similarly, the Exten-
sible Linking Language (XLink) combines ideas from HyTime and the Text Encoding
Initiative (TEI), to provide extensible linking of resources.

Data independence, the separation of content from its presentation, is the essential
characteristic of XML. Because an XML document describes data, any application con-
ceivably can process an XML document. Recognizing this, software developers are inte-
grating XML into their applications to improve Web functionality and interoperability.
XML’s flexibility and power make it perfect for the middle tier of client/server systems,
which must interact with a wide variety of clients. Much of the processing that was once
limited to server computers now can be performed by client computers, because XML’s
semantic and structural information enables it to be manipulated by any application that can
process text. This reduces server loads and network traffic, resulting in a faster, more effi-
cient Web.

XML is not limited to Web applications. Increasingly, XML is being employed in data-
bases—the structure of an XML document enables it to be integrated easily with database
applications. As applications become more Web enabled, it seems likely that XML will
become the universal technology for data representation. All applications employing XML
would be able to communicate, provided that they could understand each other’s XML
markup, or vocabulary.

Simple Object Access Protocol (SOAP) is a technology for the distribution of objects
(marked up as XML) over the Internet. Developed primarily by Microsoft and Develop-
Mentor, SOAP provides a framework for expressing application semantics, encoding that
data and packaging it in modules. SOAP has three parts: The envelope, which describes the
content and intended recipient of a SOAP message; the SOAP encoding rules, which are
XML-based; and the SOAP Remote Procedure Call (RPC) representation for commanding
other computers to perform a task. Microsoft .NET (discussed in the next two sections) uses
XML and SOAP to mark up and transfer data over the Internet. XML and SOAP are at the
core of .NET—they allow software components to interoperate (i.e., communicate easily
with one another). SOAP is supported by many platforms, because of its foundations in
XML and HTTP. We discuss XML in Chapter 18, Extensible Markup Language (XML)
and SOAP in Chapter 21, ASP .NET and Web Services.

1.16 Introduction to Microsoft .NET

In June 2000, Microsoft announced its .NET initiative, a broad new vision for embracing
the Internet and the Web in the development, engineering and use of software. One key as-
pect of the .NET strategy is its independence from a specific language or platform. Rather
than forcing developers to use a single programming language, developers can create a
.NET application in any .NET-compatible language. Programmers can contribute to the
same software project, writing code in the .NET languages (such as C#, Visual C++ .NET,
Visual Basic .NET and many others) in which they are most competent. Part of the initia-
tive includes Microsoft’s Active Server Pages (ASP) .NET technology, which allows pro-
grammers to create applications for the Web.
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The .NET architecture can exist on multiple platforms, further extending the porta-
bility of .NET programs. In addition, the .NET strategy involves a new program-develop-
ment process that could change the way programs are written and executed, leading to
increased productivity.

A key component of the .NET architecture is Web services, which are applications that
can be used over the Internet. Clients and other applications can use these Web services as
reusable building blocks. One example of a Web service is Dollar Rent a Car’s reservation
system.3 An airline partner wanted to enable customers to make rental-car reservations
from the airline’s Web site. To do so, the airline needed to access Dollar’s reservation
system. In response, Dollar created a Web service that allowed the airline to access Dollar’s
database and make reservations. Web services enable the two companies to communicate
over the Web, even though the airline uses UNIX systems and Dollar uses Microsoft Win-
dows. Dollar could have created a one-time solution for that particular airline, but the com-
pany would not have been able to reuse such a customized system. By creating a Web
service, Dollar can allow other airlines or hotels to use its reservation system without cre-
ating a custom program for each relationship.

The .NET strategy extends the concept of software reuse to the Internet, allowing pro-
grammers to concentrate on their specialties without having to implement every component
of every application. Instead, companies can buy Web services and devote their time and
energy to developing their products. The .NET strategy further extends the concept of soft-
ware reuse to the Internet by allowing programmers to concentrate on their specialties
without having to implement every component. Visual programming (discussed in Chapter
2) has become popular, because it enables programmers to create applications easily, using
such prepackaged components as buttons, text boxes and scrollbars. Similarly, program-
mers may create an application using Web services for databases, security, authentication,
data storage and language translation without having to know the internal details of those
components.

The .NET strategy incorporates the idea of software reuse. When companies link their
products in this way, a new user experience emerges. For example, a single application
could manage bill payments, tax refunds, loans and investments, using Web services from
various companies. An online merchant could buy Web services for online credit-card pay-
ments, user authentication, network security and inventory databases to create an e-com-
merce Web site.

The keys to this interaction are XML and SOAP, which enable Web services to com-
municate. XML gives meaning to data, and SOAP is the protocol that allows Web services
to communicate easily with one another. XML and SOAP act as the “glue” that combines
various Web services to form applications.

Universal data access is another essential concept in the .NET strategy. If two copies
of a file exist (such as on a personal and a company computer), the less recent version must
constantly be updated—this is called file synchronization. If the separate versions of the file
are different, they are unsynchronized, a situation that could lead to errors. Under .NET,
data could reside in one central location rather than on separate systems. Any Internet-con-
nected device could access the data (under tight control, of course), which would then be

3. Microsoft Corporation, “Dollar Rent A Car E-Commerce Case Study on Microsoft Business,” 1
July 2001 <www.microsoft.com/BUSINESS/casestudies/b2c/dollarrentac-
ar.asp>.
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formatted appropriately for use or display on the accessing device. Thus, the same docu-
ment could be seen and edited on a desktop PC, a PDA, a cell phone or other device. Users
would not need to synchronize the information, because it would be fully up-to-date in a
central area.

Microsoft’s HailStorm Web services facilitate such data organization.4 HailStorm
allows users to store data so that it is accessible from any HailStorm-compatible device
(such as a PDA, desktop computer or cell phone). HailStorm offers a suite of services, such
as an address book, e-mail, document storage, calendars and a digital wallet. Third-party
Web services also can interact with HailStorm—users can be notified when they win online
auctions or have their calendars updated if their planes arrive late. Information can be
accessed from anywhere and cannot become unsynchronized. Privacy concerns increase,
though, because all of a user’s data resides in one location. Microsoft has addressed this
issue by giving users control over their data. Users must authorize access to their data and
specify the duration of that access.

Microsoft plans to create Internet-based client applications. For example, software could
be distributed over the Internet on a subscription basis, enabling immediate corrections,
updates and communication with other applications over the Internet. HailStorm provides
basic services at no charge and users can pay via subscription for more advanced features.

The .NET strategy is an immense undertaking. We discuss various aspects of .NET
throughout this book. Additional information is available on Microsoft’s Web site
(www.microsoft.com/net).

1.17 .NET Framework and the Common Language Runtime

The Microsoft® .NET Framework is at the heart of the NET strategy. This framework man-
ages and executes applications and Web services, contains a class library (called the
Framework Class Library or FCL), enforces security and provides many other program-
ming capabilities. The details of the NET Framework are found in the Common Language
Specification (CLS), which contains information about the storage of data types, objects
and so on. The CLS has been submitted for standardization to ECMA (the European Com-
puter Manufacturers Association), making it easier to create the .NET Framework for other
platforms. This is like publishing the blueprints of the framework—anyone can build it, fol-
lowing the specifications. Currently, the .NET Framework exists only for the Windows
platform, although a version is under development for the FreeBSD operating system.5 The
FreeBSD project provides a freely available and open-source UNIX-like operating system
that is based on that UC Berkeley’s Berkeley System Distribution (BSD).

The Common Language Runtime (CLR) is another central part of the .NET Frame-
work—it executes C# programs. Programs are compiled into machine-specific instructions
in two steps. First, the program is compiled into Microsoft Intermediate Language (MSIL),
which defines instructions for the CLR. Code converted into MSIL from other languages
and sources can be woven together by the CLR. Then, another compiler in the CLR com-
piles the MSIL into machine code (for a particular platform), creating a single application.

4. Microsoft Corporation, “Building User-Centric Experiences: An Introduction to Microsoft Hail-
Storm,” 30 July 2001 <http://www.microsoft.com/net/hailstorm.asp>.

5. Microsoft Corporation, “The Microsoft Shared Source C# and CLI Specifications,” 30 July 2001
<http://www.microsoft.com/net/sharedsourcewp.asp>.
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Why bother having the extra step of converting from C# to MSIL, instead of compiling
directly into machine language? The key reasons are portability between operating sys-
tems, interoperability between languages and execution-management features such as
memory management and security.

If the .NET Framework exists (and is installed) for a platform, that platform can run
any .NET program. The ability of a program to run (without modification) across multiple
platforms is known as platform independence. Code written once can be used on another
machine without modification, saving both time and money. In addition, software can
target a wider audience—previously, companies had to decide whether converting their
programs to different platforms (sometimes called porting) was worth the cost. With .NET,
porting is no longer an issue.

The .NET Framework also provides a high level of language interoperability. Pro-
grams written in different languages are all compiled into MSIL—the different parts can be
combined to create a single, unified program. MSIL allows the .NET Framework to be /an-
guage independent, because .NET programs are not tied to a particular programming lan-
guage. Any language that can be compiled into MSIL is called a . NET-compliant language.
Figure 1.1 lists many of the current languages that support the NET platform.6

Language interoperability offers many benefits to software companies. C#, Visual
Basic .NET and Visual C++ .NET developers, for example, can work side-by-side on the
same project without having to learn another programming language—all their code com-
piles into MSIL and links together to form one program. In addition, the .NET Framework
can package old and new components to work together. This allows companies to reuse the
code that they have spent years developing and integrate it with the new .NET code that
they write. Integration is crucial, because companies cannot migrate easily to .NET unless
they can stay productive, using their existing developers and software.

Programming Languages

APL Oberon

C# Oz

COBOL Pascal
Component Pascal Perl

Curriculum Python

Eiffel RPG

Fortran Scheme

Haskell Smalltalk

Java Standard ML
JScript Visual Basic NET
Mercury Visual C++ .NET

Fig. 1.1 .NET Languages .

6. Table information from Microsoft Web site, www.microsoft.com.
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Another benefit of the INET Framework is the CLR’s execution-management features.
The CLR manages memory, security and other features, relieving the programmer of these
responsibilities. With languages like C++, programmers must take memory management
into their own hands. This leads to problems if programmers request memory and never
return it—programs could consume all available memory, which would prevent applica-
tions from running. By managing the program’s memory, the .NET Framework allows pro-
grammers to concentrate on program logic.

The .NET Framework also provides programmers with a huge library of classes. This
library, called the Framework Class Library (FCL), can be used by any .NET language. The
FCL contains a variety of reusable components, saving programmers the trouble of creating
new components. This book explains how to develop .NET software with C#. Steve
Ballmer, Microsoft’s CEQO, stated in May 2001 that Microsoft was “betting the company”
on .NET. Such a dramatic commitment surely indicates a bright future for C# and its com-
munity of developers.

1.18 Tour of the Book

In this section, we tour the chapters and appendices of C# How to Program. In addition to
the topics presented in each chapter, several of the chapters contain an Internet and World
Wide Web Resources section that lists additional sources from which readers can enhance
their knowledge of C# programming.

Chapter 1—Introduction to Computers, Internet, World Wide Web and C#

The first chapter familiarizes the reader with what computers are, how they work and how
they are programmed. We explain the evolution of programming languages, from their or-
igins in machine languages to the development of high-level, object-oriented languages.
We overview the history of the Internet, World Wide Web and various technologies (such
as HTTP, SOAP and XML) that have led to advances in how computers are used. We then
discuss the development of the C# programming language and the Microsoft .NET initia-
tive, including Web services. We explore the impact of .NET on software development and
conclude by touring the remainder of the book.

Chapter 2—Introduction to the Visual Studio® .NET IDE

Chapter 2 introduces Microsoft Visual Studio .NET, an integrated development environment
(IDE) for the creation of C# programs. Visual Studio .NET enables visual programming, in
which controls (such as buttons or text boxes) are “dragged” and “dropped” into place, rather
than added by typing code. Visual programming has led to greatly increased productivity of
software developers because it eliminates many of the tedious tasks that programmers face.
For example, object properties (information such as height and color) can be modified
through Visual Studio .NET windows, allowing changes to be made quickly and causing the
results to appear immediately on the screen. Rather than having to guess how the GUI will
appear while writing a program, programmers view the GUI exactly as it will appear when
the finished program runs. Visual Studio .NET also contains advanced tools for debugging,
documenting and writing code. The chapter presents features of Visual Studio .NET, includ-
ing its key windows, toolbox and help features and overviews the process of compiling and
running programs. We provide an example of the capabilities of Visual Studio .NET by using
it to create a simple Windows application without typing a single line of code.
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Chapter 3—Introduction to C# Programming

This chapter introduces readers to our LIVE-CODE™ approach. Every concept is presented in
the context of a complete working C# program and is followed by one or more sample outputs
depicting the program’s execution. In our first example, we print a line of text and carefully
discuss each line of code. We then discuss fundamental tasks, such as how a program inputs
data from its users and how to write arithmetic expressions. The chapter’s last example dem-
onstrates how to print a variety of character strings in a window called a message box.

Chapter 4—Control Structures: Part 1

This chapter formally introduces the principles of structured programming, a set of tech-
niques that will help the reader develop clear, understandable, maintainable programs
throughout the text. The first part of this chapter presents program-development and prob-
lem-solving techniques. The chapter demonstrates how to transform a written specification
to a program by using such techniques as pseudocode and top-down, stepwise refinement.
We then progress through the entire process, from developing a problem statement into a
working C# program. The notion of algorithms is also discussed. We build on information
presented in the previous chapter to create programs that are interactive (i.e., they change
their behavior to suit user-supplied inputs). The chapter then introduces the use of control
structures that affect the sequence in which statements are executed. Control structures pro-
duce programs that are easily understood, debugged and maintained. We discuss the three
forms of program control—sequence, selection and repetition—focusing on the i f/then
and while control structures. Flowcharts (i.e., graphical representations of algorithms)
appear throughout the chapter, reinforcing and augmenting the explanations.

Chapter 5—Control Structures: Part 2

Chapter 5 introduces more complex control structures and the logical operators. It uses
flowcharts to illustrate the flow of control through each control structure, including the
for, do/while and switch structures. We explain the break and continue state-
ments and the logical operators. Examples include calculating compound interest and print-
ing the distribution of grades on an exam (with some simple error checking). The chapter
concludes with a structured programming summary, including each of C#’s control struc-
tures. The techniques discussed in Chapters 4 and 5 constitute a large part of what has been
taught traditionally under the topic of structured programming.

Chapter 6—Methods

A method allows the programmer to create a block of code that can be called upon from var-
ious points in a program. Groups of related methods can be separated into functional blocks
(classes), using the “divide and conquer” strategy. Programs are divided into simple compo-
nents that interact in straightforward ways. We discuss how to create our own methods that
can take input, perform calculations and return output. We examine the .NET library’s Math
class, which contains methods (i.e., methods in a class) for performing complex calculations
(e.g., trigonometric and logarithmic calculations). Recursive methods (methods that call
themselves) and method overloading, which allows multiple methods to have the same name,
are introduced. We demonstrate overloading by creating two Square methods that take an
integer (i.e., whole number) and a floating-point number (i.e., a number with a decimal point),
respectively. To conclude the chapter, we create a graphical simulation of the “craps” dice
game, using the random-number generation techniques presented in the chapter.
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Chapter 7—Arrays

Chapter 7 discusses arrays, our first data structures. (Chapter 24 discusses the topic of data
structures in depth.) Data structures are crucial to storing, sorting, searching and manipu-
lating large amounts of information. Arrays are groups of related data items that allow the
programmer to access any element directly. Rather than creating 100 separate variables that
are all related in some way, the programmer instead can create an array of 100 elements and
access these elements by their location in the array. We discuss how to declare and allocate
arrays, and we build on the techniques of the previous chapter by passing arrays to methods.
In addition, we discuss how to pass a variable number of arguments to methods. Chapters
4 and 5 provide essential background for the discussion of arrays, because repetition struc-
tures are used to iterate through elements in the array. The combination of these concepts
helps the reader create highly-structured and well-organized programs. We then demon-
strate how to sort and search arrays. We discuss multidimensional arrays (both rectangular
and jagged), which can be used to store tables of data.

Chapter 8—Object-Based Programming

Chapter 8 serves as our introduction into the powerful concepts of objects and classes
(classes are programmer-defined types). As mentioned in Chapter 1, object technology has
led to considerable improvements in software development, allowing programmers to cre-
ate reusable components. In addition, objects allow programs to be organized in natural and
intuitive ways. In this chapter, we present the fundamentals of object-based programming,
such as encapsulation, data abstraction and abstract data types (ADTs). These techniques
hide the details of components so that the programmer can concentrate on the “big picture.”
To demonstrate these concepts, we create a time class, which displays the time in standard
and military formats. Other topics examined include abstraction, composition, reusability
and inheritance. We overview how to create reusable software components with assem-
blies, namespaces and Dynamic Link Library (DLL) files. You will learn how to create
classes like those in the Framework Class Library. Other C# features discussed include
properties and the readonly and const keywords. This chapter lays the groundwork for
the next two chapters, which introduce object-oriented programming.

Chapter 9—Object-Oriented Programming: Inheritance

In this chapter, we discuss inheritance—a form of software reusability in which classes
(called derived classes) are created by absorbing attributes and methods of existing classes
(called base classes). The inherited class (i.e., the derived class) can contain additional at-
tributes and methods. We show how finding the commonality between classes of objects
can reduce the amount of work it takes to build large software systems. These proven tech-
niques help programmers create and maintain software systems. A detailed case study dem-
onstrates software reuse and good programming techniques by finding the commonality
among a three-level inheritance hierarchy: the point, circle and cylinder classes. We discuss
the software engineering benefits of object-oriented programming. The reader learns im-
portant object-oriented programming fundamentals, such as creating and extending cus-
tomized classes.

Chapter 10—Object-Oriented Programming: Polymorphism
Chapter 10 continues our formal introduction of object-oriented programming. We discuss
polymorphic programming and its advantages. Polymorphism permits classes to be treated
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in a general manner, allowing the same method call to act differently depending on context
(e.g., “move” messages sent to a bird and a fish result in dramatically different types of ac-
tion—a bird flies and a fish swims). In addition to treating existing classes in a general man-
ner, polymorphism allows new classes to be added to a system easily. We identify
situations in which polymorphism is useful. A payroll system case study demonstrates
polymorphism—the system determines the wages for each employee differently to suit the
type of employee (bosses paid fixed salaries, hourly workers paid by the hour, commission
workers who receive a base salary plus commission and piece workers who are paid per
item produced). These programming techniques and those of the previous chapter allow the
programmer to create extensible and reusable software components.

Chapter 11—Exception Handling

Exception handling is one of the most important topics in C# from the standpoint of build-
ing mission-critical and business-critical applications. People can enter incorrect data, data
can be corrupted and clients can try to access records that do not exist or are restricted. A
simple division-by-zero error may cause a calculator program to crash, but what if such an
error occurs in the navigation system of a flying airplane? Programmers must deal with
these situations, because in some cases, the results of program failure could be disastrous.
Programmers need to know how to recognize the errors (exceptions) that could occur in
software components and handle those exceptions effectively, allowing programs to deal
with problems and continue executing instead of “crashing.” This chapter overviews the
proper use of exception handling and various exception-handling techniques. We cover the
details of C# exception handling, the termination model of exception handling, throwing
and catching exceptions, and library class Exception. Programmers who construct soft-
ware systems from reusable components built by other programmers often deal with the ex-
ceptions that those components may throw.

Chapter 12—Graphical User Interface Concepts: Part 1

Chapter 12 explains how to add graphical user interfaces (GUIs) to our programs, providing
a professional look and feel. By using the techniques of rapid application development
(RAD), we can create a GUI from reusable components, rather than explicitly program-
ming every detail. The Visual Studio .NET IDE makes developing GUIs even easier by al-
lowing the programmer to position components in a window through so-called visual
programming. We discuss how to construct user interfaces with Windows Forms GUI com-
ponents such as labels, buttons, text boxes, scroll bars and picture boxes. We also introduce
events, which are messages sent by a program to signal to an object or a set of objects that
an action has occurred. Events are most commonly used to signal user interactions with
GUI components, but also can signal internal actions in a program. We overview event han-
dling and discuss how to handle events specific to controls, the keyboard and the mouse.
Tips are included throughout the chapter to help the programmer create visually appealing,
well-organized and consistent GUISs.

Chapter 13—Graphical User Interface Concepts: Part 2

Chapter 13 introduces more complex GUI components, including menus, link labels, pan-
els, list boxes, combo boxes and tab controls. In a challenging exercise, readers create an
application that displays a disk drive’s directory structure in a tree—similar to that created
by Windows Explorer. The Multiple Document Interface (MDI) is presented, which allows
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multiple documents (i.e., forms) to be open simultaneously in a single GUI. We conclude
with a discussion of how to create custom controls by combining existing controls. The
techniques presented in this chapter allow readers to create sophisticated and well-orga-
nized GUISs, adding style and usability to their applications.

Chapter 14—Multithreading

We have come to expect much from our applications. We want to download files from the
Internet, listen to music, print documents and browse the Web—all at the same time! To do
this, we need a technique called multithreading, which allows applications to perform mul-
tiple activities concurrently. C# includes built-in capabilities to enable multithreaded appli-
cations, while shielding programmers from complex details. C# is better equipped to deal
with more sophisticated multimedia, network-based and multiprocessor-based applications
than other languages that do not have multithreading features. This chapter overviews the
built-in threading classes of C# and covers threads, thread life-cycles, time-slicing, sched-
uling and priorities. We analyze the producer-consumer relationship, thread synchroniza-
tion and circular buffers. This chapter lays the foundation for creating the impressive
multithreaded programs that clients demand.

Chapter 15—Strings, Characters and Regular Expressions

In this chapter, we discuss the processing of words, sentences, characters and groups of char-
acters. In C#, strings (groups of characters) are objects. This is yet another benefit of C#’s
emphasis on object-oriented programming. Objects of type string contain methods that
can copy, create hash codes, search, extract substrings and concatenate strings with one an-
other. As an interesting example of strings, we create a card shuffling-and-dealing simulation.
We discuss regular expressions, a powerful tool for searching and manipulating text.

Chapter 16—Graphics and Multimedia

In this chapter, we discuss GDI+ (an extension of the Graphics Device Interface—GDI), the
Windows service that provides the graphical features used by .NET. The extensive graphical
capabilities of GDI+ can make programs more visual and fun to create and use. We discuss
C#’s treatment of graphics objects and color control, and we discuss how to draw arcs, poly-
gons and other shapes. We use various pens and brushes to create color effects and include an
example demonstrating gradient fills and textures. This chapter introduces techniques for
turning text-only applications into exciting, aesthetically pleasing programs that even novice
programmers can write with ease. The second half of the chapter focuses on audio, video and
speech technology. We discuss adding sound, video and animated characters to programs
(primarily using existing audio and video clips). You will see how easy it is to incorporate
multimedia into C# applications. This chapter introduces an exciting technology called Mi-
crosoft Agent for adding interactive animated characters to a program. Each character allows
users to interact with the application, using more natural human communication techniques,
such as speech. The agent characters accept mouse and keyboard interaction, speak and hear
(i.e., they support speech synthesis and speech recognition). With these capabilities, your ap-
plications can speak to users and actually respond to their voice commands!

Chapter 17—Files and Streams
Imagine a program that could not save data to a file. Once the program is closed, all the
work performed in the program is lost forever. For this reason, this chapter is one of the
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most important for programmers who will be developing commercial applications. We ex-
plain how to input and output streams of data from and to files, respectively. We discuss
how programs read and write data from and to secondary storage devices (such as disks).
A detailed example demonstrates these concepts by allowing the user to read and write
bank account information to and from files. We introduce those classes and methods in C#
that help perform input and output conveniently—they demonstrate the power of object-
oriented programming and reusable classes. We discuss benefits of sequential files, ran-
dom-access files and buffering. This chapter is crucial for developing C# file-processing
applications and networking applications (Chapter 22), which also use the techniques in
this chapter to send and receive data.

Chapter 18—Extensible Markup Language ( XML)”

The Extensible Markup Language (XML) derives from SGML (Standardized General
Markup Language), which became an industry standard in 1986. Although SGML is em-
ployed in publishing applications worldwide, it has not been incorporated into the mainstream
computing and information technology curricula because of its sheer size and complexity.
XML is an effort to make SGML-like technology available to a much broader community. It
was created by the World Wide Web Consortium (W3C) for describing data in a portable for-
mat, is one of most important technologies in industry today and is being integrated into al-
most every field. XML differs in concept from markup languages such as the HyperText
Markup Language (HTML). HTML is a markup language for describing how information is
rendered in a browser. XML is a language for creating markup languages for virtually any
type of information. Document authors use XML to create entirely new markup languages to
describe specific types of data, including mathematical formulas, chemical molecular struc-
tures, music and recipes. Markup languages created with XML include WML (Wireless
Markup Language), XHTML (Extensible HyperText Markup Language, for Web content),
MathML (for mathematics), VoiceXML™ (for speech), SMIL™ (Synchronized Multimedia
Integration Language, for multimedia presentations), CML (Chemical Markup Language, for
chemistry) and XBRL (Extensible Business Reporting Language, for financial data ex-
change). Companies and individuals constantly are finding new and exciting uses for XML.
In this chapter, we present examples that illustrate the basics of marking up data with XML.
We demonstrate several XML-derived markup languages, such as XML Schema (for check-
ing an XML document’s grammar), XSLT (Extensible Stylesheet Language Transforma-
tions, for transforming an XML document’s data into another text-based format such as
XHTML) and Microsoft’s BizTalk™ (for marking up business transactions). (For readers
who are unfamiliar with XHTML, we provide Appendices K and L, which provide a de-
tailed introduction to XHTML..)

Chapter 19—Database, SQL and ADO .NET

Access and storage of data are integral to creating powerful software applications. This
chapter discusses .NET support for database manipulation. Today's most popular database
systems are relational databases. In this chapter, we introduce the Structured Query Lan-
guage (SQL) for performing queries on relational databases. We introduce ADO .NET—an
extension of Microsoft's ActiveX Data Objects that enables .NET applications to access and

7. The reader interested in a deeper treatment of XML may want to consider our book, XML How to
Program.
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manipulate databases. ADO .NET allows data to be exported as XML, which enables appli-
cations that use ADO .NET to communicate with a variety of programs that understand
XML. The reader will learn how to create database connections, using tools provided in Vi-
sual Studio .NET, and will learn how to use the classes in the System.Data namespace.

Chapter 20—ASP .NET, Web Forms and Web Controls

Previous chapters demonstrated how to create applications that execute locally on the us-
er’s computer. In this chapter and the next, we discuss how to create Web-based applica-
tions using Active Server Pages (ASP) .NET. This is a crucial aspect of .NET and of
Microsoft’s vision of how software should be deployed on the Internet. ASP .NET is an in-
tegral technology for creating dynamic Web content marked up as HTML. (For readers
who are unfamiliar with HTML, we provide a detailed introduction in Appendices I and J.)
Web Forms provide GUIs for ASP .NET pages and can contain Web controls, such as la-
bels, buttons and text boxes with which users interact. Like Windows Forms, Web Forms
are designed using visual programming. This chapter presents many interesting examples,
which include an online guest book application and a multi-tier, database intensive appli-
cation that allows users to query a database for a list of publications by a specific author.
Debugging Web Forms using the Trace property is also discussed.

Chapter 21—ASP .NET and Web Services

Chapter 21 continues our discussion of ASP .NET. In this chapter, we introduce Web servic-
es, which are programs that “expose” services (i.e., methods) to clients. Using Web services,
programmers can create methods that anyone can invoke. This enables applications to in-
voke methods remotely over a network. Web services offer increased software reusability,
making the Internet, in essence, a programming library available to programmers world-
wide. Web services use XML and SOAP to mark up and send information, respectively. This
chapter presents several interesting examples that include Web services for manipulating
huge numbers (up to 100 digits), simulating the card game of blackjack and implementing
an airline reservation system. One particularly interesting example is our temperature server,
a Web service that gathers weather information for dozens of cities in the United States.

Chapter 22—Networking: Streams-Based Sockets and Datagrams

Chapter 22 introduces the fundamental techniques of C#-based networking—streams and
datagrams. We demonstrate how streams-based sockets allow us to hide many networking
details. With sockets, networking is as simple as if we were reading from and writing to a
file. We also introduce datagrams in which packets of information are sent between pro-
grams. Each packet is addressed to its recipient and sent out to the network, which routes
the packet to its destination. The examples in this chapter focus on communication between
applications. One example demonstrates using streams-based sockets to communicate be-
tween two C# programs. Another similar example, sends datagrams between applications.
We also show how to create a multithreaded-server application that can communicate mul-
tiple clients in parallel. In this client/server tic-tac-toe game, the server maintains the status
of the game and two clients communicate with the server to play the game.

Chapter 23—Data Structures and Collections
This chapter discusses arranging data into aggregations such as linked lists, stacks, queues
and trees. Each data structure has properties that are useful in a wide variety of applications,



Chapter 1 Introduction to Computers, the Internet, the Web and C# 27

from sorting elements to keeping track of method calls. We discuss how to build each of these
data structures. This is also a valuable experience in crafting useful classes. In addition, we
cover prebuilt collection classes in the NET Framework Class Library. These data structures
have many useful methods for sorting, inserting, and deleting items, plus methods to enable
data structures to resize themselves dynamically. When possible, C# programmers should use
the Framework Class Library to find appropriate data structures, rather than implementing
these data structures themselves. This chapter reinforces much of the object technology dis-
cussed in Chapters 8, 9 and 10, including classes, inheritance and composition.

Chapter 24—Accessibility

The World Wide Web presents a challenge to individuals with disabilities. Multimedia-rich
Web sites are difficult for text readers and other programs to interpret; thus, users with hear-
ing and visual impairments may have difficulty browsing such sites. To help rectify this sit-
uation, the World Wide Web Consortium (W3C) launched the Web Accessibility Initiative
(WAI), which provides guidelines for making Web sites accessible to people with disabili-
ties. This chapter provides a description of these guidelines, such as the use of the <head-
ers> tag to make tables more accessible to page readers, the alt attribute of the <img>
tag to describe images, and XHTML and CSS to ensure that a page can be viewed on almost
any type of display or reader. We illustrate key accessibility features of Visual Studio .NET
and of Windows 2000. We also introduce VoiceXML and Call XML, two technologies for
increasing the accessibility of Web-based content. Voice XML helps people with visual im-
pairments to access Web content via speech synthesis and speech recognition. CallXML al-
lows users with visual impairments to access Web-based content through a telephone. In
the chapter exercises, readers create their own voice mail applications, using CallXML.

Appendix A—Operator precedence chart
This appendix lists C# operators and their precedence.

Appendix B—Number Systems

This appendix explains the binary, octal, decimal and hexadecimal number systems. It also
reviews the conversion of numbers among these bases and illustrates mathematical opera-
tions in each base.

Appendix C—Career Opportunities
This appendix provides career resources for C# programmers.

Appendix D—Visual Studio .NET Debugger

This appendix introduces the Visual Studio .NET debugger for locating logic errors in pro-
grams. Key features of this appendix include setting breakpoints, stepping through pro-
grams line-by-line and “watching” variable values.

Appendix E—Generating Documentation in Visual Studio
Appendix E discusses how to create comments within C# code that can be extracted to cre-
ate powerful, XML-based documentation.

Appendix F—ASCII Character Set
This appendix contains a table of the 128 ASCII alphanumeric symbols and their corre-
sponding ASCII (American Standard Code for Information Interchange) numbers.
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Appendix G—Unicode®

This appendix introduces the Unicode Standard, an encoding scheme that assigns unique
numeric values to the characters of most of the world’s languages. We include a Windows
application that uses Unicode encoding to print welcome messages in several different lan-
guages.

Appendix H—COM Integration

Prior to .NET, COM (Component Object Model) was critical for specifying how different
Windows programming languages communicate at the binary level. For example, COM
components such as ActiveX controls and ActiveX DLLs often were written in Microsoft
Visual C++, but used in other programs. The .NET platform does not directly support COM
components, but Microsoft provides tools for the integration of COM components with
.NET applications. In this appendix, we explore some of these tools by integrating an Ac-
tiveX control and an ActiveX DLL into C# applications.

Appendices I and J—Introduction to HyperText Markup Language 4: 1 & 2 (on CD)
These appendices provide an introduction to HTML—the Hypertext Markup Language.
HTML is a markup language for describing the elements of an HTML document (Web
page) so that a browser, such as Microsoft’s Internet Explorer, can render (i.e., display) that
page. These appendices are included for our readers who do not know HTML or who would
like a review of HTML before studying Chapter 20, ASP .NET, Web Forms and Web Con-
trols. We do not present any C# programming in these appendices. Some key topics cov-
ered in Appendix I include: incorporating text and images in an HTML document, linking
to other HTML documents on the Web, incorporating special characters (such as copyright
and trademark symbols) into an HTML document and separating parts of an HTML docu-
ment with horizontal lines (called horizontal rules). In Appendix J, we discuss more sub-
stantial HTML elements and features. We demonstrate how to present information in /ists
and tables. We discuss how to collect information from people browsing a site. We explain
how to use internal linking and image maps to make Web pages easier to navigate. We also
discuss how to use frames to display multiple documents in the browser window.

Appendices K and L—Introduction to XHTML: Parts 1 & 2 (on CD)

In these appendices, we introduce the Extensible Hypertext Markup Language (XHTML).
XHTML is an emerging W3C technology designed to replace HTML as the primary means
of describing Web content. As an XML-based language, XHTML is more robust and ex-
tensible than HTML. XHTML incorporates most of HTML 4’s elements and attributes—
the focus of these appendices. Appendices K and L are included for our readers who do not
know XHTML or who would like a review of XHTML before studying Chapter 18, Exten-
sible Markup Language (XML) and Chapter 24, Accessibility.

Appendix M—HTML/XHTML Special Characters (on CD)
This appendix provides many commonly used HTML/XHTML special characters, called
character entity references.

Appendix N—HTML/XHTML Colors (on CD)
This appendix lists commonly used HTML/XHTML color names and their corresponding
hexadecimal values.
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Appendix O—Bit Manipulation

This appendix discusses C#’s powerful bit-manipulation capabilities. This helps programs
process bit strings, set individual bits on or off and store information more compactly. Such
capabilities—inherited from C—are characteristic of low-level assembly languages and are
valued by programmers writing systems software, such as operating system and network-
ing software.

1.19 Internet and World Wide Web Resources

www.deitel.com

This is the official Deitel & Associates, Inc. Web site. Here you will find updates, corrections, down-
loads and additional resources for all Deitel publications. In addition, this site provides information
about Deitel & Associates, Inc. professional, on-site seminars offered worldwide. In the near future,
you will be able to register here to receive the Deitel Buzz e-mail newsletter.

www.prenhall.com/deitel
This is Prentice Hall’s Web site for Deitel publications, which contains information about our prod-
ucts and publications, downloads, Deitel curriculum and author information.

www.InformIT.com/deitel

This is the Deitel & Associates, Inc. page on the InformIT Web site. InformIT is an all-around re-
source for IT professionals providing articles, electronic publications and other resources for today’s
hottest technologies. The Deitel kiosk at InformIT.com will have free articles and for-purchase elec-
tronic publications. In addition, you can purchase all Deitel products at this site.

www.w3.org

The World Wide Web Consortium (W3C) is an organization that develops and recommends technol-
ogies for the Internet and World Wide Web. This site includes links to W3C technologies, news, mis-
sion statements and frequently asked questions (FAQs).

www.elsop. com/wrc/h_comput .htm

This site contains presents the history of computing, content about famous innovators, the evolution
of languages and the development of operating systems.

www.w3.org/History.html

This site overviews the history of the Internet. After briefly covering developments from 1945 —1988,
the site details technological advances on a year-by-year basis, from 1989 to the present day.

www.netvalley.com/intval.html

This site presents the history of the Internet and the World Wide Web.

www.microsoft.com

The Microsoft Corporation Web site provides information and technical resources for all Microsoft
products, including .NET, enterprise software and the Windows operating system.

SUMMARY

[This chapter is primarily a summary of the rest of the book, so we have not provided a sum-
mary section. The remaining chapters include detailed summaries of their contents. |

TERMINOLOGY

action algorithm
“administrative” section of the computer Apple Computer
Advanced Research Projects Agency (ARPA) arithmetic and logic unit (ALU)



30 Introduction to Computers, the Internet, the Web and C#

assembler

assembly language

bandwidth

batch

batch processing

building-block approach

C programming language

C# programming language

C++ programming language

calculation

Cascading Style Sheets (CSS)

central processing unit (CPU)

clarity

class

class libraries

Common Language Runtime (CLR)

Common Language Specification (CLS)

compiler

component

computation

computer

computer program

computer programmer

data

data independence

decision

disk

distributed computing

ECMA (European Computer
Manufacturer’s Association)

e-mail (electronic mail)

Framework Class Library (FCL)

functionalization

HailStorm Web service

hardware

hardware platform

high-level language

HTML (HyperText Markup Language)

HTTP (HyperText Transfer Protocol)

IBM (International Business Machines)

input device

input unit

Internet

interpreter

intranet

IP (Internet Protocol)

Java programming language

job

keyboard

language independence

language interoperability
live-code™ approach

logical decision

logical unit

machine dependent

machine language

maintenance of software
“manufacturing” section of the computer
memory

memory unit

Microsoft NET

Microsoft Intermediate Language (MSIL)
mouse

multiprogramming

multitasking

.NET Framework

.NET initiative

.NET language

n-tier application

object

object-based programming
object-oriented language
object-oriented programming (OOP)
operating system

output device

output unit

Pascal programming language
personal computer

platform independence

portability

porting

primary memory

processing unit

program

programmer

property of an object

“receiving” section of the computer
reusable software component
screen

secondary storage

share the resources of a computer
“shipping” section of the computer
silicon chip

SOAP (Simple Object Access Protocol)
software

software component

software reuse

structured programming
subscription-based software

task

Chapter 1
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TCP (Transmission Control Protocol)

TCP/IP (Transmission Control
Protocol/Internet Protocol)

terminal

throughput

timesharing

translator program

universal data access

UNIX

virtual-memory operating system

Visual Basic .NET programming language
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visual programming

W3C (World Wide Web Consortium)

W3C Recommendation

“warehouse” section of the computer

Web Form

Web service

Web site

Win32 API (Windows 32-bit Application
Programming Interface)

World Wide Web (WWW)

XML (Extensible Markup Language)

1.1 Fill in the blanks in each of the following statements:

a) A computer can directly understand only its native

posed only of 1s and Os.

language, which is com-

b) Computers process data under the control of sets of instructions called computer

¢) SOAP is an acronym for

d) is a technology derived from SGML that is used to create mark up languag-

€s.

e) The three types of languages discussed in the chapter are machine languages,

and

f) Programs that translate high-level language programs into machine language are called

g) Visual Studio .NET is a/an

h) Cis widely known as the development language of the

i) The

(IDE) in which C# programs are developed.
operating system.

provides a large programming library for .NET languages.

j)  The Department of Defense developed the Ada language with a capability called multi-
tasking, which allows programmers to specify activities that can proceed in parallel. C#

offers a similar capability called

k) Web services use

to mark up and send information over the

Internet, respectively.

1.2 State whether each of the following is true or false. If false, explain why.
a) Universal data access is an essential part of NET.
b) W3C standards are called recommendations.

c) C#is an object-oriented language.

d) The Common Language Runtime (CLR) requires that programmers manage their own

memory.

e) C# is the only language available for programming .NET applications.
f) Procedural programming models the world more naturally than object-oriented program-

ming.

g) Computers can directly understand high-level languages.
h) MSIL is the common intermediate format to which all .NET programs compile, regard-

less of their original .NET language.

i) The .NET Framework is portable to non-Windows platforms.
j) Compiled programs run faster than their corresponding interpreted programs.
k) Throughput is the amount of work a computer can process in a given time period.
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ANSWERS TO SELF-REVIEW EXERCISES

1.1 a) machine. b) programs. c) Simple Object Access Protocol. d) XML. e) assembly languages,
high-level languages. f) compilers. g) integrated development environment (IDE). h) UNIX.
i) Framework Class Library (FCL). j) multithreading. k) XML, SOAP.

1.2 a) True. b) True. c) True. d) False. The CLR handles memory management. e) False. C# is
one of many .NET languages (others include Visual Basic and Visual C++). f) False. Object-oriented
programming is a more natural way to model the world than is procedural programming. g) False.
Computers can directly understand only their own machine languages. h) True. i) True. j) True. k)
True.

EXERCISES
13 Categorize each of the following items as either hardware or software:
a) CPU.

b) Compiler.

¢) Input unit.

d) A word-processor program.

e) A Visual Basic .NET program.

1.4 Distinguish between the terms HTML, XML and XHTML.

1.5 Translator programs, such as assemblers and compilers, convert programs from one language
(referred to as the source language) to another language (referred to as the object language or target
language). Determine which of the following statements are frue and which are false:

a) An assembler translates source language programs into machine language programs.

b) A compiler converts source-language programs into object-language programs.

c) High-level languages are generally machine dependent.

d) A machine-language program requires translation before it can be run on a computer.

e) The Visual Basic .NET compiler translates a high-level language into SMIL.

1.6 What are the basic requirements of a .NET language? What is needed to run a .NET program
on a new type of computer (machine)?

1.7 Expand each of the following acronyms:
a) W3C.
b) XML.
c) SOAP.
d) TCP/IP.
e) OOP.
f) CLR.
g) CLS.
h) FCL.
i) MSIL.

1.8 What are the key benefits of the .NET Framework and the CLR? What are the drawbacks?
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Objectives

* To become familiar with the Visual Studio .NET
Integrated development environment (IDE).

* To become familiar with the types of commands
contained in the IDE’s menus and toolbars.

* To identify and understand the use of various kinds of
windows in Visual Studio .NET.

* To understand the features provided by the toolbar.

* To understand Visual Studio .NET’s help features.

* To be able to create, compile and execute a simple C#
program.

Seeing is believing.

Proverb

Form ever follows function.

Louis Henri Sullivan

Intelligence... is the faculty of making artificial objects,

especially tools to make tools.

Henri-Louis Bergson
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2.1 Introduction

Visual Studio .NET is Microsoft’s integrated development environment (IDE) for creating,
documenting, running and debugging programs written in a variety of .NET programming
languages. Visual Studio .NET also offers editing tools for manipulating several types of
files. Visual Studio .NET is a powerful and sophisticated tool for creating business-critical
and mission-critical applications. In this chapter, we provide an overview of the Visual Stu-
dio .NET features needed to create a simple C# program. We introduce additional IDE fea-
tures throughout the book.

2.2 Visual Studio .NET Integrated Development Environment
(IDE) Overview

When Visual Studio .NET is executed for the first time, the Start Page is displayed
(Fig. 2.1). This page contains helpful links, which appear on the left side of the Start
Page. Users can click the name of a section (such as Get Started) to browse its contents.
We refer to single-clicking with the left mouse button as selecting or clicking and to click-
ing twice with the left mouse button as double-clicking. [Note: The user should be aware
that there are slight differences in the way Visual Studio appears based on the version being
used.]

The Get Started section contains links to recently opened projects. The most recently
opened projects appear on this list (such as ASimpleProgram in Fig. 2.1), along with
their modification dates. Alternately, the user can go to the select Recent Projects from
the File menu. The first time Visual Studio .NET is loaded, this section will be empty.
There are two buttons on the page: Open Project and New Project. A button is a raised,
rectangular area that performs an action when clicked.

The What’s New section displays new features and updates for Visual Studio .NET,
including downloads for code samples and new programming tools. The Online Commu-
nity section includes ways to contact other software developers, using newsgroups, Web
pages and other online resources. The Headlines section provides a way to browse news,
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Navigation buttons Location bar
Hidden window Start Page links Buttons Recent projects

Fig. 2.1 Start Page in Visual Studio .NET.

articles and how-to guides. Use the Search Online section to browse through the MSDN
(Microsoft Developer Network) online library. The MSDN site includes numerous articles,
downloads and tutorials for a variety of technologies. The Downloads section allows the
user to obtain updates and code samples. The XML Web Services page provides pro-
grammers with information about Web services, which are reusable pieces of software
available on the Internet. We discuss this technology in Chapter 21, ASP .NET and Web
Services. Web Hosting provides information for developers who wish to post their soft-
ware (such as Web services) online for public use. The My Profile page allows users to
customize Visual Studio .NET, such as setting keyboard and window layout preferences.
Users also can customize Visual Studio .NET selecting Options... or Customize... from
the Tools menu. [Note: From this point forward, we use the > character to indicate the
selection of a menu command. For example, we use the notation Tools > Options... and
Tools > Customize... to indicate the selection of the Options... and Customize...
commands, respectively.] Visual Studio .NET can even browse the Web—Internet
Explorer is part of the IDE. To access a Web page, type its address into the location bar (see
Fig. 2.1) and press the Enter key. [Note: The computer must be connected to the Internet.]



36 Introduction to the Visual Studio .NET IDE Chapter 2

Several other windows appear in the IDE in addition to the Start Page. We discuss these
windows in the following sections.

To create a new C# program, click the New Project button in the Get Started sec-
tion. This action displays the dialog in Fig. 2.2. Dialogs are windows used to communicate
with users. They typically contain buttons that allow the users to make decisions.

Visual Studio .NET organizes programs into projects and solutions. A project is a group
of related files, such as C# code, images and documentation. A solution is a group of projects
that represent a complete application, or a set of related applications. Each project in the
solution may perform a different task. In this chapter, we create a single-project solution.

Visual Studio .NET allows us to create projects in a variety of programming languages.
This book focuses on C#, so select the Visual C# Projects folder (Fig. 2.2). There are a
variety of project types from which to choose, several of which are used throughout this
book. In this case, create a Windows application. Windows applications are programs that
execute inside the Windows OS, like Microsoft Word, Internet Explorer and Visual Studio
.NET. Typically, they contain controls—graphical elements, such as buttons and labels—
with which the user interacts.

By default, Visual Studio .NET assigns the name WindowsApplicationl to the
project and to the solution (Fig. 2.2). The default location for storing related files is the
folder where the last project was created. The first time Visual Studio .NET executes, the
default folder is the Visual Studio Projects folder in the My Documents folder. The
user can change both the name and the location of the folder in which to save the project.
After selecting a name and location for the project, click OK in the New Project dialog.
The IDE will then change its appearance, as shown in Fig. 2.3.

Visual C# Projects folder Visual C# Windows application (selected)

Description
- of selected
project

Project location  Project name

Fig. 2.2 New Project dialog.
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Tabs Menu Title bar Menu bar Solution Explorer

Form (Windows application) Active tab  Properties window

Fig. 2.3 Visual Studio .NET environment after a new project has been created.

The gray rectangle represents the window for our application. This rectangle is called
the form. We discuss how to add controls to the form later in this chapter. The form and con-
trols are the graphical user interface (GUI) of the program. They are the graphical compo-
nents through which the user interacts with the program. Users enter data (inputs) into the
program by entering information from the keyboard and by clicking the mouse buttons. The
program displays instructions and other information (outputs) for users to read in the GUI.

The top of the IDE window (the title bar in Fig.2.3) displays Windows-
Application1 - Microsoft Visual C# .NET [design] - Form1.cs [Design]. This title
provides the name of the project (WindowsApplication1), the programming language
(Microsoft Visual C# .NET), the mode of the IDE (design mode), the file being viewed
(Form1.cs) and the mode of the file being viewed (Design mode). The file name
Forml.cs is the default for Windows applications. We discuss the various modes in
Section 2.6.

Notice how a tab appears for each open document. In our case, the documents are the
Start Page and Form1.cs [Design]. To view a tabbed document, click the tab with the
name of the document you wish to view. Tabbing saves space and allows easy access to
multiple documents.

2.3 Menu Bar and Toolbar

Commands for managing the IDE and for developing, maintaining and executing programs
are contained in the menus. Figure 2.4 shows the menus displayed on the menu bar. Menus
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contain groups of related commands that, when selected, cause the IDE to perform various
actions (e.g., open a window). For example, new projects can be created by selecting File >
New > Project... from the menu bar. The menus shown in Fig. 2.4 are summarized in
Fig. 2.5. Visual Studio .NET provides different modes for the user. One of these modes is
the design mode, which will be discussed later. Certain menu items appear only in specific
IDE modes.

Rather than having to navigate the menus for certain commonly used commands, the
programmer can access the commands from the foolbar (Fig. 2.6). The toolbar contains
pictures called icons that represent commands. To execute a command, click its icon. Click
the down arrow beside an icon to display other available options. Figure 2.6 shows the stan-
dard (default) toolbar and an icon that uses the down arrow.

tuw Eh o bl Exl o Fag B~ Fon A _nk Vrnbh o HeR

Fig. 2.4 Visual Studio .NET menu bar.

Menu Description

File Contains commands for opening projects, closing projects, printing projects, etc.

Edit Contains commands such as cut, paste, find, undo, etc.

View Contains commands for displaying IDE windows and toolbars.

Project Contains commands for adding features, such as forms, to the project.

Build Contains commands for compiling a program.

Debug Contains commands for debugging and executing a program.

Data Contains commands for interacting with databases.

Format Contains commands for arranging a form’s controls.

Tools Contains commands for additional IDE tools and options for customizing the
environment.

Windows Contains commands for arranging and displaying windows.

Help Contains commands for getting help.

Fig. 2.5 Visual Studio .NET menu summary.

Toolbar icon (indicates a command to open a file)
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additional
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Fig. 2.6 Visual Studio .NET toolbar.
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Holding the mouse pointer over an icon on the toolbar highlights that icon and displays
a description called a tool tip (Fig. 2.7). Tool tips help users understand the purposes of
unfamiliar icons.

2.4 Visual Studio .NET Windows

Visual Studio .NET provides users with windows for exploring files and customizing con-
trols. In this section, we discuss the windows that are essential for developing C# applica-
tions. These windows can be accessed using the toolbar icons below the menu bar and on
the right edge of the toolbar (Fig. 2.8), or by selecting the name of the desired window from
the View menu.

2.4.1 Solution Explorer

The Solution Explorer window (Fig. 2.9) lists all the files in the solution. When Visual
Studio .NET is first loaded, the Solution Explorer is empty—there are no files to display.
After a new project has been created or an existing project has been loaded, the Solution
Explorer displays that project’s contents.

The startup project of the solution is the project that runs when the solution is exe-
cuted. It appears in bold text in the Solution Explorer. For our single-project solution,
the startup project (WindowsApplicationl) is the only project. The C# file is
Forml . cs; it contains the program’s code. We discuss the other files and folders later in
the book.

The plus and minus boxes to the left of the project and solution names expand and col-
lapse the tree, respectively (similar to those in Windows Explorer). Click a plus box to dis-
play more options; click a minus box to collapse a tree that already is expanded. Users also
can expand or collapse a tree by double-clicking the name of the folder. Many other Visual
Studio .NET windows use the plus/minus convention as well.

o= I rosnll Do id Fossiroomnenl [ih=mpn |
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Fig. 2.7 Tool tip demonstration.

Solution Explorer Properties Toolbox
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Fig. 2.8 Toolbar icons for various Visual Studio .NET windows.
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Refresh Display all files Properties window
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Fig. 2.9 Solution Explorer window.

The Solution Explorer contains a toolbar. One icon on the toolbar reloads the files
in the solution (refreshes), and another icon displays all files in the solution (including
hidden ones). The number of icons in the toolbar changes depending on the type of file
selected. We discuss these icons later in the book.

2.4.2 Toolbox

The Toolbox (Fig. 2.10) contains reusable software components (or controls) that can be
used to customize applications. Using visual programming, programmers can “drag and
drop” controls onto a form instead of writing code themselves. Just as people do not need
to know how to build an engine to drive a car, programmers do not need to build a control
to use it. This allows them to concentrate on the big picture, rather than the complex details
of every control. The wide variety of tools available to programmers is a powerful feature
of C#. We demonstrate the power of the controls in the Toolbox when we create our own
program later in the chapter.

The Toolbox contains groups of related components (e.g., Data, Components,
Windows Forms). Expand the members of a group by clicking the name of the group.
Users can scroll through the individual items by using the black scroll arrows on the right
side of the Toolbox. The first item in the group is not a control—it is the mouse pointer.
Clicking this icon allows the user to deselect the current control in the Toolbox. Note that
there are no tool tips, because the ToolboX icons already are labeled with the names of the
controls. In later chapters, we discuss many of these controls.

Initially, the Toolbox may be hidden, with only the name of the window showing on
the side of the IDE (Fig. 2.11). Moving the mouse pointer over a window name opens this
window. Moving the mouse pointer outside the window causes the window to disappear.
This feature is known as auto hide. To “pin down” the Toolbox (i.e., disable auto hide),
click the pin icon in the upper right corner of the window (see Fig. 2.11). To enable auto
hide (if it previously has been disabled), click the pin icon again. Notice that when auto hide
is enabled, the pin points to the side, as is shown in Fig. 2.11.
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Demonstrating window auto-hide.
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2.4.3 Properties Window

The Properties window (Fig. 2.12) allows manipulation of the properties for a form or
control. Properties specify information about a control, such as size, color and position.
Each control has its own set of properties. The bottom of the Properties window contains
a description of the selected property.

The left column of the Properties window shows the properties of the control (a form
in Fig. 2.12). The right column displays their current values. Icons on the toolbar sort the
properties either alphabetically (by clicking the Alphabetic icon) or categorically (by
clicking the Categorized icon). Users can scroll through the list of properties by dragging
the scrollbar up or down (i.e., holding down the left mouse button while the mouse cursor
is over the scrollbar, moving the mouse up or down and releasing the mouse button). The
Event icon allows the control or form to respond to certain user actions. We discuss events
in Chapter 12, Graphical User Interface Concepts: Part 1. We show how to set individual
properties later in this chapter and throughout the book.

The Properties window also is important to visual programming. Controls are usu-
ally customized after they are created from the Toolbox. The Properties window allows
programmers to modify controls visually, without writing code. This setup has a number of
benefits. First, the programmer can see which properties are available for modification and
what the possible values are; the programmer does not have to look up or remember what
settings a particular property can have. Second, the window displays a brief description of
each property, allowing the programmer to understand each property’s purpose. Third, a
property’s value can be set quickly using the window; only a single click is required, and
no code need be written. All these features are designed to help software developers pro-
gram without performing many repetitive tasks.

At the top of the Properties window is a drop-down list called the component selec-
tion. This list shows the current component that is being altered. The programmer can use
the list to choose which component to edit. For example, if a GUI contains several buttons,
the programmer can select the name of a specific button to configure.

2.5 Using Help

Visual Studio .NET has an extensive help mechanism. The Help menu contains a variety
of options. The Contents menu item displays a categorized table of contents. Menu item
Index displays an alphabetical index that users can browse. The Search feature allows us-
ers to find particular help articles based on a few search words. In each case, a filter can
narrow the search to articles related only to C#.

Dynamic help (Fig. 2.13) provides a list of articles based on the current content (i.e.,
the items around the location of the mouse cursor). To open dynamic help (if it is not
already open), select the Help menu’s Dynamic Help command. Once you click an
object to display in Visual Studio .NET, relevant help articles will appear in the Dynamic
Help window. The window lists relevant help entries, samples and “Getting Started” infor-
mation, in addition to providing a toolbar for the regular help features. Dynamic help is an
excellent way to get information about the features of Visual Studio .NET. Note that for
some users, Dynamic Help slows down Visual Studio.
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Fig. 2.12 Properties window.

Performance Tip 2.1

3 _J If you experience slow response times from Visual Studio, you can disable (i.e., close) Dy-

¥ namic Help by clicking the X in the upper-right corner of the window.

In addition to dynamic help, Visual Studio .NET provides context-sensitive help. Con-
text-sensitive help is similar to dynamic help, except that context-sensitive text immedi-
ately brings up a relevant help article rather than presenting a list. To use context-sensitive
help, select an item and press the F/ key. Help can appear either internally or externally.
With external help, a relevant article immediately pops up in a separate window, outside
the IDE. With internal help, a help article appears as a tabbed window inside Visual Studio
.NET. The help options can be set from the My Profile section of the Start Page.
Dynamic help and context-sensitive help are explained in the context of C# code later in
the book.
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Selected item Dynamic Help window

Relevant help articles for currently
selected item (Start Page)

Fig. 2.13 Dynamic Help window.

2.6 Simple Program: Displaying Text and an Image

In this section, we create a program that displays the text “Welcome to C#!” and an im-
age. The program consists of a single form that uses a label to display text and a picture box
to display an image. Figure 2.14 shows the program as it executes. The example here (as
well as the image file used in the example) is available on our Web Site (www.dei-
tel.com) under the Downloads/Resources link.

We do not write a single line of program code. Instead, we use the techniques of visual
programming. Various programmer gestures (such as using the mouse for pointing,
clicking, dragging and dropping) provide Visual Studio .NET with sufficient information
for it to generate all or a major portion of the program code. In the next chapter, we begin
our discussion of writing program code. Throughout the book, we produce increasingly
substantial and powerful programs. Visual C# programming usually involves a combina-
tion of writing a portion of the program code and having Visual Studio .NET generate the
remaining code.

To create, run and terminate this first program, perform the following steps:

1. Create the new project. If a project is already open, close it by selecting File >
Close Solution from the menu. A dialog asking whether to save the current so-
lution may appear in order to keep any unsaved changes, save the solution. Create
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Fig. 2.14

Simple program as it executes.

anew Windows application for our program. Open Visual Studio .NET, and select
File > New > Project... > Visual C# Projects > Windows Application
(Fig. 2.15). Name the project ASimpleProgram, and select a directory in which
to save the project. To do this, click the Browse... button, which opens a Project
Location dialog (Fig. 2.16). Navigate through the directories, find one in which
to place the project and select OK. This selection returns us to the New Project
dialog; the selected folder appears in the Location text field. When you are sat-
isfied with the location of the project, click OK. Visual Studio .NET will load the
new solution, and a form labeled Form1 will appear.

\ Project

type

Project Project Click to change
location name project location

Fig. 2.15

Creating a new Windows application.
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Selected project location Click to set project location

Fig. 2.16 Setting the project location.

2. Set the form’s title bar. First, set the text that appears in the title bar. This text is
determined by the form’s Text property (Fig. 2.17). If the form’s Properties
window is not open, click the Properties icon in the toolbar or select the View
menu’s Properties Window command. Use the mouse to select the form; the
Properties window shows information about the currently selected item. In the
window, click in the box to the right of the Text property’s box. To set a value
for the Text property, type the value in the box. In this case, type A Simple
Program, as in Fig. 2.17. Press the Enter key (the Return key) when you have
finished to update the form’s title bar in the design area.

Name and type

- ofobject

Selected
property <« Property value
Property

description >

Fig. 2.17 Setting the form’s Text property.
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3. Resize the form. Click and drag one of the form’s enabled sizing handles (the small
squares around the form shown in Fig. 2.18) to change the size of the form. En-
abled sizing handles are white. The mouse cursor changes appearance when it is
over an enabled sizing handle. Disabled sizing handles are gray. The grid on the
background of the form is used to align controls and does not appear when the pro-
gram executes.

4. Change the form’s background color. The BackColor property specifies a
form’s or control’s background color. Clicking BackColor in the Properties
window causes a down-arrow button to appear next to the property value
(Fig. 2.19). When clicked, the down arrow drops down to display other options.
(The options vary, depending on the property.) In this case, it displays the tabs
System (the default), Web and Custom. Click the Custom tab to display the
palette (a selection box of colors). Select the box that represents yellow. The pal-
ette will disappear, and the form’s background color will change to yellow.
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Fig. 2.18 Form with sizing handles.
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Fig.2.19 Changing property BackColor.
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5. Add a label control to the form. Double-click the label control in the Toolbox.

This action creates a label with sizing handles in the upper-left corner of the form
(Fig. 2.20). Double-clicking any Toolbox control places it on the form. Alterna-
tively, programmers can “drag” controls from the Toolbox to the form. Labels
display text; our label displays 1abell by default. Notice that our label is the
same color as the form’s background color. The form’s background color is also
the default background color of controls added to the form.

Set the label’s text. Select the label so that its properties appear in the Properties
window. The label’s Text property determines the text (if any) that the label dis-
plays. The form and label each have their own Text property. Forms and controls
can have the same types of properties without conflict. We will see that many con-
trols have property names in common. Set the Text property of the label to Wel -
come to C#! (Fig. 2.21). Resize the label (using the sizing handles) if the text
does not fit. Move the label to the top center of the form by dragging it or using
the arrow keys. Alternatively, you can move the label by selecting Format >
Center In Form > Horizontally from the menu bar.

Labelcontrol — L4 a

............ . New background
............ - - .5 color

Fig. 2.20

Adding a new label to the form.

E.CEOTIEIENOO M L&l | apel centered

<—————1— with updated
- Text property

Fig. 2.21

Label in position with its Text property set.
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7.

Set the label’s font size, and align the label’s text. Clicking the Fon t property val-
ue causes an ellipsis button (...) to appear next to the value, as in Fig. 2.22. The
ellipsis button indicates that a dialog will appear when the programmer clicks the
button. When the button is clicked, the Font window shown in Fig. 2.23 is dis-
played. Users can select the font name (Microsoft Sans Serif, Arial, etc.), font
style (Regular, Bold, etc.) and font size (8, 10, etc.) in this window. The text in
the Sample area displays the selected font. Under the Size category, select 24
and click OK. If the text does not fit on a single line, it will wrap to the next line.
Resize the label if it is not large enough to hold the text. Next, select the label’s
TextAlign property, which determines how the text is aligned within the label.
A three-by-three grid of alignment choices is displayed, corresponding to where
the text appears in the label (Fig. 2.24). Select the top-center grid item, so that the
text will appear at the top center of the label.

8. Add a picture box to the form. The picture-box control displays images. This step is

similar to Step 5. Find the picture box in the toolbox, and add it to the form. Move
it underneath the label, by either dragging it or using the arrow keys (Fig. 2.25).

Ellipsis indicates
dialog will
appear

Fig. 2.22

Current

Properties window displaying the label’s properties.

font ——»

<« Fontsample

Fig. 2.23

Font window for selecting fonts, styles and sizes.
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9. Insert an image. Click the picture box to load its properties in the Properties

window, and find the Image property. The Image property shows a preview of
the current picture. No picture has been assigned, so the Image property displays
(none) (Fig.2.26). Click the ellipsis button to display an Open dialog
(Fig. 2.27). Browse for a picture to insert, and press Enter key. The proper formats
of an image include PNG (Portable Networks Graphic), GIF (Graphic Interchange
Format) and JPEG (Joint Photographics Experts Group). Each of these file for-
mats is widely supported on the Internet. To create a new picture, it is necessary
to use image-editing software, such as Jasc Paint Shop Pro, Adobe Photoshop El-
ements or Microsoft Paint. We use the picture ASimpleProgramImage.pngd,
which is located with this example on the CD that accompanies the book and on
our Web site (www.deitel. com). After the image has been inserted, the picture
box displays as much of the picture as it can (depending on size) and the Image
property shows a small preview. To display the entire image, resize the picture
box by dragging the picture box’s handles (Fig. 2.28).
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Image property
value (noimage
selected)

Fig. 2.26 Image property of the picture box.

Fig. 2.27 Selecting an image for the picture box.

Newly inserted

- image (after resizing
the picture box)

Fig. 2.28 Picture box after the image has been inserted.
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10.

11.

Save the project. Select File > Save All to save the entire solution. To save an
individual file, select it in the Solution Explorer, and select File > Save. The
created program stores the source code in the C# file Forml . cs. The project file
contains the names and locations of all the files in the project. Choosing Save All
saves both the project and the C# file.

Run the project. Prior to this step, we have been working in the IDE design mode
(i.e., the program being created is not executing). This mode is indicated by the
text Microsoft Visual C# .NET [design] in the title bar. While in design mode,
programmers have access to all the environment windows (i.e., Toolbox and
Properties), menus, toolbars and so forth. While in run mode, however, the pro-
gram is executing, and users can interact with only a few IDE features. Features
that are not available are disabled or grayed out. The text Form1.cs [Design] in
the title bar means that we are designing the form visually, rather than program-
ming it using code. If we had been writing code, the title bar would have contained
only the text Form1.cs. To execute or run our program, we first need to compile
it, which is accomplished by clicking on the Build Solution option in the Build
menu (or type <Ctrl> + Shift + B). The program can then be executed by clicking
the Startbutton (the blue triangle), selecting the Debug menu’s Start command
or pressing the F5 key. Figure 2.29 shows the IDE in run mode. Note that the IDE
title bar displays [run] and that many toolbar icons are disabled.

Start button End button Run mode  Designing form

Form design (with grid) Running application

Fig. 2.29

IDE in run mode, with the running application in the foreground.
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12. Terminating execution. To terminate the program, click the running application’s
Close button (the X in the top-right corner). Alternatively, click the End button
(the blue square) in the toolbar. Either action stops program execution and puts the
IDE into design mode.

We have just created a working C# program without writing a single line of code.
Visual programming allows us to create controls and set properties using windows, rather
than lines of code. In the next chapter, we discuss nonvisual, or conventional, program-
ming—we create a program using only code. C# programming is a mixture of the two
styles: Visual programming allows us to develop a GUI and avoid tedious tasks, while
conventional programming specifies the behavior of our program. The most important
part of an application is its behavior, which we explain how to program in the upcoming
chapters.

—

! Visual programming can be simpler and faster than writing code.

! Most programs require more than visual programming. In such programs, some code must
be written by hand. Examples include applications that use event handlers (used to respond
to the user’s actions), databases, security, networking, text editing, graphics and multimedia.

SUMMARY

* Visual Studio .NET is Microsoft’s integrated development environment (IDE) for creating, docu-
menting, running and debugging programs.

* When Visual Studio .NET is loaded for the first time, the Start Page is displayed. This page con-
tains helpful links, such as recent projects, online newsgroups, downloads and user profile settings.

» The Get Started section contains links to recent files.

» The My Profile page allows users to customize Visual Studio .NET.

* In the Visual Studio .NET IDE, users can browse the Web via Internet Explorer.
» Dialogs are windows that are used to communicate with users.

* Programs in Visual Studio .NET are organized into projects and solutions. A project is a group of
related files. A solution is a group of projects that are combined to solve a developer’s problem.

* Windows applications are programs that execute inside the Windows OS, like Microsoft Word,
Internet Explorer and Visual Studio .NET. They contain controls—reusable graphical elements,
such as buttons and labels—which the user uses to interact with the application.

* The form is what the users interact with and view when programs run.
* The form and its controls constitute the graphical user interface (GUI) of the program. Controls
are the graphical components with which the user interacts. Users enter data (inputs) into the pro-

gram by entering information from the keyboard and clicking the mouse buttons. The program dis-
plays instructions and other information (outputs) for users to read in the GUL

» The title bar displays the name of the project, the programming language, the mode of the IDE, the
file being viewed and the mode of the file being viewed.

* To view a tabbed document, click the tab with the name of the document. Tabbing saves space and
allows easy access to multiple documents.
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* Menus contain groups of related commands that, when selected, cause the IDE to perform some
action. Visual Studio .NET provides different modes for the user. Certain menu items appear only
in some of these modes.

* The toolbar contains icons that represent menu commands. To execute a command, click the cor-
responding icon. Click the down arrow beside an icon to display other available options.

* Moving the mouse pointer over an icon highlights the icon and displays a tool tip.

 The Solution Explorer window lists all the files in the solution.

* The startup project of the solution is the project that runs when the program is executed.

* The plus and minus boxes to the left of the project and solution names expand and collapse the
tree, respectively.

» The Toolbox contains controls that customize forms.

¢ By using visual programming, programmers can “drag and drop” controls onto the form instead
of writing the code themselves.

* Moving the mouse pointer over the label of a hidden window opens the window. Moving the
mouse pointer outside the window causes the window to disappear. This feature is known as auto
hide. To “pin down” the Toolbox window (i.e., to disable auto hide), click the pin icon in the up-
per-right corner.

» The Properties window displays the properties for a form or control. Properties are information
about a control, such as size, color and position.

» Each type of control has its own set of properties.

* The left column of the Properties window shows the properties of the control. The right column
displays their current values. The toolbar sorts the properties either alphabetically (by clicking the
Alphabetic icon) or categorically (by clicking the Categorized icon).

» The Properties window allows programmers to modify controls visually, without writing code.

 The Help menu contains a variety of options. The Contents menu item displays a categorized
table of contents. Menu item Index displays an alphabetical index that can be browsed. The
Search feature allows users to find particular help articles, based on a few search words.

* For each option of the Help menu, a filter can be used to narrow the search to articles relating only
to C#.

e Dynamic help provides a list of articles, based on the current content (i.e., the location of the
mouse Cursor).

* Context-sensitive help is similar to dynamic help, except that context-sensitive help immediately
brings up a relevant help article. To use context-sensitive help, select an item and press the F'/ key.

¢ Visual C# programming usually involves a combination of writing a portion of the program code
and having Visual Studio .NET generate the remaining code.

* To create a new Windows Forms project, open Visual Studio .NET and select File > New >
Project...> Visual C# Projects > Windows Application. Name the project, and select a di-
rectory. Then click OK. Visual Studio .NET will load the new solution, and a blank form labeled
Form1 will appear.

¢ The text that appears on the top of the form (the title bar) is determined by the Text property of
the form. To set a value for the property, simply type it in the space provided. Press the Enter key
(Return key) when you have finished.

* To resize the form, click and drag one of the form’s enabled sizing handles (the small squares
around the form). Enabled sizing handles are white; disabled sizing handles are gray.

* The grid on the background of the form is used to align controls and does not appear when the
program is running.
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The BackColor property specifies a form’s or control’s background color. The form’s back-
ground color is the default background color for any controls added to the form.

Double-clicking any ToolboXx control icon places a control of that type on the form. Alternatively,
programmers can “drag” controls from the Toolbox to the form.

The label’s Text property determines the text (if any) that the label displays. The form and label
each have their own Text property.

When clicked, the ellipsis button displays a dialog.
In the Font dialog users can select a font using the font name, font style and font size.
The TextAlign property determines how the text is aligned within the label’s boundaries.

The picture-box control allows us to display an image on the form. The Image property shows a
preview of the current picture. To select an image, click the ellipsis button, which displays an
Open dialog. Browse for a picture to insert (of the proper format, such as PNG, GIF or JPEG),
and then press the Enter key.

Select File > Save All to save the entire solution. To save an individual file, select it in the So-
lution Explorer and select File > Save.

The IDE design mode (i.e., the program is not executing) is indicated by the text Microsoft Vi-
sual C# .NET [Design] in the title bar.

While in run mode, the program is executing, and users can interact with only a few IDE features.
When designing a program visually, the name of the C# file will appear in the title bar, followed
by [Design].

To execute or run a program, click the Start button (the blue triangle), or select Debug> Start.
The IDE title bar displays [Run], and many toolbar icons are disabled.

Terminate execution by clicking the Close button. Alternatively, click the End button (a blue

square) in the toolbar.

TERMINOLOGY

Alignment property

Alphabetic icon

Appearance category in the
Properties window

auto hide

BackColor property

background color

Build menu

button

Categorized icon

clicking

close a project

Close button icon

collapse a tree

compile a program

context-sensitive help

control

control layout

customize a form

customize Visual Studio .NET

Data menu

debug a program
Debug menu
design mode
dialog
double-clicking
down arrow
dynamic help
Dynamic Help window
Edit menu
expand a tree
external help

F1 help key

File menu

find

Font property
font size

font style

Font window
form

form’s background color
form’s title bar
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Format menu

GUI (Graphical User Interface)
help filter

Help menu

icon

IDE (integrated development environment)
input

internal help

Internet Explorer

label

menu

menu bar in Visual Studio .NET
mouse pointer

new project in Visual Studio .NET
opening a project

output

palette

paste

picture box

pin a window

print a project

project

Project menu

Properties window

property

SELF-REVIEW EXERCISES

Chapter 2

property for a form or control
recent project

Run menu

run mode

selecting

single-clicking with the left mouse button
sizing handle

solution

Solution Explorer in Visual Studio NET
Start button

Start Page

startup project

tabbed window

Text property

title bar

tool tip

toolbar

toolbar icon

Tools menu

undo

View menu

Visual Studio .NET

window layout

Windows application
Windows menu

21 Fill in the blanks in each of the following statements:

a) The technique of

allows us to create a GUI without writing any code.

b) A is a group of related files, compiled into one application.

c) The feature saves screen space when the mouse is moved away from a win-
dow.

d A appears when the mouse cursor hovers over an icon.

e) The window allows you to browse the files in your solution.

f) A plus icon indicates that the tree in the Solution Explorer can
g) The Properties window can be sorted or .

h) The form’s
i) The

property determines the text that appears in its title bar.
allows us to add controls to the form visually.

1) displays relevant help articles, based on the current context.

2.2 State whether each of the following is true or false. If false, explain why.
a) The title bar displays the mode of the IDE.
b) The Start Page allows the user to customize the IDE.
¢) The x button toggles auto hide in most windows.
d) The toolbar provides a convenient way to execute certain menu commands.
e) The toolbar contains the control icons.
f) A form’s sizing handles are always enabled when the form is selected.
g) Both forms and labels have a title bar.
h) Controls can be modified only by writing code.
i) Buttons usually perform actions when clicked.
j)  The grid appears when designing a form, but not during execution.
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ANSWERS TO SELF-REVIEW EXERCISES

2.1 a) visual programming. b) project. ¢) auto hide. d) tool tip. ¢) Solution Explorer. f) expand.
2) alphabetically, categorically. h) Text. i) Toolbox. j) Dynamic help.

2.2 a) True. b) True. c) False. The pin icon toggles auto hide. d) True. ) False. The Toolbox
contains the control icons. f) False. Some of a form’s sizing handles are disabled. g) False. Forms
have a title bar; labels do not. h) False. Control properties can be set using the Properties window.
i) True. j) True.

EXERCISES

2.3 Fill in the blanks in each of the following statements:
a) The button in the Properties window indicates that a dialog will appear.
b) To save every file in a solution, use the menu selection
c) help immediately brings up a relevant article. It can be accessed pressing the

key.
d) GUI stands for

24 State whether each of the following is true or false. If false, explain why.
a) Certain menu items appear only when designing a form.
b) The form, label and picture box have identical properties.
c) A person can browse the Internet from within Visual Studio .NET.
d) Visual C# programmers often create complex applications without writing any code.
e) Sizing handles are visible during execution.

25 Some features appear throughout Visual Studio .NET, performing similar actions in different
contexts. Explain and give examples of how plus/minus icons, ellipsis buttons, down arrows and tool
tips act in this manner. Why do you think Visual Studio .NET was designed to be this way?

2.6 Build the GUIs described in each part of the exercise. (You need not provide any functional-
ity.) Execute each program, and determine what happens when a control is clicked with the mouse.
Drag controls from the Toolbox onto the form, and resize them as necessary.

a) This GUI consists of a MainMenu and a RichTextBox. Both controls can be dragged
from the ToolBox onto the form or double clicked. After inserting the MainMenu, add
items by clicking in the Type Here section, typing in the name of a menu item and press-
ing the Enter key. Resize the RichTextBox to fill the form.
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2.7

2.8

Introduction to the Visual Studio .NET IDE Chapter 2

b)

This GUI consists of two Labels (font size 12, yellow background): a MonthCalen-
dar and a RichTextBox. The calendar is displayed when the MonthCalendar is
dragged on the form. The MonthCalendar and RichTextBox controls are similar
to the controls we have seen previously. They can be dragged onto the form (or double
clicked), then manipulated with the Properties window. [Hint: Use the BackColor
property to change the background color of the labels.]
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Fill in the blanks in each of the following statements:

a)
b)
c)
d)

The property specifies which image a picture box displays.

The has an icon in the Toolbox, but is not a control.

The menu contains commands for arranging and displaying windows.
Property. determines a form’s or control’s background color.

Briefly describe each of the following IDE features:

a)
b)
c)
d)
e)
f)
2

toolbar
menu bar
toolbox
control
form
project
title bar



Introduction to C#
Programming

Objectives

* To be able to write simple C# programs.

* To be able to use input and output statements.

* To become familiar with primitive data types.

* To understand basic memory concepts.

* To be able to use arithmetic operators.

* To understand the precedence of arithmetic operators.
* To be able to write decision-making statements.

* To be able to use relational and equality operators.
Comment is free, but facts are sacred.

C. P. Scott

The creditor hath a better memory than the debtor.

James Howell

When faced with a decision, I always ask, “What would be
the most fun?”

Peggy Walker

Equality, in a social sense, may be divided into that of
condition and that of rights.

James Fenimore Cooper
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Outline

3.1 Introduction

3.2 Simple Program: Printing a Line of Text

3.3 Another Simple Program: Adding Integers

34 Memory Concepts

3.5 Arithmetic

3.6 Decision Making: Equality and Relational Operators

Summary ¢ Terminology  Self-Review Exercises * Answers to Self-Review Exercises ® Exercises

3.1 Introduction

This chapter introduces C# programming and presents examples that illustrate several im-
portant features of the language. Examples are analyzed one line at a time. In this chapter,
we create console applications—applications that contain only text output. There are sev-
eral types of projects that we can create in C#; the console application is one of the basic
types. Text output in a console application is displayed in a console window (also called a
console window). On Microsoft Windows 95/98, the console window is the MS-DOS
prompt. On Microsoft Windows NT/2000/XP, the console window is called the com-
mand prompt. With C#, a program can be created with multiple types of output (win-
dows, dialogs and so forth). These programs are called Windows applications and provide
graphical user interfaces. We showed an example of a Windows application in Chapter 2,
when we printed a message on a form. These types of applications will be discussed in
greater detail, beginning with Chapter 4, Control Structures: Part 1 and Chapter 5, Control
Structures: Part 2. In these chapters, we will also provide a detailed treatment of program
development and program control in C#.

3.2 Simple Program: Printing a Line of Text

C# uses some notations that might appear strange to nonprogrammers. We begin by con-
sidering a simple program that displays a line of text. The program and its output are shown
in Fig. 3.1. The program is followed by an output window that displays the program’s re-
sults. When you execute this program, the output will appear in a console window.

1

2

3

4  using System;

5

6 class Welcomel

7 {

8 static void Main( string[] args )
9 {

10 Console.WriteLine ( )
11 }

122 3}

Fig. 3.1 Ouir first program in C#. (Part 1 of 2.)
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Welcome to C# Programming!
Fig. 3.1 Ouir first program in C#. (Part 2 of 2.)

This program illustrates several important features of C#. All programs we present in
this book will include line numbers for the reader’s convenience; these line numbers are not
part of the C# programs. Line 10 in Fig. 3.1 does the “real work” of the program, displaying
the phrase Welcome to C# Programming! on the screen.

Line 1 begins with //, indicating that the remainder of the line is a comment. Program-
mers insert comments to document and improve the readability of their code. Comments
also help other people read and understand your programs. This comment simply indicates
the figure number and file name for this program. We begin each program in this book in
this manner. In this case, we have named the file Welcomel.cs. A comment that begins
with // is called a single-line comment, because the comment terminates at the end of the
line. Single-line comments can be placed almost anywhere in the program.

There is also a syntax for writing multiple-line comments. A multiple-line comment,
such as

begins with delimiter /* and ends with delimiter */. All text between these delimiters is
treated as a comment and is ignored by the compiler. In the Visual Studio .NET IDE, all
comment text appears in green. Comments of the form // and /* ... */ are ignored by the
compiler; therefore, they do not cause the computer to perform any action when the pro-
gram executes.

— jCOmmon Programming Error 3.1

Forgetting one of the delimiters of a multiple-line comment is a syntax error. A syntax error
is caused when the compiler cannot recognize a statement. The compiler normally issues an
error message to help the programmer locate and fix the incorrect statement. Syntax errors
are violations of the language rules. Syntax errors are also called compile errors, compile-
time errors or compilation errors because they are detected during the compilation phase. A
program cannot compile or execute until all the syntax errors are corrected.

! Visual Studio will often times catch syntax errors as you are creating the program, even be-

“fore the program is compiled. Look out for red jagged lines that may appear directly below
a syntax error.

C# uses the same syntax as the C programming language for multiple-line comments
(/*...*/) and the same syntax as C++ for single-line comments (//). C# programmers
generally use C++-style single-line comments, instead of C-style comments. Throughout
this book, we use mostly C++-style single-line comments.

— E|Good Programming Practice 3.1

Every program should begin with one or more comments that describe the program’s pur-
pose.
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Line 4 (known as a using directive) is generated by the Visual Studio IDE and
declares that the program uses features in the Sy'stem namespace. A namespace groups
various C# features into related categories. One of the great strengths of C# is that C# pro-
grammers can use the rich set of namespaces provided by the .NET framework. These
namespaces contain code that programmers can reuse, rather than “reinventing the
wheel.” This makes programming easier and faster. The namespaces that are defined in
the NET Framework contain preexisting code known as the .NET Framework Class
Library. An example of one of the features in namespace System is Console, which
we discuss momentarily. The various features are organized into namespaces that enable
programmers to locate them easily. We discuss many namespaces and their features
throughout the book.

Line 5 is a blank line. Programmers often use blank lines and space characters
throughout a program to make the program easier to read. Collectively, blank lines, space
characters, newline characters and tab characters are known as whitespace (space charac-
ters and tabs are known specifically as whitespace characters). Newline characters charac-
ters are “special characters” that indicate when to position the output cursor at the
beginning of the next line in the console window to continue output. The compiler ignores
blank lines, tabs and extra spaces that separate language elements. Several conventions for
using whitespace characters are discussed in this and subsequent chapters.

——un GOood Programming Practice 3.2
M Use blank lines, space characters and tab characters in a program to enhance program read-
ability.

Lines 6-12 define our first class (these lines collectively are called a class definition).
C# programs consist of pieces called classes, which are logical groupings of members (e.g.,
methods) that simplify program organization. These methods (which are like functions in
procedural programming languages) perform tasks and return information when the tasks
are completed. A C# program consists of classes and methods created by the programmer
and of preexisting classes found in the Framework Class Library. Throughout this book, we
will teach the reader how to use both techniques in their programs. Every program in C#
consists of at least one class definition that the programmer defines. These classes are
known as programmer-defined classes. In Chapter 8, Object-Based Programming, we dis-
cuss programs that contain multiple programmer-defined classes. The class keyword
begins a class definition in C# and is followed immediately by the class name (Welcomel,
in this example). Keywords (or reserved words) are reserved for use by C# and always con-
sist of lowercase letters. (A complete table of C# keywords is presented in the next chapter.)
By convention, each word in a class name begins with an uppercase first letter and has an
uppercase letter for each word in the class name (e.g., SampleClassName). The name
of the class is known as an identifier, which is a series of characters consisting of letters,
digits, underscores () and “at” symbols (@). Identifiers cannot begin with a digit and
cannot contain spaces. Examples of valid identifiers are Welcomel, value,
m_inputFieldl and button7. The name 7button is not a valid identifier because it
begins with a digit, and the name input f£ield is not a valid identifier because it contains
a space. The “at” character (@) can be used only as the first character in an identifier. C# is
case sensitive—uppercase and lowercase letters are considered different letters, so al and
A1 are different identifiers.
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C# is case sensitive. Not using the proper case for an identifier, e.g.,writing Total when the
identifier is total, is a compiler error.

— jCommon Programming Error 3.2

Always begin a class name with an uppercase first letter. This practice makes class names
easier to identify.

— [|Good Programming Practice 3.3

The left brace ({) at line 7 begins the body of the class definition. The corresponding
right brace (}) at line 12 ends the class definition. Notice that lines 8—11 in the body of the
class are indented. This is one of the spacing conventions mentioned earlier. Indentation
improves program readability. We define each spacing convention as a Good Program-
ming Practice.

—=- Common Programming Error 3.3

If braces do not occur in matching pairs, a syntax error occurs.

—w—an Good Programming Practice 3.4

When typing an opening left brace ({) in a program, immediately type the closing right brace
(}) then reposition the cursor between the braces to begin typing the body. This practice
helps prevent missing braces. Readers may notice that, when they type the closing brace, Vi-
sual Studio .NET makes both braces bold (as well as the first line of the class definition). This
is helpful in the creation of more complex programs that involve multiple sets of opening and
closing braces.

Indent the entire body of each class definition one “level” of indentation between the left
brace ({) and the right brace ( }) that delimit the class body. This emphasizes the structure
of the class definition and helps make the class definition easier to read. Visual Studio .NET
provides indentation in several places as programmers enter code.

— [|Good Programming Practice 3.5

Line 8 is present in all C# console and Windows applications. These applications begin
executing at Main, which is known as the entry point of the program. The parentheses after
Main indicate that Main is a program building block, called a method. C# class definitions
normally contain one or more methods and C# applications contain one or more classes.
For a C# console or Windows application, exactly one of those methods must be called
Main, and it must be defined as shown on line 8; otherwise, the program is not executable.
Normally, a console applications’s Main method is defined as shown on line 8. Methods
are explained in detail in Chapter 6, Methods. For now, simply mimic Main’s first line in
each C# application.

The left brace ({) on line 9 begins the body of the method definition (the code which
will be executed as a part of our program). A corresponding right brace (}) terminates the
method definition’s body (line 11). Notice that the line in the body of the method is
indented between these braces.

— E|C->ood Programming Practice 3.6

Indent the entire body of each method definition one “level” of indentation between the left
brace ({) and the right brace ( }) that define the method body. This makes the structure of the
method stand out, improving the method definition’s readability.
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Line 10 instructs the computer to perform an action, namely, to print a series of char-
acters contained between the double quotation marks. Characters delimited in this
manner are called strings, character strings or string literals. We refer to characters
between double quotation marks generically as strings. Whitespace characters in strings
are significant—the compiler does not ignore these characters when they appear in
strings.

The Console class enables programs to output information to the computer’s stan-
dard output. Class Console provides methods that allow C# programs to display strings
and other types of information in the Windows command prompt.

Method Console.WriteLine displays (or prints) a line of text in the console
window. When Console.WriteLine completes its task, it positions the output cursor
(the location where the next character will be displayed) at the beginning of the next line in
the console window. (This is similar to pressing the Enter key when typing in a text
editor—the cursor is repositioned at the beginning of the next line in the file.)

The entire line, including Console.WriteLine, its argument in the parentheses
("Welcome to C# Programming!") and the semicolon (;), is called a statement.
Every statement must end with a semicolon (known as the statement terminator). When this
statement executes, it displays the message Welcome to C# Programming! in the con-
sole window (Fig. 3.1).

In C# statements we normally precede each class name with its namespace name and
a period. For example, line 10 would normally be

System.Console.WriteLine ( )

for the program to run correctly. The using directive on line 4 eliminates the need to spec-
ify explicitly the namespace System when using classes in the namespace. This can save
time and confusion for programmers.

Omitting the semicolon at the end of a statement is a syntax error.

— jCommon Programming Error 3.4

@ When the compiler reports a syntax error, the error might not be on the line indicated by the
error message. First, check the line where the error was reported. If that line does not con-
tain syntax errors, check the lines that precede the one reported.

Now that we have presented this program to you, let us explain step-by-step how to
create and run it in Visual Studio.

1. Create the console application. Go to the File menu and choose New, then
Project.... A dialog will appear. In the left pane, choose Visual C# Projects;
from the right pane, choose Console Application. 1t is possible to specify other
information about the project in the bottom portion of this dialog (i.e., the name
and location of the project). After entering all the necessary information, click OK
to create the project. The project is created, and the code window is opened for
editing. The new application is shown in Fig. 3.2. Note that this is the same way
we created our application in Chapter 2, except that now we have chosen a console
application, instead of a Windows application.
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Fig. 3.2

Visual Studio .NET-generated console application.

This application can be built (compiled) and executed, but will not do any-
thing until we add more code (this is done in Step 3). Let us briefly look at the code
generated for us by the IDE.

Notice that this code contains features that we have not yet discussed. We
have done this for both display and clarity reasons—at this point in the book, this
code is neither required nor relevant to the discussion of this program. Much of
the extra code that the IDE provides is used either for documentation or to help
create graphical user interfaces. One of the things that the reader will no doubt no-
tice is that we do not show the lines directly above and below the class definition.
These lines are used to create namespaces, a topic that will be discussed in Chapter
8, Object-Based Programming. [Note: Several times early in this text, we ask the
reader to mimic certain C# features that we introduce. We do this especially when
it is not yet important to know all the details of a feature to use that feature in C#.
All programmers initially learn how to program by mimicking what other pro-
grammers have done. For each detail, we ask the reader to mimic, we indicate
where the full discussion will be presented later in the text.] The code for all ex-
amples in the book is included for the reader on our Web site www.deitel.com
under the Downloads/Resources link.

Change the name of the program file. For the programs in this book, we usually
change the name of the code file. By default, the file is named Classl.cs. This
can be changed by right-clicking the name of the file in the Solution Explorer
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and selecting Rename. The reader can then enter a new name for the file, provid-
ed that this file ends in . e¢s (the file extension for C# code files).

3. Complete the code. In the text editor, replace the comment

which is located within method Main with line 10 from Fig. 3.1 (this comment is
no longer necessary, for we are adding code to the program).

4. Run the program. We are now ready to compile and execute our program. To do
this, we simply follow the same steps that we executed for the example in Chapter
2. To compile the program, go to the Build menu and select Build Solution. If
the program contains no syntax errors, the preceding command creates a new file
called Welcomel . exe, containing the MSIL code for our application. To exe-
cute this program, choose option Start Without Debugging! in the Debug
menu.

Program execution begins with method Main, which is the entry point to the program.
Next, the statement at line 10 of Main displays Welcome to C# Programming!
Figure 3.3 shows result of executing the program.

The message Welcome to C# Programming! can be displayed via multiple
method calls. Class Welcome2 of Fig. 3.4 uses two statements to produce the same output
shown in Fig. 3.3.

Lines 10-11 of Fig. 3.4 display one line in the console window. The first statement
calls Console method Write to display a string. Unlike WriteLine, Write does not
position the output cursor at the beginning of the next line in the console window after dis-
playing its string. The next character displayed in the console window appears immediately
after the last character displayed with Write. Thus, when line 11 executes, the first char-
acter displayed (C) appears immediately after the last character displayed with Write (i.e.,
the space character after the word "to" in line 10). Each Write or WriteLine state-
ment resumes displaying characters from where the last Write or WriteLine stopped.

Fig. 3.3 Execution of the Welcomel program.

1. Selecting Debug > Start Without Debugging causes the command window to prompt the user
to press a key after the program terminates, allowing the user to observe the program’s output. In
contrast, if we run this program using Debug > Start, as we did for the Windows application in
Chapter 2, a command window opens, the program displays the message Welcome to C# Pro-
gramming!, then the command window closes immediately.
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1

2

3

4 using System;

5

6 class Welcome2

7 A

8 static void Main( stringl[] args )
9 {

10 Console.Write( )
11 Console.WriteLine ( ) ;
12 }

13 3}

Welcome to C# Programming!
Fig. 3.4 Printing on one line with separate statements.

A single statement can display multiple lines by using newline characters. Recall that
these characters indicate when to position the output cursor at the beginning of the next line
in the console window to continue output. Figure 3.5 demonstrates using newline characters.

Line 10 produces four separate lines of text in the console window. Normally, the char-
acters in a string are displayed exactly as they appear between the double quotes. However,
notice that the two characters “\” and “n” do not appear on the screen. The backslash (\)
is called an escape character. It indicates that a “special” character is to be output. When a
backslash is encountered in a string of characters, the next character is combined with the
backslash to form an escape sequence. This escape sequence \n is the newline character.
It causes the cursor (i.e., the current screen position indicator) to move to the beginning of
the next line in the console window. Some common escape sequences are listed in Fig. 3.6.

1

2

3

4 using System;

5

6 class Welcome3

7 {

8 static void Main( string[] args )
9 {

10 Console.WriteLine ( )
11 }

12}

Welcome

to

C#

Programming!

Fig. 3.5 Printing on multiple lines with a single statement.
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Escape sequence Description

\n Newline. Position the screen cursor to the beginning of the next line.
\t Horizontal tab. Move the screen cursor to the next tab stop.

\r Carriage return. Position the screen cursor to the beginning of the cur-

rent line; do not advance to the next line. Any characters output after
the carriage return overwrite the previous characters output on that

line.
\\ Backslash. Used to print a backslash character.
\" Double quote. Used to print a double quote (") character.

Fig. 3.6 Some common escape sequences.

Although the first several programs display output in the command prompt, most C#
applications use windows or dialogs to display output. As mentioned earlier, dialogs are
windows that typically display important messages to the user of an application. The .NET
Framework Class Library includes class MessageBox for creating dialogs. Class Mes -
sageBox is defined in namespace System. Windows . Forms. The program in Fig. 3.7
displays the same string as Fig. 3.5 in a message dialog using class MessageBox.

1

2

3

4 using System;

5 using System.Windows.Forms;

6

7 class Welcome4

8 {

9 static void Main( string[] args )
10 {

11 MessageBox. Show ( ) ;
12 }

13 }

I s ngd

Fig. 3.7 Displaying multiple lines in a dialog.
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Many compiled classes in C# (including MessageBox) need to be referenced before
they can be used in a program. Depending on the type of application we create, classes may
be compiled into files with a .exe (executable) extension, a .d11 (or dynamic link
library) extension or one of several other extensions. Such files are called assemblies and
are the packaging units for code in C#. [Note: Assemblies can be comprised of many files
of several different types.] Namespaces group related classes together; the assembly is a
package containing the Microsoft Intermediate Language (MSIL) code that a project has
been compiled into, plus any other information that is needed for these classes. The
assembly that we need to reference can be found in the Visual Studio .NET documentation
(also called the MSDN Documentation) for the class we wish to use. The easiest way to
access this information is to go to the Help menu in Visual Studio, and choose Index. The
reader can then type in the name of the class to access the documentation. Class Mes -
sageBox is located in assembly System.Windows.Forms.d1l1l. As mentioned pre-
viously, we must add a reference to this assembly to use class MessageBox in our
program. Let us discuss an example of adding a reference to System.Windows .Forms
within the IDE.

Including a namespace with the using directive, but not adding a reference to the proper
assembly, results in a compiler error.

— jCommon Programming Error 3.5

To begin, make sure you have an application open. Select the Add Reference...
option from the Project menu, or right click the References folder in the Solution
Explorer and select Add Reference... from the popup menu that appears. This opens
the Add Reference dialog (Fig. 3.8). Double click System.Windows.Forms.dl1l
to add this file to the Selected Components list at the bottom of the dialog, then click
OK. Notice that System.Windows . Forms now appears in the References folder of
the Solution Explorer (Fig. 3.8).

After referencing the appropriate assembly and providing a using directive for the
corresponding namespace (line 5), we can use the classes in that namespace (such as
MessageBox).

The reader may notice that we did not add any references to our previous programs.
Visual Studio adds a few common references when a project is created. Also, by default,
some assemblies do not require references. Class Console, for instance, is located in the
assembly mscorlib.dl11, but a reference to this assembly is not required to use it.

The System.Windows . Forms namespace contains many classes that help C# pro-
grammers define graphical user interfaces (GUIs) for their applications. GUI components
(e.g., buttons) facilitate both data entry by the user and the formatting or presenting of data
outputs to the user. For example, Fig. 3.9 is an Internet Explorer window with a bar con-
taining menus (File, Edit, View etc.). Below the menu bar there is a set of buttons, each
with a defined task in Internet Explorer. Below the buttons there is a fext field in which the
user can type the location of a World Wide Web site to visit. To the left of the text field is
a label that indicates the purpose of the text field. The menus, buttons, text fields and labels
are part of Internet Explorer’s GUI. They enable users to interact with the Internet Explorer
program. C# contains classes that create the GUI components described here. Other classes
that create GUI components will be described in Chapters 12 and 13, Graphical User Inter-
faces: Part 1 and Graphical User Interfaces: Part 2.
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Fig. 3.8 Adding a reference to an assembly in Visual Studio .NET.

In Main, line 11 calls method Show of class MessageBox (Fig. 3.7). This method
takes a string as an argument and displays it to the user in a message dialog. Method Show
is called a static method. Such methods are always called by using their class name (in this
case, MessageBox) followed by a dot operator (.) and the method name (in this case,
Show). We discuss static methods in Chapter 8, Object-Based Programming.

Line 11 displays the dialog box shown in Fig. 3.10. The dialog includes an OK button
that allows the user to dismiss (close) the dialog. Positioning the mouse cursor (also called
the mouse pointer) over the OK button and clicking the mouse dismisses the dialog.

C# allows large statements to be split over many lines. For example, we could have
split the statement on line 11 into the following two lines:

MessageBox.Show (
);

All statements end with a semicolon (; ), so the compiler recognizes that these two lines
represent only one statement. However, you cannot split a statement in the middle of an
identifier (e.g., the class name) or a string.
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Fig. 3.10 Dialog displayed by calling MessageBox. Show.

Splitting a statement in the middle of an identifier or a string is a syntax error.

— jCommon Programming Error 3.6

The user can close the dialog by clicking the OK button or the close box. Once this
occurs, the program terminates, because the Main method terminates.

3.3 Another Simple Program: Adding Integers

Our next application (Fig. 3.11) inputs two integers (whole numbers) typed by a user at the
keyboard, computes the sum of these values and displays the result. As the user types each
integer and presses the Enter key, the integer is read into the program and added to the total.
Lines 1-2 are single-line comments stating the figure number, file name and purpose of the
program.

As stated previously, every C# program consists of at least one class definition. Line
6 begins the definition of class Addition. Lines 7-37 define the body of the class. Recall
that all class definitions start with an opening left brace ({) and end with a closing right
brace (}).
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1

2

3

4 using System;

5

6 class Addition

7 A

8 static void Main( stringl[] args )

9 {
10 string firstNumber,
11 secondNumber;
12
13 int numberl,
14 number2,
15 sum;
16
17
18 Console.Write ( );:
19 firstNumber = Console.ReadLine();
20
21
22 Console.Write( ) ;
23 secondNumber = Console.ReadLine();
24
25
26 numberl = Int32.Parse( firstNumber );
27 number2 = Int32.Parse( secondNumber );
28
29
30 sum = numberl + number2;
31
32
33 Console.WriteLine ( , sum );
34
35 }
36
37}

Please enter the first integer:
Please enter the second integer:

The sum is 117.

Fig. 3.11

45

72

Addition program that adds two values entered by the user.

The program begins execution with method Main on line 8. The left brace (line 9)
begins Main’s body and the corresponding right brace (line 35) terminates Main’s body.

Lines 10-11 are a declaration. The words £irstNumber and secondNumber are
the names of variables. A variable is a location in the computer’s memory where a value
can be stored for use by a program. All variables must be declared with a name and a data
type before they can be used in a program. This declaration specifies that the variables
firstNumber and secondNumber are data of type string, which means that these
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variables store strings of characters. There are certain data types already defined in the
.NET Framework, known as built-in data types or primitive data types. Types such as
string, int, double and char are examples of primitive data types. Primitive type
names are keywords. The 15 primitive types are summarized in Chapter 4, Control Struc-
tures: Part 1.

A variable name can be any valid identifier. Declarations end with a semicolon (; ) and
can be split over several lines with each variable in the declaration separated by a comma
(i.e., a comma-separated list of variable names). Several variables of the same type may be
declared in one or in multiple declarations. We could have written two declarations, one for
each variable, but the preceding declaration is more concise. Notice the single-line com-
ments at the end of each line. This is a common syntax used by programmers to indicate
the purpose of each variable in the program.

Choosing meaningful variable names helps a program to be “self-documenting” (i.e., easier
to understand simply by reading it, rather than having to read manuals or use excessive com-
ments).

— [|Good Programming Practice 3.7

By convention, variable-name identifiers begin with a lowercase letter. As with class names,
every word in the name after the first word should begin with a capital letter. For example,
identifier £irstNumber has a capital N in its second word, Number.

— EGood Programming Practice 3.8

Some programmers prefer to declare each variable on a separate line. This format allows for
easy insertion of a comment that describes each variable.

— EGood Programming Practice 3.9

Lines 13—15 declare that variables numberl, number2 and sum are of data type
int, which means that these variables will hold integer values (i.e., whole numbers such
as—11,7,0 and 31914). In contrast, the data types £1loat and doub1le specify real num-
bers (i.e., floating-point numbers with decimal points, such as 3.4, 0.0 and —11.19) and vari-
ables of type char specify character data. A char variable may hold only a single
lowercase letter, a single uppercase letter, a single digit or a single character, such as x, $,
7, * and escape sequences (like as the newline character \n). Oftentimes in programs,
characters are denoted in single quotes, such as "x', '$', '7', **' and '\n", to differ-
entiate between a value and a variable name. C# is also capable of representing all Unicode
characters. Unicode is an extensive international character set (collection of characters)
that enables the programmer to display letters in different languages, mathematical sym-
bols and much more. For more information on this topic, see Appendix G, Unicode.

Lines 18—19 prompt the user to input an integer and read from the user a string rep-
resenting the first of the two integers that the program will add. The message on line 18 is
called a prompt, because it directs the user to take a specific action. Method ReadLine
(line 19) causes the program to pause and wait for user input. The user inputs characters
from the keyboard, then presses the Enter key to return the string to the program. Unfortu-
nately, the .NET Framework does not provide a simple input dialog. For this reason, the
examples in these early chapters receive user input through the command prompt.

Technically, the user can send anything to the program as input. For this program, if
the user types a noninteger value, a run-time logic error (an error that has its effect at exe-
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cution time) occurs. Chapter 11, Exception Handling, discusses how to make your pro-
grams more robust by handling such errors.

When the user enters a number and presses Enfer, the program assigns the string rep-
resentation of this number to variable £irstNumber (line 19) with the assignment oper-
ator =. The statement is read as, “firstNumber gefs the value returned by method
ReadLine.” The = operator is a binary operator, because it has two operands—first-
Number, and the result of the expression Console.ReadLine. The entire statement is
an assignment statement, because it assigns a value to a variable. In an assignment state-
ment, first the right side of the assignment is evaluated, then the result is assigned to the
variable on the left side of the assignment. So, line 19 executes method ReadLine, then
assigns the string value to £irstNumber.

— [|Good Programming Practice 3.10

Place spaces on either side of a binary operator. This makes the operator stand out and
makes the program more readable.

Lines 22-23 prompt the user to enter a second integer and read from the user a string
representing the value. Lines 2627 convert the two strings input by the user to int values
that can be used in a calculation. Method Int32. Parse (a static method of class Int32)
converts its string argument to an integer. Class Int32 is part of the System
namespace. Line 26 assigns the integer that Int32 . Parse returns to variable number1l.
Any subsequent references to number1l in the program use this integer value. Line 27
assigns the integer that Int32 . Parse returns to variable number2. Any subsequent ref-
erences to number2 in the program use this integer value. You can eliminate the need for
string variables firstNumber and secondNumber by combining the input and
conversion operations as follows:

int numberl;
numberl = Int32.Parse( Console.ReadLine() );

In C#, users input data as strings. We convert these strings to perform integer arith-
metic. Arithmetic operations, as we will discuss in Section 3.5, do not work with strings
the same way operations work with integers. To add numbers and get the proper sum, we
must convert the strings to integers. The preceding statements do not make use of the
string variable (firstNumber). This variable is required only to store the string
temporarily until the program converts it. Reading the string and converting it on one
line makes the variable unnecessary.

The assignment statement on line 30 calculates the sum of the variables number1 and
number2 and assigns the result to variable sum by using the assignment operator =. The
statement is read as, “sum gets the value of number1l plus number2.” Most calculations
are performed in assignment statements.

After performing the calculation, line 33 displays the result of the addition. In this
example, we want to output the value in a variable using method WriteLine. Let us dis-
cuss how this is done.

The comma-separated arguments to Console.WriteLine

; Sum

use {0} to indicate a placeholder for a variable’s value. If we assume that sum contains
the value 117, the expression evaluates as follows: Method WriteLine encounters a
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number in curly braces, {0}, known as a formar. This indicates that the variable found after
the string in the list of arguments (in this case, sum) will be evaluated and incorporated into
our string, in place of the format. The resulting string will be “The sum is 117.” Simi-
larly, in the statement

Console.WriteLine (
, numberl, number2 );

the value of number1 would replace {0} (because it is the first variable) and the value of
number2 would replace {1} (because it is the second variable). The resulting string
would be "The numbers enteredare 45 and 72". More formats can be used ({2},
{3} etc.) if there are more variables to display in the string.

— [|Good Programming Practice 3.11

Place a space after each comma in a method’s argument list to make programs more read-
able.

Some programmers find it difficult, when reading or writing a program, to match the
left and right braces ({ and }) that delimit the body of a class or method definition. For this
reason, some programmers include a single-line comment after each closing right brace that
ends a method or class definition, as we do in lines 35 and 37.

— [|Good Programming Practice 3.12

Follow the closing right brace (}) of the body of a method or class definition with a single-
line comment. This comment should indicate the method or class that the right brace termi-
nates.

3.4 Memory Concepts

Variable names, such as numberl, number2 and sum, actually correspond to locations
in the computer’s memory. Every variable has a name, a type, a size and a value.
In the addition program in Fig. 3.11, the statement (line 26)

numberl = Int32.Parse( firstNumber );

converts to an int the string that the user entered. This int is placed into a memory loca-
tion to which the name number1 has been assigned by the compiler. Suppose the user en-
ters the string 45 as the value for £irstNumber. The program converts £irstNumber
to an int, and the computer places the integer value 45 into location number1, as shown
in Fig. 3.12.

When a value is placed in a memory location, this value replaces the previous value in
that location. The previous value is lost (or destroyed).

numberl 45

Fig. 3.12 Memory location showing name and value of variable numberl.
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When the statement (line 27)
number2 = Int32.Parse( secondNumber );

executes, suppose the user types 72 as the value for secondNumber. The program con-
verts secondNumber to an int, the computer places the integer value 72 into location
number?2 and memory appears as shown in Fig. 3.13.

Once the program has obtained values for numberl and number2, it adds these
values and places their total into variable sum. The statement

sum = numberl + number2;

performs the addition and replaces (i.e., destroys) sum’s previous value. After calculating
the sum, memory appears as shown in Fig. 3.14. Note that the values of numberl and
number?2 appear exactly as they did before the calculation of sum. These values were
used, but not destroyed, as the computer performed the calculation. Thus, when a value is
read from a memory location, the process is nondestructive.

3.5 Arithmetic

Most programs perform arithmetic calculations. Figure 3.15 summarizes the arithmetic op-
erators. Note the use of various special symbols not used in algebra. The asterisk (*) indi-
cates multiplication, and the percent sign (%) represents the modulus operator, which is
discussed shortly. The arithmetic operators in Fig. 3.15 are binary operators, because they
each require two operands. For example, the expression sum + value contains the binary
operator + and the two operands sum and value.

numberl 45

number2 72

Fig. 3.13 Memory locations after values for variables numberl and number2
have been input.

numberl 45
number2 72
sumOfNumbers 117

Fig. 3.14 Memory locations after a calculation.
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Arithmetic Algebraic
C# operation operator expression C# expression
Addition + f+7 £+ 7
Subtraction - p-c¢ p-c
Multiplication * bm b *m
Division / x x /vy
x/y or=orx+y
y
Modulus % rmod s r % s

Fig. 3.15 Arithmetic operators.

Integer division contains two int operands. The result of this computation is an
integer quotient; for example, the expression 7 / 4 evaluates to 1 and the expression 17 /
5 evaluates to 3. Note that any fractional part in integer division simply is discarded (i.e.,
truncated)—no rounding occurs. C# provides the modulus operator, %, which yields the
remainder after integer division. The expression x % y yields the remainder after x is
divided by y. Thus, 7 % 4 yields 3 and 17 % 5 yields 2. This operator is used most com-
monly with integer operands, but also can be used with other arithmetic types. In later chap-
ters, we consider interesting applications of the modulus operator, such as determining
whether one number is a multiple of another. There is no arithmetic operator for exponen-
tiation in C#. (Chapter 6, Methods, discusses how to perform exponentiation in C#.)

Arithmetic expressions in C# must be written in straight-line form to facilitate entering
programs into a computer. Thus, expressions such as “a divided by b” must be written as
a / b so that all constants, variables and operators appear in a straight line. The following
algebraic notation generally is not acceptable to compilers:

4
b

C# expressions can use parentheses in the same manner as in algebraic expressions.
For example, to multiply a times the quantity b + ¢, we write

a* (b+c)

C# applies the operators in arithmetic expressions in a precise sequence, determined
by the following rules of operator precedence, which are generally the same as those fol-
lowed in algebra:

1. Operators in expressions contained within pairs of parentheses are evaluated first.
Thus, parentheses may be used to force the order of evaluation to occur in any se-
quence desired by the programmer. Parentheses are at the highest level of prece-
dence. With nested (or embedded) parentheses, the operators in the innermost pair
of parentheses are applied first.

2. Multiplication, division and modulus operations are applied next. If an expression
contains several multiplication, division and modulus operations, operators are
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applied from left to right. Multiplication, division and modulus are said to have
the same level of precedence.

3. Addition and subtraction operations are applied last. If an expression contains sev-
eral addition and subtraction operations, operators are applied from left to right.
Addition and subtraction have the same level of precedence.

The rules of operator precedence enable C# to apply operators in the correct order. When
we say operators are applied from left to right, we are referring to the associativity of the
operators. If there are multiple operators, each with the same precedence, the associativity
determines the order in which the operators are applied. We will see that some operators
associate from right to left. Figure 3.16 summarizes the rules of operator precedence. This
table will expand as we introduce additional C# operators in subsequent chapters. See Ap-
pendix A for a complete operator-precedence chart.

Notice in the chart that we make note of nested parentheses. Not all expressions with
several pairs of parentheses contain nested parentheses. For example, the expression

a* (b+c) +c* (d+e)

has multiple sets of parentheses, but not nested parentheses. Rather, these parentheses are
said to be “on the same level.”

Let us consider several expressions in light of the rules of operator precedence. Each
example lists an algebraic expression and its C# equivalent.

The following is an example of an arithmetic mean (average) of five terms:

a+b+c+d+e

Algebra: =
g 5

Cikm=(a+b+c+d+e) / 5;

The parentheses are required because division has higher precedence than addition. The en-
tire quantity ( @ + b + ¢ + d + e ) istobe divided by 5. If the parentheses are
erroneously omitted, we obtaina + b + ¢ + 4 + e / 5, which evaluates as

Operator(s) Operation Order of evaluation (precedence)

() Parentheses Evaluated first. If the parentheses are nested, the
expression in the innermost pair is evaluated first. If
there are several pairs of parentheses “on the same
level” (i.e., not nested), they are evaluated left to

right.
* /or% Multiplication Evaluated second. If there are several such opera-
Division tors, they are evaluated left to right.
Modulus
+or - Addition Evaluated last. If there are several such operators,
Subtraction they are evaluated left to right.

Fig. 3.16 Precedence of arithmetic operators.
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e
b d+ <
thtctd+s

The following is the equation of a straight line:

Algebra: y = mx+b

C#: y =m* x + b;

No parentheses are required. The multiplication occurs first because multiplication has a
higher precedence than addition. The assignment occurs last because it has a lower prece-
dence than multiplication and division.

The following example contains modulus (%), multiplication, division, addition and
subtraction operations:

Algebra: z = pr%q+w/x—y

C#: r ¥ 9 + w / x - y;

z = p *

The circlea numoers under tne statement indicate tne order 1 which C# applies the opera-
tors. The multiplication, modulus and division operators evaluate first in left-to-right order
(i.e., they associate from left to right). The addition and subtraction evaluate next. These
also are applied from left to right.

To develop a better understanding of the rules of operator precedence, consider how a
second-degree polynomial (y = ax’ + bx + ¢) evaluates:

y = a * x * x + b * x + c;

Tne circlea numoers under tne statement 1ndicate tne order 1 wnich C# applies the opera-
tors. There is no arithmetic operator for exponentiation in C#; x2is represented as x * x.
The .NET Framework Class Library provides method Math . Pow for exponentiation (see
Chapter 6, Methods).

Suppose a, b, ¢ and x are initialized as follows: a = 2, b = 3, ¢ = 7 and x = 5.
Figure 3.17 illustrates the order of evaluation of the operators.

As in algebra, it is acceptable to place unnecessary parentheses in an expression to
make the expression easier to read. Unnecessary parentheses are also called redundant
parentheses. For example, the preceding assignment statement might be parenthesized as

y=(a*x*x)+ (b*x) +c;

Using parentheses for more complex arithmetic expressions, even when the parentheses are
not necessary can make the arithmetic expressions easier to read.

— [|Good Programming Practice 3.13
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Step 1. 2 *5 *5 4+ 3 *5 4+ 7;

2 * 5 is ! (Leftmost multiplication)

Step2. y =10 * 5 + 3 * 5 + 7;

1 5 is E (Leftmost multiplication)

0 *
Step3. y =50 + 3 * 5 + 7;

=
[}

3 %5 1is (Multiplication before addition)

Step4. y = 50 + 15 + 7;

50 + 15 is E (Leftmost addition)
65 + 7;

Step 5. y =
65 + 7 is ! (Last addition)
Step6. vy = 72; (Last operation—place 72 into y)

Fig. 3.17 Order in which a second-degree polynomial is evaluated.

3.6 Decision Making: Equality and Relational Operators

This section introduces C#’s if structure, which allows a program to make a decision
based on the truth or falsity of some condition. If the condition is met (i.e., the condition is
true), the statement in the body of the i £ structure executes. If the condition is not met (i.e.,
the condition is false), the body statement does not execute. Conditions in i £ structures can
be formed by using the equality operators and relational operators, summarized in
Fig. 3.18. The relational operators all have the same level of precedence and associate from
left to right. The equality operators both have the same level of precedence, which is lower
than the precedence of the relational operators. The equality operators also associate from
left to right.

— jCommon Programming Error 3.7

It is a syntax error if the operators ==, 1=, >=and<= contain spaces between their symbols
(asin= =1 = > =< =)

Reversing the operators !=, >= and <= (asin =!, => and =<) is a syntax error.

— jCommon Programming Error 3.8
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Standard algebraic C# equality Example
equality operator or or relational of C# Meaning of
relational operator operator condition C# condition

Equality operators

= == X ==y xisequaltoy

#* 1= x l=vy x is not equal to y
Relational operators

> > X >y x is greater than y

< < X<y x is less than y

> >= X >=y x is greater than or equal toy
< <= X <=y x is less than or equal to y

Fig. 3.18 Equality and relational operators.

Confusing the equality operator == with the assignment operator = is a logic error. The
equality operator should be read “is equal to,” and the assignment operator should be read
“gets” or “gets the value of.” Some people prefer to read the equality operator as “double
equals” or “equals equals.”

— jC:ommon Programming Error 3.9

The next example uses six i £ statements to compare two numbers input into a program
by the user. If the condition in any of these if statements is true, the assignment statement
associated with that i £ executes. The user inputs values that the program converts to inte-
gers and stores in variables number1 and number2. The program compares the numbers
and displays the results of the comparison in the command prompt. The program and
sample outputs are shown in Fig. 3.19.

1

2

3

4

5 using System;

6

7 class Comparison

8 {

9 static void Main( string[] args )

10 {

11 int numberl,

12 number?2;

13

14

15 Console.Write ( )
16 numberl = Int32.Parse( Console.ReadLine() );
17

Fig. 3.19 Using equality and relational operators. (Part 1 of 2.)
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18

19 Console.Write ( ) ;
20 number2 = Int32.Parse( Console.ReadLine() );

21

22 if ( numberl == number2 )

23 Console.WriteLine ( numberl + + number2 );
24

25 if ( numberl != number2 )

26 Console.WriteLine ( numberl + + number2 );
27

28 if ( numberl < number2 )

29 Console.WriteLine ( numberl + + number2 );
30

31 if ( numberl > number2 )

32 Console.WriteLine ( numberl + + number2 );
33

34 if ( numberl <= number2 )

35) Console.WriteLine ( numberl + + number2 );
36

37 if ( numberl >= number2 )

38 Console.WriteLine ( numberl + + number2 );
39

40 }

41

42 '}

Please enter first integer: 2000

Please enter second integer: 1000
2000 != 1000
2000 > 1000
2000 >= 1000

Please enter first integer: 1000

Please enter second integer: 2000
1000 != 2000
1000 < 2000
1000 <= 2000

Please enter first integer: 1000

Please enter second integer: 1000
1000 == 1000
1000 <= 1000
1000 >= 1000

Fig. 3.19 Using equality and relational operators. (Part 2 of 2.)
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The definition of class Comparison begins on line 7, and the Main method begins
on line 9. Lines 11-12 declare the variables used in method Main. Note that there are two
variables of type int. Remember that variables of the same type may be declared in one
declaration or in multiple declarations. Also recall that, if more than one variable is placed
in one declaration (lines 11-12), those variables are separated by commas (, ). The com-
ment at the end of each line indicates the purpose of each variable in the program.

Line 16 reads in the first number from the user. Line 20 reads in the second number from
the user. These values are stored in variables number1 and number2, respectively. Recall
that arithmetic operators cannot be used with strings. Relational and equality operators also
cannot be used with strings. Therefore, the two input strings must be converted to integers.

Lines 16 and 20 both get an input, convert the input to type int and assign the values
to the appropriate variable in one step. Notice that this step can be combined with the vari-
able declaration and placed on one line with the statement

int numberl = Int32.Parse( Console.ReadLine() );

which declares the variable, reads a string from the user, converts the string to an integer
and stores the integer in the variable.

The i £ structure in lines 22-23 compares the values of the variables numberl and
number2 for equality. If the values are equal, the program outputs the value of
numberl + " == " + number2. Notice that this expression uses the operator + to “add”
(or combine) numbers and strings. C# has a version of the + operator used for stringcon-
catenation. Concatenation is the process that enables a string and a value of another data
type (including another string) to be combined to form a new string.

If numberl contains the value 1000 and number2 contains the value 1000, the
expression evaluates as follows: C# determines that the operands of the + operator are of dif-
ferent types and that one of them is a string. Next, number1 and number2 are converted
to a string and concatenated with " == ". At this point, the string, namely "1000 ==
1000", is sent to Console.WriteLine to be output. As the program proceeds through
the 1 f structures, more strings will be output by these Console.WriteLine state-
ments. For example, given the value 1000 for numberl and number2, the i £ conditions
at lines 34 (<=) and 37 (>=) will also be true. Thus, the output displayed will be

1000 == 1000
1000 <= 1000
1000 >= 1000

The second of output window of Fig. 3.19 demonstrates this case.

— jCommon Programming Error 3.10

Confusing the + operator used for string concatenation with the + operator used for addition
can lead to strange results. For example, assuming integer variable y has the value 5, the
expression "y + 2 = " + y + 2 results in the string "y + 2 = 52", not "y + 2 = 7". First
the value of y (5) is concatenated with the string "y + 2 = ", then the value 2 is concate-
nated with the new, larger string "y + 2 = 5". The expression "y + 2 =" + (y + 2) pro-
duces the desired result.

— jCommon Programming Error 3.11

Replacing operator == in the condition of an if structure, suchas 1f (x == 1), with op-
erator =, asin if (x =1 ), is a logic error.
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Notice the indentation in the i £ statements throughout the program. Such indentation
enhances program readability.

Good Programming Practice 3.14

Indent the statement in the body of an if structure to make the body of the structure stand
out and to enhance program readability.

'_._? i

—iin Good Programming Practice 3.15

ﬁ Place only one statement per line in a program. This enhances program readability.
Common Programming Error 3.12

ﬁ Forgetting the left and right parentheses for the condition in an i f structure is a syntax er-
ror. The parentheses are required.

There is no semicolon (; ) at the end of the first line of each i £ structure. Such a semi-
colon would result in a logic error at execution time. For example,

if ( numberl == number2 );
Console.WriteLine( numberl + + number2 );

would actually be interpreted by C# as

if ( numberl == number2 )

Console.WriteLine ( numberl + + number2 );
where the semicolon on the line by itself—called the empty statement—is the statement to
execute if the condition is true. When the empty statement executes, no task is performed.

The program continues with the Console.WriteLine statement, which executes re-
gardless of whether the condition is true or false.

— jC:ommon Programming Error 3.13

Placing a semicolon immediately after the right parenthesis of the condition in an i £ struc-
ture is normally a logic error. The semicolon causes the body of the i £ structure to be empty,
so the if structure performs no action, regardless of whether its condition is true. Worse,
the intended body statement of the i £ structure becomes a statement in sequence with the i £
structure and always executes.

Notice the use of spacing in Fig. 3.19. Remember that the compiler normally ignores
whitespace characters, such as tabs, newlines and spaces. Statements may be split over sev-
eral lines and may be spaced according to the programmer’s preferences without affecting
the meaning of a program. It is incorrect to split identifiers and string literals. Ideally, state-
ments should be kept small, but it is not always possible to do so.

—w—an Good Programming Practice 3.16

A lengthy statement may be spread over several lines. If a single statement must be split
across lines, choose breaking points that make sense, such as after a comma in a comma-
separated list or after an operator in a lengthy expression. If a statement is split across two
or more lines, indent all subsequent lines with one level of indentation.

The chart in Fig. 3.20 shows the precedence of the operators introduced in this chapter.
The operators are displayed from top to bottom in decreasing order of precedence. Notice
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that all these operators, with the exception of the assignment operator =, associate from left
to right. Addition is left associative, so an expression such as x + y + z is evaluated as if it
were written (x +y) + z. The assignment operator = associates from right to left, so an
expression such as x = y = 0 is evaluated as if it were written x = (y = 0). The latter
expression, x = (y = 0), first assigns the value 0 to variable y and then assigns the result
of that assignment, 0, to x.

— [|Good Programming Practice 3.17

Refer to the operator-precedence chart when writing expressions containing many opera-
tors. Confirm that the operators in the expression are performed in the expected order. If you
are uncertain about the order of evaluation in a complex expression, use parentheses to force
the order, as you would do in an algebraic expression. Remember that some operators, such
as assignment (=), associate from right to left rather than from left to right.

In this chapter, we introduced important features of C#, including displaying data on
the screen, inputting data from the keyboard, performing calculations and making deci-
sions. The next chapter demonstrates many similar techniques, as we reintroduce C# Win-
dows applications (applications that provide a graphical user interface). We also introduce
structured programming and familiarize the reader further with indentation techniques. We
study how to specify and vary the order in which statements execute—this order is called
Sflow of control.

SUMMARY

* A console application is an application that, predominantly, displays text output in either a console
window (or MS-DOS window). This is also called a command prompt.

¢ Programmers insert comments to document programs and improve program readability. Every
program should begin with a comment describing the purpose of the program.

¢ A comment that begins with // is called a single-line comment, because the comment terminates
at the end of the current line. A // comment can begin in the middle of a line and continue until
that line’s end. Multiple-line comments begin with the delimiter /* and end with delimiter * /.
The compiler ignores all text between the delimiters of the comment.

* A namespace groups various C# features into related categories, providing programmers with the
ability to locate them quickly.

Operators Associativity Type

0 left to right parentheses

* /0% left to right multiplicative
+ - left to right additive

< <= > >= left to right relational

== lI= left to right equality

= right to left assignment

Fig. 3.20 Precedence and associativity of operators discussed in this chapter.
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* The using directive declares the use of a namespace.
* Programmers use preexisting code to make programming easier and faster.

* Blank lines, space characters and tab characters are known as whitespace (space characters and
tabs are known, specifically, as whitespace characters). Such characters are ignored by the com-
piler and used to improve program readability.

» Classes consist of pieces (called methods) that perform tasks and return information (or simply
control) when they complete their tasks. The programmer can program each piece that is needed
to form a C# program.

* Classes defined by the programmer are known as programmer-defined or user-defined classes.
* The class keyword introduces a class definition and is followed immediately by the class name.
* Keywords are reserved for use by C# and are always spelled with lowercase letters.

* By convention, all class names in C# begin with an uppercase letter and have an uppercase letter
for the beginning of every word in the class name.

¢ The name of a class is called an identifier. An identifier is a series of characters, consisting of let-
ters, digits, underscores (_ ) and “at” symbols (@), that does not begin with a digit and does not
contain any spaces.

» C# is case sensitive—uppercase and lowercase letters are different, thus al and Al are distinct
identifiers.

* A left brace ({) begins the body of every class or method definition. A corresponding right brace
(}) must end each class or method definition. If braces do not occur in matching pairs, the compiler
indicates an error.

 Set a convention for the indent size you prefer and apply that convention uniformly.
* C# applications begin executing at Main, which is known as the entry point of the program.

* C# class definitions normally contain one or more methods. C# applications contain one or more
classes. For a C# application, one of the classes in the application must contain method Main.

¢ Methods can perform tasks and return information when these tasks complete. Information also
can be passed to a method. This information may be necessary for the method to complete its task
and is called an argument.

* A string sometimes is called a character string, a message or a string literal.
* Whitespace characters in strings are not ignored by the compiler.

» Every statement must end with a semicolon (the statement terminator). Omitting the semicolon at
the end of a statement is a syntax error.

* A syntax error occurs when the compiler cannot recognize a statement. The compiler normally is-
sues an error message to help the programmer locate and fix the incorrect statement. Syntax errors
are violations of the language’s rules.

* When the compiler reports a syntax error, the error might not be on the line indicated by the error
message. First, check the line where the error was reported. If that line does not contain syntax
errors, check the preceding several lines in the program.

e Unlike WriteLine, method Write does not position the output cursor at the beginning of the
next line in the console window after displaying its argument.

* A single statement can display multiple lines by using newline characters.

e C# has a version of the + operator for string concatenation that enables a string and a value of an-
other data type (including another string) to be concatenated—the result of this operation is a new
(and normally longer) string.
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The backslash (\) is called an escape character. It indicates that a “special” character is to be out-
put. When a backslash is encountered in a string of characters, the next character is combined with
the backslash to form an escape sequence.

String contents always must be delimited with double quotes.
Class MessageBox allows you to display a dialog containing information.
Class MessageBox is defined in namespace System.Windows .Forms.

The predefined namespaces in C# contain classes that are collectively referred to as the .NET
Framework Class Library.

GUI components facilitate data entry by the user and the formatting or presenting of data outputs
to the user.

Method MessageBox . Show is a special method of class MessageBox, called a static method.
Such methods are always called with their class name followed by a dot operator (. ) and the meth-
od name.

Depending on the type of application we create, classes may be compiled into files with a . exe
(executable) extension, a .d11 (or dynamic link library) extension or one of several other exten-
sions. This file is called an assembly, which is the packaging unit for code in C#.

We need to add a reference to an assembly if we wish to use its classes. References to assemblies
can be created easily in Visual Studio .NET by selecting the Add Reference... option from the
Project menu and finding the necessary .d11.

The System.Windows.Forms namespace contains many classes that help C# programmers
define graphical user interfaces (GUISs) for their applications.

A message dialog by default includes an OK button that allows the user to dismiss the dialog.

A variable is a location in memory where a value can be stored for use by a program.

All variables must be declared with a name and a data type before they can be used in a program.
A variable name can be any valid identifier.

Declarations end with a semicolon (; ) and can be split over several lines, with each variable in the
declaration separated by a comma.

Several variables of the same type may be declared in either one declaration or separate declara-
tions.

The keywords int, double and char are primitive types.
Primitive type names are keywords.
A prompt is a message that directs the user to take a specific action.

The = operator is called a binary operator, because it has two operands. A statement containing an
= operation is called an assignment statement, because it assigns a value to a variable. The expres-
sion to the right side of the assignment operator = is always evaluated before the assignment occurs.

Method Int32.Parse (a static method of class Int32) converts its string argument to an
integer.

Sometimes, when displaying strings C# encounters a format. A format specifies a placeholder for
a value that will be inserted in a string.

Variable names actually correspond to locations in the computer's memory. Every variable has a
name, a type, a size and a value.

Whenever a value is placed in a memory location, this value replaces the previous value in that
location. The previous value is destroyed (lost).

When a value is read from a memory location, the process is nondestructive.
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Integer division yields an integer quotient. Note that any fractional part in integer division is sim-
ply discarded (i.e., truncated)—no rounding occurs.

The modulus operator (%) yields the remainder after integer division.

Arithmetic expressions must be written in straight-line form to facilitate entering programs into
the computer.

Parentheses are used in C# expressions in the same manner as in algebraic expressions.

C# applies the operators in arithmetic expressions in a precise sequence determined by the rules
of operator precedence.

As in algebra, it is acceptable to place unnecessary (redundant) parentheses in an expression to
make the expression clearer.

The i £ structure allows a program to make a decision based on the truth or falsity of some condition.
If the condition is met (i.e., the condition is true), the statement in the body of the i £ structure exe-
cutes. If the condition is not met (i.e., the condition is false), the body statement does not execute.

Conditions in i £ structures can be formed by using equality operators and relational operators.
A string containing no characters is known as an empty string.

Every variable declared in a method must be initialized (given a value) before it can be used in an
expression, or a syntax error will occur.

A semicolon by itself (not preceded by an actual statement) is known as an empty statement. When

an empty statement executes, no task is performed.

TERMINOLOGY

! = is-not-equal-to operator

" double quotation

% modulus operator

*/ end a multiline comment
/* start a multiline comment
/ / single-line comment

; statement terminator

< less-than operator

<= less-than-or-equal-to operator
= assignment operator

== is-equal-to operator

> is-greater-than operator

>= greater-than-or-equal-to operator
\\ escape sequence

\n escape sequence

\r escape sequence

\ t escape sequence
__underscore

{ left brace

} right brace

, comma

Add Reference dialog
algebraic notation
application

argument

arithmetic calculation

arithmetic operators
assembly

assignment statement
associativity of operators
asterisk (*) indicating multiplication
average

backslash (\)

binary operator

blank line

body of a class definition
body of a method definition
built-in data type

button

C# compiler

carriage return

case sensitive

char variable

character set

character string

class

class definition

class keyword

class name

comma (, )

command prompt
console window
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comma-separated list of variable names
comment

compiler

compile-time error
concatenation of strings
condition

console application

Console class
Console.ReadLine method
console window
Console.Write method
Console.WriteLine method
data type

decision

declaration

dialog

display output

documentation

dot (. ) operator

double

embedded parentheses

empty statement (;)

Enter (or Return) key

entry point of a program

error handling

escape sequence

exponentiation

float

flow of control

format

formatting strings

identifier

if structure

indentation in i £ statements
indentation techniques
innermost pair of parentheses
inputting data from the keyboard
Int32.Parse method
integer division

integer quotient

keyboard

keyword

left-to-right evaluation

location in the computer’s memory
logic error

Main method

making decisions

matching left and right braces
MessageBox class

method

Infroduction to C# Programming

method definition
MS-DOS prompt

MSIL (Microsoft Intermediate Language)
multiple-line comment (/*... */)
name of a variable
namespace

nested parentheses

NET Framework Class Library
nondestructive

object

OK button on a dialog
operand

operator precedence
output

parentheses ()
parentheses “on the same level”
Parse method
performing a calculation
polynomial

precedence

primitive data type
programmer-defined class
prompt

ReadLine method

real number

redundant parentheses
“reinventing the wheel”
reserved word

reuse

robust

rounding

run-time logic error
self-documenting code
single-line comment

size of a variable

space character

spacing convention
special character

standard output

statement

static method
straight-line form

string

string concatenation
string formatting

string literal

string of characters
string type

structured programming
syntax error

89
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System namespace value of a variable
System.Windows.Forms namespace variable
tab character Visual Studio .NET-generated console application

text editor

void keyword

truncate whitespace character

type of a variable Windows 95/98

Unicode Windows application

unnecessary parentheses Windows NT/2000

user-defined class Write method of class Console
using directive WriteLine method of class Console

SELF-REVIEW EXERCISES

3.1 Fill in the blanks in each of the following statements:

a)
b)
c)
d)
e)
f)
2
h)
i)
)]
k)

s)
t)

The and begin and end every method body.
Every statement must end with a statement terminator.
The structure makes decisions.
begins a single-line comment.
, and are known as whitespace.
Class displays message dialogs.

are reserved for use by C#.
C# applications begin execution at method
Methods and display information in the console window.
A method is invoked by preceding its name with its class name and a dot (. ).
A begins the body of a method definition.
A C# program includes directives to indicate that we are incorporating class-
es from certain namespaces.
When a value is placed in a memory location, this value the previous value
in that location.
Saying that operators are applied from left to right refers to the of the operators.
C#’s if structure allows a program to make a decision based on the or
of a condition.
Types suchas int, float, double and char are often called data types.
A variable is a location in the computer’s where a value can be stored .
Data types and contain decimal points for storing numbers such
as 3.44 or 1.20846.
The expression to the of the assignment operator (=) is always evaluated first.
Arithmetic expressions in C# must be written in form to facilitate entering
programs into the computer.

3.2 State whether each of the following is true or false. If false, explain why.

a)

b)
c)
d)
€)
f)
2

h)

Comments cause the computer to print the text after the // on the screen when the pro-
gram is executed.

All variables must be given a type when they are declared.

C# considers the variables number and NuMbEr to be identical.

The arithmetic operators *, /, %, + and - all have the same level of precedence.
Method Int32.Parse converts an integer to a string.

A comment that begins with // is called a single-line comment.

A string of characters contained between double quotation marks is called a phrase or
phrase literal.

Blank lines, space characters, newline characters and tab characters are ignored by the
compiler when placed outside strings.
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i) Every C# application must contain one Main method.

j)  Curly braces that define bodies of classes and methods need not occur in matching pairs.

k) C# applications begin executing at Main.

1) The compiler uses class statements to identify namespaces referenced in a C# pro-
gram.

m) Integer division yields an integer quotient.

n) Parentheses cannot be used in an arithmetic expression to force the order of evaluation
of operators to occur in a sequence determined by the programmer.

ANSWERS TO SELF-REVIEW EXERCISES

3.1 a) Leftbrace ({), right brace (}). b) Semicolon (;).c) 1£.d) //. ) Blank lines, space char-
acters, newline characters and tab characters. f) MessageBox. g) Keywords. h) Main.
i) Console.Write and Console.WriteLine. j) static. k) left brace. 1) using. m) replaces.
n) associativity. o) truth, falsity. p) primitive (or built-in). q) memory. r) £loat, double. s) right.
t) straight-line.

3.2 a) False. Comments do not cause any action to be performed when the program is executed.
They are used to document programs and improve their readability. b) True. c) False. C# is case sen-
sitive, so these variables are distinct. d) False. The operators *, / and% are on the same level of pre-
cedence, and the operators + and - are on a lower level of precedence. e) False. Method
Integer.Parse converts a string to an integer (int) value. f) True. g) False. A string of char-
acters is called a string or string literal. h) True. i) True. j) False. Curly braces that do not match cause
syntax errors. k) True. 1) False. The compiler uses using directives to identify and load namespaces.
m) True. n) False. Parentheses can be used to force the order of evaluation.

EXERCISES

3.3 Write C# statements that accomplish each of the following tasks:
a) Display the message "Enter two numbers", using class MessageBox.
b) Assign the product of variables b and ¢ to variable a.
c) State that a program performs a sample payroll calculation (i.e., use text that helps to doc-
ument a program).

3.4 What displays in the message dialog when each of the following C# statements is performed?
Assume the value of x is 2 and the value of y is 3.

a) MessageBox.Show ( + X );
b) MessageBox.Show ( + (x+x) );
c) MessageBox.Show ( )i
d) MessageBox.Show( ( x + y ) + + (y+x) );
3.5 Giveny = ax® + 7, which of the following are correct statements for this equation?
a) y=a *x *x *x + 7;
b)) y=a *x *x* (x + )i
c)y=(a*x) *x* (x+ ) ;
dy=(a*x) *x*x+ 7;
e) y=a* (x*x*x) + 7;
f) y=a*x* (x * x + ) ;

3.6 Indicate the order of evaluation of the operators in each of the following C# statements, and
show the value of x after each statement is performed.

a) x =7+ 3 %6 /2 - 1;

b) x = % + * - / 2;

) x=(3*9* (3 4+ (9*3/(3))));
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3.7 Write an application that displays the numbers 1 to 4 on the same line with each pair of ad-
jacent numbers separated by one space. Write the program using the following methods:

a) Use one Console.Write statement.

b) Use four Console.Write statements.

3.8 Write an application that asks the user to enter two numbers, obtains the two numbers from
the user and prints the sum, product, difference and quotient of the two numbers.

3.9 Write an application that inputs from the user the radius of a circle and prints the circle’s di-
ameter, circumference and area. Use the following formulas (r is the radius): diameter = 2r, circum-
ference = 27r, area = .

3.10  Write an application that displays in the console window a box, an oval, an arrow and a dia-
mond, using asterisks (*) as follows:

*hkkkkkkkk * %% * *

* * * * * k% * %

* * * * *kkk*k * *

* * * * * * *
* * * * * * *
* * * * * * *
* * * * * * *

* * * * * %
*hkkkkkkkk * %% * *

3.11

Modify the program you created in Exercise 3.12 to display the shapes in a MessageBox

dialog. Does the program display the shapes exactly as in Exercise 3.12?

3.12

What does the following code print?

Console.WriteLine ( ) ;

3.13  What does the following code print?

Console.Write( ) ;
Console.Write( )
Console.WriteLine ( ) ;
Console.Write( );
Console.WriteLine ( )i

3.14  Write an application that reads in two integers and determines and prints whether the first is
a multiple of the second. For example, if the user inputs 15 and 3, the first number is a multiple of the
second. If the user inputs 2 and 4, the first number is not a multiple of the second. [Hint: Use the mod-
ulus operator.]

3.15 Here is a peek ahead. In this chapter, you learned about integers and the data type int. C#
can also represent uppercase letters, lowercase letters and a considerable variety of special symbols.
Every character has a corresponding integer representation. The set of characters a computer uses and
the corresponding integer representations for those characters is called that computer’s character set.
You can indicate a character value in a program simply by enclosing that character in single quotes,
as with "A".

You can determine the integer equivalent of a character by preceding that character with
(int)—this is called a cast. (We will say more about casts in Chapter 4.)

( int )



Chapter 3 Infroduction to C# Programming 93

The following statement would output a character and its integer equivalent:

Console.WriteLine (
+ + + (int) )i

When the preceding statement executes, it displays the character A and the value 65 (from the Uni-
code character set) as part of the string.

Write an application that displays the integer equivalents of some uppercase letters, lowercase
letters, digits and special symbols. As a minimum, display the integer equivalents of the following: A
BCaboecO1l1l2 $ * + / andthe blank character.

3.16  Write an application that inputs one number consisting of five digits from the user, separates
the number into its individual digits and prints the digits separated from one another by three spaces
each. For example, if the user types in the number 42339, the program should print

[Hint: This exercise is possible with the techniques you learned in this chapter. You will need to
use both division and modulus operations to “pick off” each digit.]

For the purpose of this exercise, assume that the user enters the correct number of digits. What
happens when you execute the program and type a number with more than five digits? What happens
when you execute the program and type a number with fewer than five digits?

3.17  Using only the programming techniques you learned in this chapter, write an application that
calculates the squares and cubes of the numbers from 0 to 10 and prints the resulting values in table
format, as follows:

number square cube
0 0 0

1 1 1

2 4 8

S 9 27

4 16 64

5 25 125
6 36 216
7 49 343
8 64 512
9 81 729
10 100 1000

[Note: This program does not require any input from the user.]

3.18  Write a program that reads a first name and a last name from the user as two separate inputs
and concatenates the first name and last name, but separated by a space. Display the concatenated
name at the command prompt.

3.19  (“The Twelve Days of Christmas” Song) Write an application that uses repetition and if
structures to print the song “The Twelve Days of Christmas.” Visit the Web site
www.l2days.com/library/carols/l12daysofxmas.htm for the complete lyrics to the
song.



Control Structures:
Part 1

Objectives

To understand basic problem-solving techniques of
programming.

To develop algorithms through the process of top-
down, stepwise refinement.

To use the 1 £ and if/else selection structures to
choose among alternative actions.

To use the while repetition structure to execute
statements in a program repeatedly.

To understand counter-controlled repetition and
sentinel-controlled repetition.

To use the increment, decrement and assignment
operators.

Let’s all move one place on.
Lewis Carroll

The wheel is come full circle.
William Shakespeare, King Lear

How many apples fell on Newton’s head before he took the
hint?
Robert Frost, Comment
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Outline

4.1 Introduction

4.2 Algorithms

4.3 Pseudocode

4.4 Control Structures

4.5 i f Selection Structure

4.6 if/else Selection Structure

4.7 while Repetition Structure

4.8 Formulating Algorithms: Case Study 1 (Counter-Controlled
Repetition)

4.9 Formulating Algorithms with Top-Down, Stepwise Refinement: Case
Study 2 (Sentinel-Controlled Repetition)

4.10 Formulating Algorithms with Top-Down, Stepwise Refinement: Case
Study 3 (Nested Control Structures)

4.11 Assignment Operators

4.12 Increment and Decrement Operators
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4.1 Introduction

Before writing a program to solve a problem, it is essential to have a thorough understand-
ing of the problem and a carefully planned approach. When writing a program, it is equally
essential to understand the types of building blocks that are available and to employ proven
program construction principles. In this chapter and the next, we present the theory and
principles of structured programming. The techniques you will learn are applicable to most
high-level languages, including C#. When we study object-based programming in more
depth in Chapter 8, we will see that control structures are helpful in building and manipu-
lating objects. The control structures discussed in this chapter will enable you to build these
objects in a quick and easy manner.

4.2 Algorithms

Any computing problem can be solved by executing a series of actions in a specific order.
A procedure for solving a problem in terms of

1. the actions to be executed and
2. the order in which these actions are to be executed

is called an algorithm. The example that follows demonstrates the importance of correctly
specifying the order in which the actions are to be executed.

Consider the “rise-and-shine algorithm” followed by one junior executive for getting
out of bed and going to work: (1) get out of bed, (2) take off pajamas, (3) take a shower, (4)
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get dressed, (5) eat breakfast, (6) carpool to work. This routine gets the executive to work
well-prepared to make critical decisions.

Suppose that the same steps are performed in a slightly different order: (1) get out of
bed, (2) take off pajamas, (3) get dressed, (4) take a shower, (5) eat breakfast, (6) carpool
to work. In this case, our executive shows up for work soaking wet.

The importance of correctly specifying the order in which actions appear applies to
computer programs, as well. Program control refers to the task of ordering a program’s
statements correctly. In this chapter, we begin to investigate the program control capabili-
ties of C#.

4.3 Pseudocode

Pseudocode is an artificial and informal language that helps programmers develop algo-
rithms. The pseudocode we present is particularly useful for developing algorithms that
will be converted to structured portions of C# programs. Pseudocode is similar to everyday
English; it is convenient and user-friendly, and it is not an actual computer programming
language.

Pseudocode is not executed on computers. Rather, pseudocode helps the programmer
“think out” a program before attempting to write it in a programming language, such as C#.
In this chapter, we provide several examples of pseudocode algorithms.

aes

| Pseudocode helps the programmer conceptualize a program during the program design pro-
cess. The pseudocode may then be converted to C#.

The style of pseudocode that we present consists solely of characters, thus program-
mers may type pseudocode conveniently using an editor program. Programmers can con-
vert carefully prepared pseudocode programs to corresponding C# programs easily. In
many cases, this conversion takes place simply by replacing pseudocode statements with
their C# equivalents.

Pseudocode normally describes only executable statements—the actions that are per-
formed when the pseudocode is converted to C# and executed. Declarations are not execut-
able statements. For example, the declaration

int 1i;

informs the compiler of the type of variable i and instructs the compiler to reserve space
in memory for this variable. This declaration does not cause any action, such as input, out-
put or a calculation, to occur when the program executes. Some programmers choose to list
variables and their purposes at the beginning of a pseudocode program.

4.4 Control Structures

Normally, statements in a program execute one after the other in the order in which they
appear in the program. This is called sequential execution. Various C# statements enable
the programmer to specify that the next statement to execute may not be the next one in
sequence. A transfer of control occurs when a statement other than the next one in the pro-
gram executes.
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During the 1960s, it became clear that the indiscriminate use of transfers of control was
causing difficulty for software development groups. The problem was the go to statement,
which, in some programming languages, allows the programmer to specify a transfer of
control to one of a wide range of possible destinations in a program. This caused programs
to become quite unstructured and hard to follow. The notion of structured programming
became almost synonymous with “go to elimination.”

The research of Bohm and J acopini1 demonstrated that all programs with goto state-
ments could be written without them. The challenge of the era for programmers was to shift
their styles to “goto-less programming.” It was not until the 1970s that programmers
started taking structured programming seriously. The results were impressive, as software
development groups reported reduced development times, more frequent on-time delivery
of systems and more frequent within-budget completion of software projects. The key to
these successes was that structured programs were clearer, easier to debug and modify and
more likely to be bug-free in the first place.

Bohm and Jacopini’s work demonstrated that all programs could be written in terms of
only three control structures, namely, the sequence structure, the selection structure and
the repetition structure. The sequence structure is built into C#. Unless directed otherwise,
the computer executes C# statements one after the other in the order in which they appear
in a program. The flowchart segment of Fig. 4.1 illustrates a typical sequence structure in
which two calculations are performed in order.

A flowchart is a graphical representation of an algorithm or of a portion of an algo-
rithm. Flowcharts contain certain special-purpose symbols, such as rectangles, diamonds,
ovals and small circles. These symbols are connected by arrows called flowlines, which
indicate the order in which the actions of the algorithm execute. This order is known as the
flow of control.

Like pseudocode, flowcharts often are useful for developing and representing algo-
rithms, although pseudocode is preferred by many programmers. Flowcharts show clearly
how control structures operate; that is all we use them for in this text. The reader should
compare carefully the pseudocode and flowchart representations of each control structure.

!

add studentGrade to total total = total + studentGrade;
add 1 to counter counter = counter + 1;
@)

Fig. 4.1 Flowcharting C#’s sequence structure.

1. Bohm, C., and G. Jacopini, “Flow Diagrams, Turing Machines, and Languages with Only Two
Formation Rules,” Communications of the ACM, Vol. 9, No. 5, May 1966, pp. 336-371.
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Consider the flowchart segment for the sequence structure in Fig. 4.1. We use the rect-
angle symbol, also called the action symbol, to indicate any type of action, including a cal-
culation or an input/output operation. The flowlines in the figure indicate the order in which
the actions are to be performed—first, studentGrade is to be added to total, then 1
is to be added to counter. We can have as many actions as we want in a sequence struc-
ture. Anywhere in a sequence that a single action may be placed, several actions may also
be placed.

When drawing a flowchart that represents a complete algorithm, an oval symbol con-
taining the word “Begin” is the first symbol used; an oval symbol containing the word
“End” indicates where the algorithm ends. When drawing only a portion of an algorithm,
as in Fig. 4.1, the oval symbols are omitted in favor of using small circle symbols, also
called connector symbols.

Perhaps the most important flowcharting symbol is the diamond symbol, also called
the decision symbol, which indicates that a decision is to be made. We discuss the diamond
symbol in Section 4.5.

C# provides three types of selection structures, which we discuss in this chapter and
the next. The if selection structure performs (selects) an action if a condition is true or
skips the action if the condition is false. The if/else selection structure performs an
action if a condition is true and performs a different action if the condition is false. The
switch selection structure, discussed in Chapter 5, Control Structures: Part 2, performs
one of many actions, depending on the value of an expression.

The if structure is called a single-selection structure because it selects or ignores a
single action (or a single group of actions). The i f/else structure is called a double-selec-
tion structure because it selects between two different actions (or groups of actions). The
switch structure is called a multiple-selection structure because it selects among many
different actions (or groups of actions).

C# provides four repetition structures—while, do/while, for and foreach
(while is covered in this chapter, do/while and for are covered in Chapter 5, Control
Structures: Part 2, and foreach is covered in Chapter 8, Object-Based Programming).
Each of the words 1 £, else, switch,while, do, for and foreach are C# keywords.
Figure 4.2 lists the complete set of C# keywords. We discuss the vast majority of C#’s key-
words throughout this book.

C# Keywords

abstract as base bool break
byte case catch char checked
class const continue decimal default
delegate do double else enum
event explicit extern false finally
fixed float for foreach goto

if implicit in int interface

Fig. 4.2 C# keywords. (Part 1 of 2.)
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C# Keywords
internal is lock long namespace
new null object operator out
override params private protected public
readonly ref return sbyte sealed
short sizeof stackalloc static string
struct switch this throw true
try typeof uint ulong unchecked
unsafe ushort using virtual void
volatile while

Fig. 4.2 C# keywords. (Part 2 of 2.)

C# has only eight control structures—sequence, three types of selection and four types
of repetition. Each program is formed by combining as many of each type of control struc-
ture as is necessary. As with the sequence structure in Fig. 4.1, each control structure is
flowcharted with two small circle symbols, one at the entry point to the control structure
and one at the exit point.

Single-entry/single-exit control structures make it easy to build programs—the control
structures are attached to one another by connecting the exit point of one control structure
to the entry point of the next. This is similar to the stacking of building blocks; thus, we call
it control-structure stacking. There is only one other way control structures may be con-
nected, and that is through control-structure nesting, where one control structure can be
placed inside another. Thus, algorithms in C# programs are constructed from only eight dif-
ferent types of control structures combined in only two ways.

45 if Selection Structure

In a program, a selection structure chooses among alternative courses of action. For exam-
ple, suppose that the passing grade on an examination is 60 (out of 100). Then the
pseudocode statement

If student’s grade is greater than or equal to 60
Print “Passed”

determines if the condition “student’s grade is greater than or equal to 60” is true or false.
If the condition is true, then Passed is printed, and the next pseudocode statement in order
is “performed.” (Remember that pseudocode is not a real programming language.) If the
condition is false, the print statement is ignored, and the next pseudocode statement in order
is performed. Note that the second line of this selection structure is indented. Such inden-
tation is optional, but it is highly recommended because it emphasizes the inherent structure
of structured programs. The preceding pseudocode If statement may be written in C# as

if ( studentGrade >= )
Console.WriteLine ( )i
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Notice that the C# code corresponds closely to the pseudocode, demonstrating how
pseudocode can be useful as a program development tool. The statement in the body of the
if structure outputs the character string "Passed" in the console window.

The flowchart in Fig. 4.3 illustrates the single-selection i f structure. This flowchart
contains the most important flowcharting symbol—the decision (or diamond) symbol,
which indicates that a decision is to be made. The decision symbol contains a condition,
that can be either true or false. The decision symbol has two flowlines emerging from
it. One indicates the direction to be taken when the condition in the symbol is true; the other
indicates the direction to be taken when the condition is false. A decision can be made on
any expression that evaluates to a value of C#’s bool type (i.e., any expression that eval-
uates to true or false).

Note that the i £ structure, too, is a single-entry/single-exit structure. The flowcharts
for the remaining control structures also contain (aside from small circle symbols and flow-
lines) only rectangle symbols, to indicate the actions to be performed, and diamond sym-
bols, to indicate decisions to be made. This is the action/decision model of programming
we have been emphasizing.

We can envision eight bins, each containing control structures for only one of the eight
types. The control structures in each bin are empty; nothing is written in the rectangles or dia-
monds. The programmer’s task is to assemble a program using as many control structures as
the algorithm demands, combining those control structures in only two possible ways
(stacking or nesting), then filling in the actions and decisions in a manner appropriate for the
algorithm. We will discuss the variety of ways in which actions and decisions may be written.

4.6 if/else Selection Structure

The i £ selection structure performs an indicated action only when the condition evaluates
to true; otherwise, the action is skipped. The if/else selection structure allows the pro-
grammer to specify different actions to perform when the condition is true and when the
condition is false. For example, the pseudocode statement

If student’s grade is greater than or equal to 60
Print “Passed”

Else
Print “Failed”

true

studentGrade >= 60 print “Passed”

falseié

Fig. 4.3 Flowcharting a single-selection 1 £ structure.
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prints Passed if the student’s grade is greater than or equal to 60, and prints Failed if the
student’s grade is less than 60. In either case, after printing occurs, the next pseudocode
statement in sequence is “performed.”

The preceding pseudocode If/Else structure may be written in C# as

if ( studentGrade >= )
Console.WriteLine ( ) ;
else
Console.WriteLine ( ) ;

——an Good Programming Practice 4.1
\ﬂ Indent both body statements of an i f/else structure.

Note that the body of the el se statement also is indented. The indentation convention
you choose should be applied carefully throughout your programs. It is difficult to read pro-
grams that do not use uniform spacing conventions.

The flowchart in Fig. 4.4 illustrates the flow of control in the i £/else structure. Note
that (besides small circles and arrows) the only symbols in the flowchart are rectangles (for
actions) and a diamond (for a decision). We continue to emphasize this action/decision
model of computing.

The conditional operator (? : ) is related closely to the 1f/else structure. The ? : is
C#’s only ternary operator—it takes three operands. The operands and the ? : form a con-
ditional expression. The first operand is a condition (i.e., an expression that evaluates to a
bool value), the second is the value for the conditional expression if the condition evalu-
ates to true and the third is the value for the conditional expression if the condition eval-
uates to £alse. For example, the output statement

Console.WriteLine( studentGrade >= ? : ):

contains a conditional expression that evaluates to the string "Passed" if the condition
studentGrade >= 60 is true and evaluates to the string "Failed" if the condition is
false.

false true

studentGrade >= 60

print “Failed” print “Passed”

Fig. 4.4 Flowcharting a double-selection i f£/else structure.
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The statement with the conditional operator performs in the same manner as the pre-
ceding if/else statement. The precedence of the conditional operator is low, so the entire
conditional expression normally is placed in parentheses. Conditional operators can be
used in some situations where if/else statements cannot, such as the argument to the
WriteLine method shown earlier.

Nested if/else structures can test for multiple cases by placing if/else struc-
tures inside other i f/else structures. For example, the following pseudocode statement
will print A for exam grades greater than or equal to 90, B for grades in the range 80-89,
¢ for grades in the range 70-79, D for grades in the range 60-69 and F for all other
grades:

If student’s grade is greater than or equal to 90
Print “A”
Else
If student’s grade is greater than or equal to 80
Print “B”
Else
If student’s grade is greater than or equal to 70
Print “C”
Else
If student’s grade is greater than or equal to 60
Print “D”
Else
Print “F”

This pseudocode may be written in C# as

if ( studentGrade >= )
Console.WriteLine ( ) ;
else
if ( studentGrade >= )
Console.WriteLine ( )
else
if ( studentGrade >= )
Console.WriteLine ( ) ;
else
if ( studentGrade >= )
Console.WriteLine ( )
else
Console.WriteLine ( )

If studentGrade is greater than or equal to 90, the first four conditions are true, but only
the Console.WriteLine statement after the first test executes. After that particular
Console.WriteLine executes, the program skips the else part of the “outer” if/
else structure.

If there are several levels of indentation, each level should be indented the same additional
amount of space.

— [|Good Programming Practice 4.2
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Most C# programmers prefer to write the preceding i f structure as

if ( studentGrade >= )
Console.WriteLine ( )
else if ( studentGrade >= )
Console.WriteLine ( ) ;
else if ( studentGrade >= )
Console.WriteLine ( )
else if ( studentGrade >= )
Console.WriteLine ( ) ;
else
Console.WriteLine ( )

Both forms are equivalent. The latter form is popular because it avoids the deep indentation
of the code. Such indentation often leaves little room on a line, forcing lines to be split and
decreasing program readability.

The C# compiler always associates an else with the previous i £, unless told to do
otherwise by the placement of braces ({ }). This is referred to as the dangling-else problem.
For example,

if (x > )
if (y > )
Console.WriteLine ( ) ;
else
Console.WriteLine ( )

appears to indicate that if x is greater than 5, the i £ structure in its body determines if y
is also greater than 5. If so, the string "x and y are > 5" is output. Otherwise, it appears
that if x is not greater than 5, the else part of the i f/else structure outputs the string
"xis<=5".

@The reader can use Visual Studio to indent code properly. In order to check indentation, the
reader should highlight the relevant code and press Ctrl-K followed immediately by Ctrl-F.

However, the preceding nested if structure does not execute as its indentation
implies. The compiler actually interprets the structure as

if (x> )
if (y > )
Console.WriteLine ( )
else
Console.WriteLine ( )

in which the body of the first i £ structure is an i £/else structure. This structure tests if
x is greater than 5. If so, execution continues by testing if y is also greater than 5. If the
second condition is true, the proper string—"x and y are > 5"—is displayed. However,
if the second condition is false, the string "x is <= 5" is displayed, even though we know
x is greater than 5.

To force the preceding nested i £ structure to execute as it was originally intended, the
structure must be written as follows:
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if (x > )

{
if (y > )
Console.WriteLine ( )

}

else
Console.WriteLine ( )i

The braces ({ }) indicate to the compiler that the second i £ structure is in the body of the
first 1 £ structure and that the else is matched with the first i £ structure.

The i £ selection structure normally expects only one statement in its body. To include
several statements in the body of an i £, enclose these statements in braces ({ and }). A set
of statements contained in a pair of braces is called a block.

—

| A block can be placed anywhere in a program at which a single statement can be placed.

The following example includes a block in the else part of an i £/else structure:

if ( studentGrade >= )
Console.WriteLine ( ) ;
else
Console.WriteLine ( ) ;
Console.WriteLine ( )

In this case, if studentGrade is less than 60, the program executes both statements in
the body of the else and prints

Failed
You must take this course again.

Notice the braces surrounding the two statements in the else clause. These braces are im-
portant. Without the braces, the statement

Console.WriteLine ( ) ;

would be outside the body of the else and would execute regardless of whether the grade
is less than 60.

— jCommon Programming Error 4.1

Forgetting one of the braces that delimit a block can lead to syntax errors. Forgetting both
of the braces that delimit a block can lead to syntax and/or logic errors.

Syntax errors, such as when one brace in a block is left out of the program, are caught
by the compiler. A logic error, such as the error caused when both braces in a block are left
out of the program, has its effect at execution time. A fatal logic error causes a program to
fail and terminate prematurely. A nonfatal logic error allows a program to continue exe-
cuting, but the program produces incorrect results.

| Just as a block can be placed anywhere a single statement can be placed, it is also possible

to have an empty statement, which is represented by placing a semicolon ( ; ) where a state-
ment normally would be.
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—=z- Common Programming Error 4.2

E Placing a semicolon after the condition in an if structure leads to a logic error in single-
selection i £ structures and a syntax error in double-selection i £ structures (if the i £ clause
contains a nonempty body statement).

Some programmers prefer to type the beginning and ending braces of blocks before typing
the individual statements within the braces. This practice helps avoid omitting one or both of
the braces.

— EGOOd Programming Practice 4.3

In this section, we introduced the notion of a block. A block may contain declarations.
The declarations in a block commonly are placed first in the block before any action state-
ments, but declarations may be intermixed with action statements.

4.7 while Repetition Structure

A repetition structure allows the programmer to specify that an action is to be repeated
while a condition remains true. The pseudocode statement

While there are more items on my shopping list
Purchase next item and cross it off my list

describes the repetition that occurs during a shopping trip. The condition, “there are more
items on my shopping list” may be true or false. If it is true, then the action, “Purchase next
item and cross it off my list” is performed. This action executes repeatedly while the con-
dition remains true. The statement(s) contained in the while repetition structure constitute
the body of the while. The while structure body may be a single statement or a block. Even-
tually, the condition becomes false (when the last item on the shopping list has been pur-
chased and crossed off the list). At this point, the repetition terminates, and the first
statement after the repetition structure executes.

As an example of a while structure, consider a program segment designed to find the
first power of 2 larger than 1000. Suppose int variable product contains the value 2.
When the following while structure finishes executing, product contains the result:

int product = 2;
while ( product <= )
product = * product;

The flowchart in Fig. 4.5 illustrates the flow of control of the preceding while repe-
tition structure. Once again, note that (besides small circles and arrows) the flowchart con-
tains only a rectangle symbol and a diamond symbol.

—=2- Common Programming Error 4.3

ﬁ Not providing in the body of a while structure an action that eventually causes the con-
dition to become false is a logic error. Normally, such a repetition structure will never ter-
minate, which is an error called an “infinite loop.”

——uz- Common Programming Error 4.4

Beginning the keyword while with an uppercase W, as in While, is a syntax error. Remem-
ber that C# is a case-sensitive language. All of C#’s keywords—while, if, else, etc.—
contain only lowercase letters.
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true

product = 2 * product

product <= 1000

O

Fig. 4.5 Flowcharting the while repetition structure.

@ Visual Studio .NET will not color a keyword properly unless that keyword is spelled correctly
and with the correct case.

Imagine, again, a deep bin of empty while structures that may be stacked and nested
with other control structures to form a structured implementation of an algorithm’s flow of
control. The empty rectangles and diamonds are filled with appropriate actions and deci-
sions. The flowchart clearly shows the repetition. The flowline emerging from the rectangle
indicates that program control continues with the decision, which is tested during each iter-
ation of the loop until the decision eventually becomes false. At this point, the while
structure terminates, and control passes to the next statement following the while struc-
ture in the program.

When the while structure begins executing, product is 2. Variable product is
repeatedly multiplied by 2, taking on the values 4, 8, 16, 32, 64, 128, 256, 512 and 1024,
successively. When product becomes 1024, the condition product <= 1000 in the
while structure becomes £alse. This terminates the repetition with 1024 as product’s
final value. Execution continues with the next statement after the while. [Note: If awhile
structure’s condition is initially £alse, the body statement(s) will never be executed.]

4.8 Formulating Algorithms: Case Study 1 (Counter-Controlled
Repetition)

To illustrate how algorithms are developed, we solve several variations of a class-averaging
problem. Consider the following problem statement:

A class of ten students took a quiz. The grades (integers in the range 0 to 100)
for this quiz are available to you. Determine the class average on the quiz.

The class average is equal to the sum of the grades divided by the number of students. The
algorithm for solving this problem on a computer must input each of the grades, perform
the averaging calculation and display the result.

Let us use pseudocode to list the actions to execute and to specify the order of execu-
tion. We use counter-controlled repetition to input the grades one at a time. This technique
uses a variable called a counter to control the number of times a set of statements will exe-
cute. In this example, repetition terminates when the counter exceeds 10. This section pre-
sents a pseudocode algorithm (Fig.4.6) and the corresponding program (Fig.4.7). In
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Section 4.9, we show how to develop a pseudocode algorithm. Counter-controlled repeti-
tion is also called definite repetition because the number of repetitions is known before the
loop begins executing.

Set total to zero
Set grade counter to one

While grade counter is less than or equal to ten
Input the next grade
Add the grade into the total
Add one to the grade counter

Set the class average to the total divided by ten
Print the class average

Fig. 4.6 Pseudocode algorithm that uses counter-controlled repetition to solve
the class-average problem.

1

2

3

4  using System;

5

6 class Averagel

7 {

8 static void Main( string[] args )
9 {

10 int total,

11 gradeCounter,

12 gradeValue,

13 average;

14

15

16 total = 0;

17 gradeCounter = 1;

18

19

20 while ( gradeCounter <= )
21 {

22

23 Console.Write( );
24

25

26 gradeValue = Int32.Parse( Console.ReadLine() );
27

28

29 total = total + gradeValue;
30

Fig. 4.7 Class average program with counter-controlled repetition. (Part 1 of 2.)
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32 gradeCounter = gradeCounter + 1;

36 average = total / ;

39 Console.WriteLine ( , average );

Enter integer grade: 100
Enter integer grade: 88
Enter integer grade: 93
Enter integer grade: 55
Enter integer grade: 68
Enter integer grade: 77
Enter integer grade: 83
Enter integer grade: 95
Enter integer grade: 73
Enter integer grade: 62

Class average is 79

Fig. 4.7 Class average program with counter-controlled repetition. (Part 2 of 2.)

Note the references in the algorithm (Fig. 4.6) to a total and a counter. The pseudocode
variable fotal accumulates the sum of a series of values. A counter is a variable that
counts—in this case, that counts the number of grades entered. Variables that store totals
normally should be initialized to zero before being used in a program; otherwise, the sum
would include the previous value stored in the total’s memory location.

@Initialize counters and totals.

Line 6 begins the definition of class Averagel. Remember that an application class
definition must contain a Main method (lines 8—41) to begin execution of the application.

Lines 10-13 declare variables total, gradeCounter, gradeValue and
average to be of type int. Variable gradeValue will store the value the user inputs
after the value is converted from a stringto an int.

— [|Good Programming Practice 4.4

Always place a blank line between a declaration and executable statements. This makes the
declarations stand out in a program and contributes to program clarity.

Lines 16-17 are assignment statements that initialize total to 0 and grade-
Counter to 1. Variables total and gradeCounter are initialized before they are
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used in a calculation. Recall that using uninitialized variables in calculations results in com-
pilation errors.

Line 20 indicates that the while structure should continue as long as the value of
gradeCounter is less than or equal to 10. Lines 23 and 26 correspond to the pseudocode
statement “Input the next grade.” The statement on line 23 displays the prompt “Enter
integer grade:” on the screen. The statement on line 26 reads the information entered
by the user, converts it to an int and stores the value in gradeValue. Next, line 29
updates the total with the new gradeValue by adding gradeValue to the previous
value of total and assigning the result to total.

The program is now ready to increment the variable gradeCounter to indicate that
a grade has been processed. Line 32 adds 1 to gradeCounter, so the condition in the
while structure eventually will become false and terminate the loop. Line 36 assigns the
results of the average calculation to variable average. Line 39 displays a message con-
taining the string "Class average is " followed by the value of variable average.

The averaging calculation produces an integer result. Actually, the sum of the grade-
point values in this example is 794, which, when divided by 10, yields 79.4. Such numbers
with a decimal point are called floating-point numbers; we discuss floating-point numbers
in the next section.

4.9 Formulating Algorithms with Top-Down, Stepwise
Refinement: Case Study 2 (Sentinel-Controlled Repetition)

Let us generalize the class-average problem. Consider the following problem:

Develop a class-averaging program that processes an arbitrary number of grades each time
the program executes.

In the first class-average example, the number of grades (10) was known in advance. In this
example, no indication is given of how many grades are to be input. The program must pro-
cess an arbitrary number of grades. How can the program determine when to stop the input
of grades? How will it know when to calculate and print the class average?

One way to solve this problem is to use a special value called a sentinel value (also
called a signal value, a dummy value or a flag value) to indicate “end of data entry.” The
user inputs all grades and then types the sentinel value to indicate that the last grade has
been entered. Sentinel-controlled repetition often is called indefinite repetition because the
number of repetitions is not known before the loop begins executing.

The sentinel value cannot be confused with an acceptable input value. Grades on a quiz
are normally nonnegative integers, thus -1 is an acceptable sentinel value for this problem.
A run of the class-average program might process a stream of inputs such as 95, 96, 75, 74,
89 and -1. The program would then compute and print the class average for the grades 95,
96, 75, 74 and 89. The sentinel value, -1, should not enter into the averaging calculation.

— jCommon Programming Error 4.5

Choosing a sentinel value that is also a legitimate data value results in a logic error and may
prevent a sentinel-controlled loop from terminating properly, a problem known as an infinite
loop.

We approach the class-average program with fop-down, stepwise refinement, a tech-
nique essential to the development of well-structured algorithms. We begin with a
pseudocode representation of the fop:
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Determine the class average for the quiz

The top is a single statement that conveys the overall function of the program. As such, the
top is a complete representation of a program. Unfortunately, the top rarely conveys a suf-
ficient amount of detail from which to write the C# algorithm. Therefore, we conduct the
refinement process. We divide the top into a series of smaller tasks and list these in the or-
der in which they must be performed. This results in the following first refinement:

Initialize variables
Input, sum up and count the quiz grades
Calculate and print the class average

Here, only the sequence structure has been used—the steps listed are to be executed in or-
der, one after the other.

—

! Each refinement, including the top, is a complete specification of the algorithm; only the lev-
el of detail in each refinement varies.

To proceed to the next level of refinement (i.e., the second refinement), we commit to
specific variables. We need a running total of the numbers, a count of how many numbers
have been processed, a variable to receive the value of each grade and a variable to hold the
calculated average. The pseudocode statement

Initialize variables
may be refined as follows:

Initialize total to zero
Initialize counter to zero

Notice that only the variables tofal and counter are initialized before they are used; the vari-
ables average and grade (for the calculated average and the user input, respectively) need
not be initialized because their values are determined as they are calculated or input.

The pseudocode statement

Input, sum up and count the quiz grades

requires a repetition structure (i.e., a loop) that successively inputs each grade. We do not
know how many grades are to be processed, thus we use sentinel-controlled repetition. The
user types in legitimate grades one at a time. After the last legitimate grade is typed, the
user types the sentinel value. The program tests for the sentinel value after each grade is
input and terminates the loop when the user enters the sentinel value. The second refine-
ment of the preceding pseudocode statement is then

Input the first grade (possibly the sentinel)

While the user has not as yet entered the sentinel
Add this grade into the running total
Add one to the grade counter
Input the next grade (possibly the sentinel)

We do not use braces around the pseudocode that forms the body of the while structure. We
simply indent the pseudocode under the while to show that it belongs to the while structure.
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Note that a value is input both before reaching the loop and at the end of the loop’s body.
As we enter the loop, the value input before the loop is tested to determine whether it is the
sentinel. If so, the loop terminates; otherwise, the body of the loop executes. The body pro-
cesses the grade, then inputs the next grade. Then, the new grade is tested at the top of the
loop to determine if that grade is the sentinel.

The pseudocode statement

Calculate and print the class average
may be refined as follows:

If the counter is not equal to zero
Set the average to the total divided by the counter
Print the average

Else
Print “No grades were entered”

We test for the possibility of division by zero—a logic error that, if undetected, causes the
program to produce invalid output. The complete second refinement of the pseudocode al-
gorithm for the class-average problem is shown in Fig. 4.8.

@ When performing division by an expression whose value could be zero, explicitly test for this
case and handle it appropriately in your program, possibly printing an error message.
Good Programming Practice 4.5

| Include blank lines in pseudocode programs for increased readability. The blank lines sep-
arate pseudocode control structures and the program’s phases.

Initialize total to zero
Initialize counter to zero

Input the first grade (possibly the sentinel)

While the user has not as yet entered the sentinel
Add this grade into the running total
Add one to the grade counter
Input the next grade (possibly the sentinel)

If the counter is not equal to zero
Set the average to the total divided by the counter
Print the average

Else
Print “No grades were entered”

Fig. 4.8 Pseudocode algorithm that uses sentinel-controlled repetition to solve
the class-average problem.
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aes

| Many algorithms can be divided logically into three phases—an initialization phase that ini-
tializes the program variables, a processing phase that inputs data values and adjusts pro-
gram variables accordingly and a termination phase that calculates and prints the results.

The pseudocode algorithm in Fig. 4.8 solves the more general class-averaging
problem. This algorithm was developed after only two levels of refinement. Sometimes
more levels are necessary.

! The programmer terminates the top-down, stepwise refinement process when the pseudocode

algorithm is specified in sufficient detail for the programmer to convert the pseudocode to a C#
program. Implementing the C# program then normally occurs in a straightforward manner.

The C# program for this pseudocode is shown in Fig. 4.9. Notice from the output that
each grade entered is an integer, although the averaging calculation is likely to produce a
number with a decimal point. The type int cannot represent real numbers, so this program
uses data type double to handle floating-point numbers.

The program also introduces the cast operator (line 44) to handle the type conversion
for the averaging calculation. These features are explained in detail in our discussion of
Fig. 4.9.

1

2

3

4 using System;

5

6 class Average2

7 A

8 static void Main( string[] args )
9 {

10 int total,

11 gradeCounter,

12 gradeValue;

13

14 double average;

15

16

17 total = 0;

18 gradeCounter = 0;

19

20

21

22 Console.Write ( ) ;
23 gradeValue = Int32.Parse( Console.ReadLine() );
24

25

26 while ( gradeValue != )

27

28

29 total = total + gradeValue;

Fig. 4.9 Class-average program with sentinel-controlled repetition. (Part 1 of 2.)
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32 gradeCounter = gradeCounter + 1;

36 Console.Write( ) ;
37 gradeValue = Int32.Parse( Console.ReadLine() );

42 if ( gradeCounter != )

44 average = ( double ) total / gradeCounter;

47 Console.WriteLine ( , average );

49 }

50 else

51 {

52 Console.WriteLine ( ) :
53 }

Enter Integer Grade, -1 to Quit: 97
Enter Integer Grade, -1 to Quit: 88
Enter Integer Grade, -1 to Quit: 72
Enter Integer Grade, -1 to Quit: -1

Class average is 85.6666666666667
Fig. 4.9 Class-average program with sentinel-controlled repetition. (Part 2 of 2.)

In this example, we examine how control structures may be stacked on top of one
another, in sequence. The while structure (lines 26-39) is followed immediately by an i £
structure (lines 42-51). Much of the code in this program is identical to the code in Fig. 4.7,
so we concentrate on the new features in this example.

Line 14 declares variable average to be of type double. This change allows us to
store the result of the class-average calculation as a floating-point number. Line 18 initial-
izes gradeCounter to 0 because no grades have been input yet—recall that this program
uses sentinel-controlled repetition. To keep an accurate record of the number of grades
entered, variable gradeCounter is incremented only when a valid grade value is input.

Notice the differences between sentinel-controlled repetition and the counter-con-
trolled repetition of Fig. 4.7. In counter-controlled repetition, we read a value from the user
during each pass of the while structure for the specified number of iterations. In sentinel-
controlled repetition, we read one value (line 23) before the program reaches the while
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structure. This value is used to determine if the program’s flow of control should enter the
body of the while structure. If the while structure condition is false (i.e., the user has
entered the sentinel value), the body of the while structure does not execute (i.e., no
grades were entered). If, on the other hand, the condition is true, the body begins execution,
and the value input by the user is processed (added to the total). Then, the next value is
input from the user before the end of the while structure’s body. When program control
reaches the closing right brace (}) of the body (line 39), execution continues with the next
test of the while structure condition. The new value input by the user determines if the
while structure’s body should execute again. Notice that the next value is input from the
user immediately before the while structure condition is evaluated (line 37). This allows
the program to determine whether the value just input by the user is the sentinel value
before the program processes that value as a valid grade. If the value is the sentinel value,
the while structure terminates, and the value is not added to the total.

Notice the block that composes the while loop in Fig. 4.9. Without the braces, the
last three statements in the body of the loop would be outside the loop, causing the com-
puter to interpret the code incorrectly, as follows:

while ( gradeValue != )
total = total + gradeValue;
gradeCounter = gradeCounter + 1;

Console.Write( );
gradeValue = Int32.Parse( Console.ReadLine() );

An infinite loop occurs in the program if the user fails to input the sentinel -1 as the input
value at line 23 (before the while structure).

— jCommon Programming Error 4.6

Omitting the curly braces that delimit a block in a repetition structure can lead to logic er-
rors, such as infinite loops.

In a sentinel-controlled loop, the prompts requesting data entry should remind the user of the
sentinel value.

— [|Good Programming Practice 4.6

Averages do not always evaluate to integer values. Often, an average is a value such
as 3.333 or 2.7, that contains a fractional part. These values are floating-point numbers and
usually are represented by the data type double. We declare the variable average as
type double to capture the fractional result of our calculation. However, the result of the
calculation total / gradeCounter is an integer because total and grade-
Counter are both integer variables. Dividing two integers results in integer division, in
which any fractional part of the calculation is fruncated and the result is a whole number.
The calculation is performed first, thus the fractional part is lost before the result is assigned
to average. To produce a floating-point calculation with integer values, we must create
temporary values that are floating-point numbers for the calculation. C# provides the unary
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cast operator to create this temporary value. Line 44 uses the cast operator ( double ) to
create a temporary floating-point copy of its operand—total. Using a cast operator in this
manner is called explicit conversion. The value stored in total is still an integer. The cal-
culation now consists of a floating-point value (the temporary double version of total)
divided by the integer gradeCounter. Note that the cast does not modify the value
stored in memory for total. Rather it creates a temporary value that is used only for this
calculation.

— jCommon Programming Error 4.7

Assuming that integer division rounds (rather than truncates) can lead to incorrect results.

C# can evaluate only arithmetic expressions in which the data types of the operands
are identical. To ensure that the operands are of the same type, C# performs implicit con-
version (also called promotion) on selected operands. Through implicit conversion, in an
expression containing the data types int and double, int operands are promoted to
double. In our example, the temporary double version of total is divided by the int
gradeCounter. Therefore, a temporary version of gradeCounter is promoted to
double, the calculation is performed and the result of the floating-point division is
assigned to average.

Cast operators are available for most data types. The cast operator is known as a unary
operator (i.e., an operator that takes only one operand) and is formed by placing paren-
theses around a data type name. In Chapter 3, Introduction to C# Programming, we studied
the binary arithmetic operators. C# also supports unary versions of the plus (+) and minus
(-) operators, so the programmer can write expressions like -7 or +5. Cast operators asso-
ciate from right to left and have the same precedence as other unary operators, such as unary
+ and unary -. This precedence is one level higher than that of the multiplicative operators
*, / and % and one level lower than that of parentheses. (See the operator precedence chart
in Appendix A.) In our precedence charts, we indicate the cast operator with the notation

(type) to show that any type name can form a cast operator.

—=- Common Programming Error 4.8

Using floating-point numbers in a manner that assumes that they are precisely represented
real numbers can lead to incorrect results. Real numbers are represented only approximately
by computers.

Do not compare floating-point values for equality or inequality. Rather, test that the absolute
value of the difference between two floating-point numbers is less than a specified small value.

—.—i EGood Programming Practice 4.7

Despite the fact that floating-point numbers are not always “100% precise,” they have
numerous applications. For example, when we speak of a “normal” body temperature of
98.6, we do not need to be precise to a large number of digits. When we view the temper-
ature on a thermometer and read it as 98.6, it may actually be 98.5999473210643. Calling
such a number simply 98.6 is fine for most applications.

Floating-point numbers also develop through division. When we divide 10 by 3, the
result is 3.3333333..., with the sequence of 3s repeating infinitely. The computer allocates
only a fixed amount of space to hold such a value, so the stored floating-point value can be
only an approximation.
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Line 47 displays the value of average. We specify average as the second argument
to WriteLine. Method WriteLine will convert this argument to a string and dis-
play its value.

4.10 Formulating Algorithms with Top-Down, Stepwise
Refinement: Case Study 3 (Nested Control Structures)

Let us work through another complete problem. We will again formulate the algorithm us-
ing pseudocode and top-down, stepwise refinement; we will write a corresponding C# pro-
gram.

Consider the following problem statement:

A college offers a course that prepares students for the state licensing exam for real estate
brokers. Last year, several of the students who completed this course took the licensing
examination. The college wants to know how well its students did on the exam. You have
been asked to write a program to summarize the results. You have been given a list of the 10
students. Next to each name is written a 1 if the student passed the exam and a 2 if the stu-
dent failed the exam.

Your program should analyze the results of the exam as follows:

1. Input each test result (i.e., a I or a 2). Display the message “Enter result” on the
screen each time the program requests another test result.
2. Count the number of test results of each type.

3. Display a summary of the test results, indicating the number of students who passed
and the number of students who failed the exam.

4. If more than 8 students passed the exam, print the message “Raise tuition.”

After reading the problem statement carefully, we make the following observations
about the problem:

1. The program must process test results for 10 students. A counter-controlled loop
will be used.

2. Each test result is a number—either a 1 or a 2. Each time the program reads a test
result, the program must determine if the number is a 1 or a 2. We test for a 1 in
our algorithm. If the number is not a 1, we assume that it is a 2. (An exercise at the
end of the chapter considers the consequences of this assumption.)

3. Two counters keep track of the exam results—one to count the number of students
who passed the exam and one to count the number of students who failed.

4. After the program processes all the results, it must decide if more than eight stu-
dents passed the exam.

Let us proceed with top-down, stepwise refinement. We begin with a pseudocode rep-
resentation of the top:

Analyze exam results and decide if tuition should be raised

Once again, it is important to emphasize that the top is a complete representation of the pro-
gram, but several refinements are likely to be needed before the pseudocode can be evolved
naturally into a C# program. Our first refinement is
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Initialize variables

Input the ten exam grades and count passes and failures

Print a summary of the exam results and decide if tuition should be raised
Even though we have a complete representation of the entire program, further refinement
is necessary. We must commit to specific variables. Counters are needed to record the pass-
es and failures. A counter controls the looping process and a variable stores the user input.
The pseudocode statement

Initialize variables
may be refined as follows:

Initialize passes to zero
Initialize failures to zero
Initialize student to one

Only the counters for the number of passes, number of failures and number of students are
initialized. The pseudocode statement

Input the ten quiz grades and count passes and failures

requires a loop that successively inputs the result of each exam. Here, it is known in ad-
vance that there are precisely ten exam results, so counter-controlled repetition is appropri-
ate. Inside the loop (i.e., nested within the loop) a double-selection structure determines
whether each exam result is a pass or a failure, and the structure increments the appropriate
counter accordingly. The refinement of the preceding pseudocode statement is

While student counter is less than or equal to ten
Input the next exam result

If the student passed
Add one to passes
Else
Add one to failures

Add one to student counter

Notice the use of blank lines to offset the If/Else control structure to improve program read-
ability. The pseudocode statement

Print a summary of the exam results and decide if tuition should be raised
may be refined as follows:

Print the number of passes
Print the number of failures

If more than eight students passed
Print “Raise tuition”

The complete second refinement appears in Fig. 4.10. Notice that blank lines also set off
the While structure for program readability.

The pseudocode now is refined sufficiently for conversion to C#. The C# program and
sample executions are shown in Fig. 4.11.
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Initialize passes to zero
Initialize failures to zero
Initialize student to one

While student counter is less than or equal to ten
Input the next exam result

If the student passed
Add one to passes
Else
Add one to failures

Add one to student counter

Print the number of passes
Print the number of failures

If more than eight students passed
Print “Raise tuition”

Fig. 4.10 Pseudocode for examination-results problem.

1

2

3

4 using System;

5

6 class Analysis

7 {

8 static void Main( string[] args )
9 {

10 int passes = 0,

11 failures = 0,

12 student = 1,

13 result;

14

15

16 while ( student <= )

17 {

18 Console.Write ( );
19 result = Int32.Parse( Console.ReadLine() );
20

21 if ( result == )

22 passes = passes + .;

23

24 else

25 failures = failures + 1;

Fig. 4.11 C# program for examination-results problem. (Part 1 of 2.)



Chapter 4 Control Structures: Part 1 119

27 student = student + 1;

31 Console.WriteLine() ;
32 Console.WriteLine ( + passes );
33 Console.WriteLine ( + failures );

35 if ( passes > )
36 Console.WriteLine ( )i

Enter result (l=pass, 2=fail):
Enter result (l=pass, 2=fail):
Enter result (l=pass, 2=fail):
Enter result (l=pass, 2=fail):
Enter result (l=pass, 2=fail):
Enter result (l=pass, 2=fail):
Enter result (l=pass, 2=fail):
Enter result (l=pass, 2=fail):
Enter result (l=pass, 2=fail):
Enter result (l=pass, 2=fail):

HFERRRBEPRPREPHERBRNR

Passed: 9
Failed: 1
Raise Tuition

Enter result (l=pass, 2=fail)
Enter result (l=pass, 2=fail)
Enter result (l=pass, 2=fail)
Enter result (l=pass, 2=fail)
Enter result (l=pass, 2=fail)
Enter result (l=pass, 2=fail)
Enter result (l=pass, 2=fail)
Enter result (l=pass, 2=fail)
Enter result (l=pass, 2=fail)
Enter result (l=pass, 2=fail)

RPFRPRRPRRERPMDMDMDNMDDMNDDNDPR

Passed: 5
Failed: 5

Fig. 4.11 C# program for examination-results problem. (Part 2 of 2.)

Lines 1013 declare the variables used in Main to process the examination results. We
have taken advantage of a C# feature that incorporates variable initialization into declara-
tions (passes is assigned 0, failures is assigned 0 and student is assigned 1). Pro-
grams that contain repetition may require initialization at the beginning of each repetition;
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such initialization normally occurs in assignment statements. Notice the use of the nested
if/else structure (lines 21-25) in the while structure’s body. Also, notice the new state-
ment at line 31 that uses Console.WriteLine to output a blank line.

| The most difficult part of solving a problem on a computer is developing the algorithm for

the solution. Once a correct algorithm has been specified, the process of producing a work-
ing C# program from the algorithm is normally straightforward.

aes

iMany experienced programmers write programs without ever using program development
tools like pseudocode. These programmers feel that their ultimate goal is to solve the prob-
lem on a computer, and that writing pseudocode merely delays the production of final output.
Although this may work for simple and familiar problems, it can lead to serious problems on
large, complex projects.

4.11 Assignment Operators

C# provides several assignment operators for abbreviating assignment expressions. For ex-
ample, the statement

c=c+ 3;
can be abbreviated with the addition assignment operator += as
C += ;

The += operator adds the value of the expression on the right of the operator to the value of
the variable on the left of the operator and stores the result in the variable on the left of the
operator. Any statement of the form

variable = variable operator expression;

where operator is one of the binary operators +, -, *, / or % (or others we will discuss later
in the book), can be written in the form

variable operator= expression;

Figure 4.12 includes the arithmetic assignment operators, sample expressions using
these operators and explanations.

— jCOmmon Programming Error 4.9

Placing a space character between symbols that compose an arithmetic assignment operator
is a syntax error.

Assignment operator Sample expression  Explanation Assigns
Assume: int ¢ = 3, d =5, e= 4, £ =6, g = ;
+= Cc += c =c + 10toc

Fig. 4.12  Arithmetic assignment operators. (Part 1 of 2.)
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Assignment operator Sample expression  Explanation Assigns
-= d -= d=4d - ltod
*= e *= e = e * 20to e
/= £ /= £f=f/ 2to £
%= g %= g=g9g % 3t0g

Fig. 4.12  Arithmetic assignment operators. (Part 2 of 2.)

4.12 Increment and Decrement Operators

C# provides the unary increment operator, ++, and the unary decrement operator, - -,
which are summarized in Fig. 4.13. A program can increment the value of a variable called
c by 1 using the increment operator, ++, rather than the expressionc =c + Lor ¢ += 1. If
an increment or decrement operator is placed before a variable, it is referred to as the pre-
increment or predecrement operator, respectively. If an increment or decrement operator
is placed after a variable, it is referred to as the postincrement or postdecrement operator,
respectively.

Preincrementing (or predecrementing) a variable causes the variable to be incremented
(or decremented) by 1, and then the new value of the variable is used in the expression in
which it appears. Postincrementing (or postdecrementing) the variable causes the current
value of the variable to be used in the expression in which it appears, and then the variable
value is incremented (or decremented) by 1.

The application in Fig. 4.14 demonstrates the difference between the preincrementing
version and the postincrementing version of the ++ increment operator. Postincrementing
the variable ¢ causes it to be incremented after it is used in the Console.WriteLine
method call (line 14). Preincrementing the variable ¢ causes it to be incremented before it
is used in the Console.WriteLine method call (line 21).

Operator Called Sample expression Explanation

++ preincrement  ++a Increment a by 1, then use the new value of
a in the expression in which a resides.

++ postincrement a++ Use the current value of a in the expression
in which a resides, then increment a by 1.

-- predecrement --b Decrement b by 1, then use the new value
of b in the expression in which b resides.

-- postdecrement b- - Use the current value of b in the expression
in which b resides, then decrement b by 1.

Fig. 4.13 The increment and decrement operators.
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1

2

3

4 using System;

5

6 class Increment

7 A

8 static void Main( stringl[] args )
9 {
10 int c¢;
11
12 c = 5;
13 Console.WriteLine( c );
14 Console.WriteLine( c++ );
15 Console.WriteLine( c );
16

17 Console.WriteLine();

18

19 CcC = H
20 Console.WriteLine( c );
21 Console.WriteLine( ++c );
22 Console.WriteLine( c );
23

24 }

25

26}

5

5

6

5

6

6

Fig. 4.14 The difference between preincrementing and postincrementing.

The program displays the value of ¢ before and after the ++ operator is used. The dec-
rement operator (- -) works similarly.
——un G00d Programming Practice 4.8

M For readability, nary operators should be placed next to their operands, with no intervening
spaces.

Line 17,
Console.WriteLine () ;

uses Console.WriteLine to output a blank line. If Console.WriteLine receives
no arguments, it simply outputs a newline character.

The arithmetic assignment operators and the increment and decrement operators can
be used to simplify program statements. For example, the three assignment statements in
Fig. 4.11 (lines 22, 25 and 27)
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passes = passes + 1;
failures = failures + 1;
student = student + 1;

can be written more concisely with assignment operators as

passes += 1;
failures += 1;
student += 1;

with preincrement operators as

++passes;
++failures;
++student;

or with postincrement operators as

passes++;
failures++;
student++;

It is important to note here that when incrementing or decrementing a variable in an
expression or statement by itself, the preincrement and postincrement forms have the same
effect, and the predecrement and postdecrement forms have the same effect. It is only when
a variable appears in the context of a larger expression that preincrementing and postincre-
menting the variable have different effects (and similarly for predecrementing and postdec-
rementing).

— jCommon Programming Error 4.10

Attempting to use the increment or decrement operator on an expression other than a vari-
able reference is a syntax error. A variable reference is a variable or expression that can ap-
pear on the left side of an assignment operation. For example, writing ++ (x + 1) is a syntax
error, because (x + 1) is not a variable reference.’

The chart in Fig. 4.15 shows the precedence and associativity of the operators intro-
duced to this point. The operators are shown top to bottom in decreasing order of prece-
dence. The second column describes the associativity of the operators at each level of
precedence. Notice that the conditional operator (? :), the unary operators increment (++),
decrement (- -), plus (+), minus (-), cast and the assignment operators (=, +=, -=, *=, /
= and %=) associate from right to left. All other operators in the operator precedence chart
of Fig. 4.15 associate from left to right. The third column names the groups of operators.

Operators Associativity Type
() left to right parentheses
++ - - right to left unary postfix

Fig. 4.15 Precedence and associativity of the operators discussed so far in this
book. (Part 1 of 2.)

2. The term variable reference is equivalent to the term lvalue (“left value”), which is popular among
C and C++ programmers.
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Operators Associativity Type

++ -- + - (type) right to left unary prefix
* /% left to right multiplicative
+ - left to right additive

< <= > >= left to right relational

== I= left to right equality

?: right to left conditional

= += -= *= [= %= right to left assignment

Fig. 4.15 Precedence and associativity of the operators discussed so far in this
book. (Part 2 of 2.)

4.13 Introduction to Windows Application Programming

Today, users demand software with rich GUIs that allow them to click buttons, select items
from menus and much more. In this chapter and the previous, we created console applica-
tions. However, most C# programs used in industry are Windows applications with GUIs.
For this reason, we are introducing Windows applications early in the book, although doing
so exposes some concepts that we do not explain fully until later chapters.

In Chapter 2, Introduction to the Visual Studio .NET IDE, we introduced the concept
of visual programming, which allows programmers to create graphical user interfaces
(GUIs) without writing any programming code. In this section, we combine visual pro-
gramming with the conventional programming techniques introduced in this chapter and
Chapter 3, Introduction to C# Programming. Through this combination, we can enhance
considerably the Windows application introduced in Chapter 2.

Load the project ASimpleProject from Chapter 2 into the IDE. To identify easily
the form and its controls in the program code, change the (Name) properties of the form,
label and picture box to ASimpleProgram, welcomeLabel and bugPictureBox,
respectively. To change a GUI component’s properties, select (click) the component in the
design window, then locate the property in the Properties window. Click the box to the right
of the property name to input a new value, then press the Enter key.

With visual programming, the IDE generates the program code that creates the GUI.
This code contains instructions for the creation of the form and every control on it. Unlike
a console application, a Windows application’s program code is not displayed initially in
the editor window. Once the program’s project (e.g., ASimpleProgram) is opened in the
IDE, the program code can be viewed by selecting View > Code. Figure 4.16 shows the
code editor displaying the program code.

Windows applications use classes. We already have seen examples of classes such as
Console and MessageBox, which are defined within the .NET Framework Class
Library. Classes are logical groupings of procedures and data that simplify program organi-
zation. In-depth coverage of classes is provided in Chapter 8, Object-Based Programming.

Every Windows application consists of at least one class that inherits from class Form
(which represents a form) in the .NET Framework Class Library’s System.Win-
dows . Forms namespace. The keyword class begins a class definition and is followed
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Fig. 4.16 IDE showing program code for Fig. 2.15.

immediately by the class name (ASimpleProgram). Recall that the form’s name is set
using the (Name) property. A colon (:) indicates that the class ASimpleProgram inherits
existing pieces from another class. The class from which ASimpleProgram inherits—
here, System.Windows . Forms . Form—appears to the right of the colon. In this inher-
itance relationship, Form s called the base class (or superclass), and ASimpleProgramis
called the derived class (or subclass). With inheritance ASimpleProgram’s class defini-
tion has the attributes (data) and behaviors (methods) of class Form. We discuss the signifi-
cance of the keyword public in Chapter 6. [Note: Changing a control’s name in the
Properties window may not change all occurrences of the control’s name in the code. The
reader should search the code and replace names that were not changed by the IDE. For
example, the original form name (and class name) was Forml. Search the code for Forml
and change any remaining instances to ASimpleProgram.]

A key benefit of inheriting from class Form is that someone else has previously
defined “what it means to be a form.” The Windows operating system expects every
window (e.g., form) to have certain attributes and behaviors. However, because class Form
already provides those capabilities, programmers do not need to “reinvent the wheel” by
defining all those capabilities themselves. In fact, class Form has over 400 methods! In our
programs up to this point, we have used only one method (i.e., Main), so you can imagine
how much work went into creating class Form. The use of the colon to extend from class
Form enables programmers to create forms quickly.

In the editor window (Fig. 4.16), notice the text Windows Form Designer gen-
erated code, which is colored gray and has a plus box next to it. The plus box indicates
that this section of code is collapsed. Although collapsed code is not visible, it is still part
of the program. Code collapsing allows programmers to hide code in the editor, so that they
can focus on smaller (and perhaps more important) code segments. Notice that the entire
class definition also can be collapsed by clicking the minus box to the left of public. In
Fig. 4.16, the description in gray indicates that the collapsed code was created by the Win-
dows Form Designer (i.e., the part of the IDE that creates the code for the GUI). This col-
lapsed code contains the code created by the IDE for the form and its controls, as well as
code that enables the program to run. Click the plus box to view the code.



126 Control Structures: Part 1 Chapter 4

L P T I R T T T Lo |

i nk i Smdkeamw -| ||1--' R

W) —I =

= LTI PR NS H

[TERN S L il oM bl bl ' H
MzLrgt lTzTzna. lollozsdzuz:
W de ew i Taee - Expanded
neerg CpEme L b nlars, Tarre code
ooy Eooozalun:

LT F 0P R TEIN N ] ELY B

1 RN i L
s Separrery dzazzdesden 2z Toerl.
I ENTE e

1 [ R TR Ik [ 'R bl Rl T PRI LN " Do " LI ol ol S B

B e T N TR TR S L [ e awlen I
RRE L L T L T Pl e T U - LH oLl BRI Eaeh R R S H
- oS admaan
S TTTTRERET] B AE LY. TR TR
R I O

seaa s M an nme o HOal oo ows e TN

5 sl SELaplefiu sl

3| : | e

et P ol B ¥
I I I

Fig. 4.17 Windows Form Designer generated code when expanded.

Upon initial inspection, the expanded code (Fig. 4.17) looks incredibly complex.This
code is created by the IDE and normally is not edited by the programmer. We feel it is
important for novice programmers to see the amount of code that is generated by the IDE,
even though much of the code is not explained until later in the book. This type of code is
present in every Windows application. Allowing the IDE to create this code saves the pro-
grammer considerable development time. If the IDE did not provide the code, the pro-
grammer would have to write it, and this would require a considerable amount of time. The
vast majority of the code shown has not been introduced yet, so you are not expected to
understand how it works. However, certain programming constructs, such as comments
and control structures, should be familiar. Our explanation of this code will enable us to
discuss visual programming in greater detail. As you continue to study C#, especially in
Chapters 8—13, the purpose of this code will become clearer.

When we created this application in Chapter 2, we used the Properties window to set
properties for the form, label and picture box. Once a property was set, the form or control
was updated immediately. Forms and controls contain a set of default properties, which are
displayed initially in the Properties window when a form or control is selected. These
default properties provide the initial characteristics of a form or control when it is created.
When a control, such as a label, is placed on the form, the IDE adds code to the class (e.g.,
ASimpleProgram) that creates the control and that sets some of the control’s property
values, such as the name of the control and its location on the form. Figure 4.18 shows a
portion of the code generated by the IDE for setting the label’s (i.e., welcomeLabel’s)
properties. These include the label’s Font, Location, Name, Text and TextAlign
properties. Recall from Chapter 2 that we explicitly set values for the label’s Name, Text
and TextAlign properties. Other properties, such as Location are set only when the
label is placed on the form.
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Fig. 4.18 Code generated by the IDE forwelcomeLabel.

The values assigned to the properties are based on the values in the Properties
window. We now demonstrate how the IDE updates the Windows Form Designer gener-
ated code it generates when a property value in the Properties window changes. During
this process, we must switch between code view and design view. To switch views, select
the corresponding tabs—Form1.cs* for code view and Form1.cs* [Design] for design
view. Alternatively, the programmer can select View > Code or View > Designer. Per-
form the following steps:

1. Modify the label control’s Text property using the Properties window. Recall
that properties can be changed in design view by clicking a form or control to se-
lect it, then modifying the appropriate property in the Properties window.
Change the Text property of the label to “Deitel” (Fig. 4.19).
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Fig. 4.19 Using the Properties window to set a property value.
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2. Examine the changes in the code view. Switch to code view and examine the code.
Notice that the label’s Text property is now assigned the text that we entered in
the Properties window (Fig. 4.20). When a property is changed in design mode,
the Windows Form Designer updates the appropriate line of code in the class to
reflect the new value.

3. Modifying a property value in code view. In the code view editor, locate the three
lines of comments indicating the initialization for welcomeLabel and change
the string assigned to this.welcomeLabel.Text from “Deitel” to
“Visual C# .NET” (Fig. 4.21). Now, switch to design mode. The label now dis-
plays the updated text, and the Properties window for welcomeLabel dis-
plays the new Text value (Fig. 4.22). [Note: Property values should not be set
using the techniques presented in this step. Here, we modify the property value in
the IDE generated code only as a demonstration of the relationship between pro-
gram code and the Windows Form Designer.]
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Fig. 4.20 Windows Form Designer generated code reflecting new property values.
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4.

Change the label’s Text property at runtime. In the previous steps, we set proper-
ties at design time. Often, however, it is necessary to modify a property while a pro-
gram is running. For example, to display the result of a calculation, a label’s text can
be assigned a string containing the result. In console applications, such code is
located in Main. In Windows applications, we must create a method that executes
when the form is loaded into memory during program execution. Like Main, this
method is invoked when the program is run. Double-clicking the form in design
view adds a method named ASimpleProgram Load to the class (Fig. 4.23).
The cursor is placed in the body of the ASimpleProgram Load method defini-
tion. Notice that ASimpleProgram Load is not part of the Windows Form De-
signer generated code. Add the statement welcomeLabel .Text = "C#"; in the
body of the method definition (Fig. 4.23). In C#, properties are accessed by placing
the property name (i.e., Text) after the object name (i.e., welcomeLabel), sepa-
rated by the dot operator. This syntax is similar to that used when accessing object
methods. Notice that the IntelliSense feature displays the Text property in the
member list after the class name and dot operator have been typed (Fig. 4.29). In
Chapter 8, Object-Based Programming, we discuss how programmers can create
their own properties.

ASimpleProgram Load method
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Examine the results of the ASimpleProgram Load method. Notice that the
text in the label looks the same in Design mode as it did in Fig. 4.22. Note also
that the property window still displays the value “Visual C# .NET” as the la-
bel’s Text property and that the IDE generated code has not changed either. Se-
lect Build > Build then Debug > Start to run the program. Once the form is
displayed, the text in the label reflects the property assignment in
ASimpleProgram Load (Fig. 4.24).

Terminate program execution. Click the close button to terminate program execu-
tion. Once again, notice that both the label and the label’s Text property contain
the text Visual C# .NET. The IDE generated code also contains the text Vi-
sual C# .NET, which is assigned to the label’s Text property.

In this chapter, we introduced program building blocks called control structures. We
also discussed aspects of Windows application programming. In Chapter 5, Control Struc-
tures: Part 2, we continue our discussion of control structures by presenting additional
selection and repetition structures. In addition, we also build upon the Windows application
concepts presented in this chapter by creating a richer Windows application.

SUMMARY

* Executing a series of actions in a specific order can solve many computing problems.

* A procedure for solving a problem in terms of the actions to execute and the order in which these
actions execute is an algorithm.

* Program control specifies the order in which statements execute in a computer program.

* Pseudocode is an artificial and informal language that helps programmers develop algorithms and

“think

out” a program during the program design process.

* C# code corresponds closely to pseudocode. This is a property of pseudocode that makes it a useful
program development tool.

* Normally, statements in a program execute one after the other in the order in which they appear.
This is called sequential execution.

Fig. 4.24

Changing a property value at runtime.
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* Various C# statements enable the programmer to specify that the next statement to execute may
be other than the next one in sequence. This is called transfer of control.

* Many programming complications in the 1960’s were a result of misusing the goto statement,
which allows the programmer to specify a transfer of control to one of a wide range of possible
destinations in a program. The notion of structured programming became almost synonymous with
“goto elimination.”

* Bohm and Jacopini’s work demonstrated that all programs could be written in terms of only three
control structures—namely, sequence, selection and repetition.

» The sequence structure is built into C#. Unless directed otherwise, the computer executes C# state-
ments one after the other in the order in which they appear.

* A flowchart is a graphical representation of an algorithm or of a portion of an algorithm. Flow-
charts are drawn using symbols, such as rectangles, diamonds, ovals and small circles; these sym-
bols are connected by arrows called flowlines, which indicate the order in which the algorithm’s
actions execute.

¢ The i£ selection structure performs (selects) an action if a condition is true or skips the action if
the condition is false.

* The if/else selection structure performs an action if a condition is true and performs a differ-
ent action if the condition is false.

* A single-selection structure is one that selects or ignores a single action.
* A double-selection structure is one that selects between two actions.
* A multiple-selection structure is one that selects among many actions.

* Keywords are reserved by the language to implement various features, such as C#’s control struc-
tures. Keywords cannot be used as identifiers.

» Each program is formed by combining as many of each type of C#’s eight control structures as is
appropriate for the algorithm the program implements.

* Single-entry/single-exit control structures make it easy to build programs. The control structures
are attached to one another by connecting the exit point of one control structure to the entry point
of the next. This is called control-structure stacking.

* Algorithms in C# programs are constructed from only eight different types of control structures
combined in only two ways.

* The decision symbol has two flowlines emerging from it. One indicates the direction to be taken
when the expression in the symbol is true; the other indicates the direction to be taken when the
expression is false.

* Control structure flowcharts contain (besides small circle symbols and flowlines) only rectangle
symbols to indicate the actions to be performed and diamond symbols to indicate decisions to be
made. This is the action/decision model of programming.

* The ternary conditional operator (? : ) is closely related to the i f/else structure. The operands
and the ? : form a conditional expression. The first operand is a condition that evaluates to abool
value, the second is the value for the conditional expression if the condition evaluates to true and
the third is the value for the conditional expression if the condition evaluates to false.

* Nested if/else structures test for multiple cases by placing if/else structures inside other i £/
else structures.

* A set of statements in a pair of braces is called a block. A block can be placed anywhere in a pro-
gram that a single statement can be placed.

¢ A syntax error is caught by the compiler at compile time, while a logic error has its effect during
execution.
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A fatal logic error causes a program to fail and terminate prematurely. A nonfatal logic error al-
lows a program to continue executing, but the program produces incorrect results.

* A repetition structure repeats an action (or set of actions) while some condition remains true.

* Eventually, the condition in a while structure will become false. At this point, the repetition ter-
minates, and the first statement after the repetition structure executes.

* Itisalogic error to fail to provide in the body of a while structure an action that eventually causes
the condition to become false. Normally, such a repetition structure will never terminate, which is
an error called an “infinite loop.”

¢ We use counter-controlled repetition to input data values one at a time, a specified number of
times. This technique uses a variable called a counter to control the number of times a set of state-
ments will execute.

» Counter-controlled repetition often is called definite repetition because the number of repetitions
is known before the loop begins executing.

* Sentinel-controlled repetition is often called indefinite repetition because the number of repeti-
tions is not known before the loop begins executing.

¢ The sentinel value (also called the signal value, dummy value or flag value) determines when to
terminate a repetition structure.

¢ We approach programming problems with top-down, stepwise refinement—a technique that is es-
sential to the development of well-structured algorithms.

¢ The top is a single statement that conveys the overall function of the program. As such, the top is
a complete representation of a program.

* We divide the top into a series of smaller tasks and list these in the order in which they must be
performed. Each refinement, including the top itself, is a complete specification of the algorithm;
only the level of detail in each refinement varies.

* Many algorithms can be divided logically into three phases—an initialization phase that initializes
the program variables, a processing phase that inputs data values and adjusts program variables
accordingly and a termination phase that calculates and prints the results.

* The programmer terminates the top-down, stepwise refinement process when the pseudocode algo-
rithm is specified in sufficient detail for the programmer to convert the pseudocode to a C# program.

* Omitting the curly braces that delineate a block in the body of a repetition structure can lead to
logic errors, such as infinite loops.

» Dividing two integers results in integer division, in which any fractional part of the calculation is
truncated.

* To ensure that the operands in an expression are of the same type, C# performs implicit conversion
on selected operands and promotes them to the same type.

* C# provides the unary increment operator, ++, and the unary decrement operator, - -. These op-
erators add 1 to or subtract 1 from their operand, respectively.

» If an increment or decrement operator is placed before a variable, it is referred to as the preincre-
ment or predecrement operator, respectively.

 If an increment or decrement operator is placed after a variable, it is referred to as the postincre-
ment or postdecrement operator, respectively.

* Akey benefit of extending classes using inheritance is that all the general capabilities are provided
by the original class—programmers do not need to define these capabilities on their own.

* Method InitializeComponent contains the code to configure component properties in a GUL.

* The value in parentheses after the type in a new operation initializes the new object.
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* Visual Studio .NET generates code that builds the GUI for an application.

* The primitive types are the building blocks for more complicated types.

TERMINOLOGY

- -, unary decrement operator

%=, modulus assignment operator
(type) , cast operator
*=_multiplication assignment operator
++, Unary increment operator

+=, addition assignment operator
/=, division assignment operator

7, empty statement

=, assignment operator

- =, subtraction assignment operator
? :, ternary conditional operator

{, open brace

}, close brace

abbreviating an assignment expression
action symbol

action/decision model of programming
algorithm

application class definition
assignment operator (=)

associate left to right

associate right to left

associativity of operators

binary arithmetic operator

block

body of the while

bool primitive data type

boolean expression

braces that delimit a block

building block

case-sensitive language

cast operator

collapsed code

complete representation of a program
conditional expression

conditional operator (? :

connector symbol

control structure

control-structure nesting
control-structure stacking

counter

counter-controlled repetition
dangling-else problem

decision symbol

declaration

definite repetition

design phase

diamond symbol

Dispose method

division by zero

do/while repetition structure
double primitive data type
double-selection structure
else statement

empty statement (;)

end of data entry
#endregion directive
entry point of control structure
examination-results problem
exit point of control structure
expanded code

explicit conversion

false

fatal logic error

first refinement

flag value

floating-point data type
floating-point division
floating-point number

flow of control

flowchart

flowline

for repetition structure
fractional result

goto elimination
“goto-less programming”
graphical representation of an algorithm
if selection structure
if/else selection structure
implicit conversion
indefinite repetition
indentation

indentation convention
infinite loop

inheriting from
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System.Windows.Forms.Formclass

initialization phase

initialize
InitializeComponent method
IntelliSense

input/output operation

integer division

integral data type
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keyword

level of refinement

logic error

loop

main form
multiple-selection structure
multiplicative operators: *, / and %
nonfatal logic error

oval symbol
postdecrement operator
postdecrementing
postincrement operator
postincrementing
precedence of operators
predecrement operator
predecrementing
preincrement operator
preincrementing
preprocessor directives
primitive (or built-in) data type
procedure for solving a problem
processing phase

program control

program development tool
promotion

pseudocode

pseudocode algorithm

real number

rectangle symbol
refinement process
#region directive

SELF-REVIEW EXERCISES

Chapter 4

repetition structure

second refinement

selection structure
sentinel-controlled repetition
sentinel value

sequence structure

sequential execution

signal value
single-entry/single-exit control structure
single-selection structure
small circle symbol

string primitive data type
strongly typed language
structured programming
switch selection structure
syntax error
System.Windows.Forms.Formclass
temporary value

termination phase

ternary operator (? :)
top-down, stepwise refinement
transfer of control

true

truncate

unary operator

Unicode

variable reference

vertical spacing

while repetition structure
white-space characters

4.1 Fill in the blanks in each of the following statements:
a) All programs can be written in terms of three types of control structures: ,

and

b)
c)
d)
€)
f)

g

h)

The selection structure executes one action when a condition is true and an-
other action when a condition is false.
Repetition of a set of instructions a specific number of times is called repe-
tition.
When it is not known in advance how many times a set of statements will be repeated, a
value can be used to terminate the repetition.
Specifying the order in which statements are to be executed in a computer program is
called .
is an artificial and informal language that helps programmers develop algo-
rithms.
are reserved by C# to implement various features, such as the language’s
control structures.
A(n) statement specifying that no action is to be taken is indicated by placing
a semicolon where a statement normally would be.
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i) The increment operator (++) and decrement operator (- -) increment and decrement a
variable’s value by .
j)  Explicit conversion makes use of the operator.

4.2 State whether each of the following is true or false. If false, explain why.
a) Itis difficult to convert pseudocode into a working C# program.
b) Sequential execution refers to statements in a program that execute one after another.
c) Itis recommended for C# programmers to use goto statements.
d) The if structure is called a single-selection structure.
e) Structured programs are clear, easy to debug and modify and more likely than unstruc-
tured programs to be bug-free in the first place.
f) The sequence structure is not built into C#.
g) Pseudocode usually resembles actual C# code.
h) Placing a semicolon after the condition in an i £ structure is a syntax error.
i) The while structure body may be a single or a block.

4.3 Write four different C# statements that each add 1 to integer variable x and store the result
in x.

4.4 Write C# statements to accomplish each of the following:

a) Assign the sum of x and y to z then increment x by 1 after the calculation. Use only one
statement.

b) Test if the value of the variable count is greater than 10. If it is, print "Count is
greater than 10".

c) Decrement the variable x by 1, then subtract it from the variable total. Use only one
statement.

d) Calculate the remainder after q is divided by divisor and assign the result to gq. Write
this statement two different ways.

4.5 Write a C# statement to accomplish each of the following tasks:
a) Declare variables sum and x to be of type int.
b) Assign 1 to variable x.
c) Assign 0 to variable sum.
d) Add variable x to variable sum and assign the result to variable sum.
e) Print "The sum is : " followed by the value of variable sum.

4.6 Combine the statements that you wrote in Exercise 4.5 into a C# application that calculates
and prints the sum of the integers from 1 to 10. Use the while structure to loop through the calcula-
tion and increment statements. The loop should terminate when the value of x becomes 11.

4.7 Determine the values of each variable after the calculation is performed. Assume that when
each statement begins executing, all variables have the integer value 5.

a) product *= X++;

b) quotient /= ++x;

4.8 Identify and correct the errors in each of the following:

a) while ( ¢ <= )
{
product *= c;
++C;
b) if ( gender == )
Console.WriteLine ( )i
else;

Console.WriteLine ( ) ;
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4.9 What is wrong with the following while repetition structure?

while ( z >= )
sum += z;

ANSWERS TO SELF-REVIEW EXERCISES

4.1 a) sequence, selection, repetition. b) if/else. c) counter-controlled or definite. d)
sentinel, signal, flag or dummy. e) program control. f) Pseudocode. g) Keywords. h)empty. i)
one. j) cast.

4.2 a) False. Pseudocode should convert easily into C# code. b) True. c) False. Some pro-
grammers argue that goto statements violate structured programming and cause considerable
problems. d) True. e) True. f) False. The sequence structure is built into C#; lines of code exe-
cute in the order in which they are written, unless explicitly directed to do otherwise. g) True. h) False.
Placing a semicolon after the condition in an i structure is usually a logic error. i) True.

4.3 X =X + 1;
X += H
++X;

X++;

4.4 a) z2 = X++ + Y;

b) if ( count > )
Console.WriteLine ( ) ;
¢) total -= --x;

d) g %= divisor;
q = qg % divisor;

4.5 a) int sum, x;
b) x = 1;
¢) sum = 0;
d) sum += x; orsum = sum + X;
e¢) Console.WriteLine ( + sum ); or
Console.WriteLine ( , sum );
4.6
1
2
3 using System;
4
5 «class Calculate
6 {
7 static void Main( string[] args )
8 {
9 int sum, x;
10
11 x = 1;
12 sum = 0;
13
14 while ( x <= )
15 {
16 Sum += X++;
17 }
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19 Console.WriteLine ( + sum );

4.7 a) product = 25, x = 6;
b) quotient = 0, x = 6;

4.8 a) Error: Missing the closing right brace of the while body.
Correction: Add closing right brace after the statement ++c ;.
b) Error: Semicolon after else results in a logic error. The second output statement will
always be executed.
Correction: Remove the semicolon after else.

4.9 The value of the variable z is never changed in the while structure. Therefore, if the loop-
continuation condition ( z >= 0 ) is true, an infinite loop is created. To prevent the infinite loop, z
must be decremented so that it eventually becomes less than 0.

EXERCISES

4.10 Drivers are concerned with the mileage obtained by their automobiles. One driver has kept
track of several tankfuls of gasoline by recording miles driven and gallons used for each tankful. De-
velop a C# program that will input the miles driven and gallons used (both as doubles) for each tank-
ful. The program should calculate and display the miles per gallon obtained for each tankful and print
the combined miles per gallon obtained for all tankfuls up to this point. All average calculations
should produce floating-point results.

4.11  Develop a C# application that will determine if a department store customer has exceeded the
credit limit on a charge account. For each customer, the following facts are available:

a) Account number

b) Balance at the beginning of the month

c) Total of all items charged by this customer this month

d) Total of all credits applied to this customer's account this month

e) Allowed credit limit

The program should input as integers each of these facts, calculate the new balance (= begin-
ning balance + charges — credits), display the new balance and determine if the new balance exceeds
the customer's credit limit. For those customers whose credit limit is exceeded, the program should
display the message, “Credit limit exceeded.”

4.12  Write a C# application that uses looping to print the following table of values:

N 10*N 100*N 1000*N
1 10 100 1000
2 20 200 2000
5 30 300 3000
4 40 400 4000
5 50 500 5000

4.13  (Dangling-Else Problem) Determine the output for each of the following, when x is 9 and y
is 11 and when x is 11 and y is 9. Note that the compiler ignores the indentation in a C# program.
Also, the C# compiler always associates an else with the previous i £ unless told to do otherwise
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by the placement of braces ({}). On first glance, the programmer may not be sure which if and
else match; this is referred to as the “dangling-else” problem. We have eliminated the indentation
from the following code to make the problem more challenging. (Hint: Apply indentation conven-
tions that you have learned.)

a) if ( x < )
if (y > )
Console.WriteLine ( )
else
Console.WriteLine ( )
Console.WriteLine ( )

b) if ( x < 10 ) {
if (y > 10 )

Console.WriteLine ( )
else {

Console.WriteLine ( )
Console.WriteLine ( )

4.14 A palindrome is a number or a text phrase that reads the same backwards as forwards. For
example, each of the following five-digit integers are palindromes: 12321, 55555, 45554 and 11611.
Write an application that reads in a five-digit integer and determines whether it is a palindrome. If the
number is not five digits, display an error message dialog indicating the problem to the user. When
the user dismisses the error dialog, allow the user to enter a new value.

4.15 A company wants to transmit data over the telephone, but they are concerned that their
phones may be tapped. All their data are transmitted as four-digit integers. They have asked you to
write a program that will encrypt their data so that it may be transmitted more securely. Your appli-
cation should read a four-digit integer entered by the user in an input dialog and encrypt it as follows:
Replace each digit by (the sum of that digit plus 7) modulus 10. Then swap the first digit with the
third, and swap the second digit with the fourth. Print the encrypted integer. Write a separate appli-
cation that inputs an encrypted four-digit integer and decrypts it to form the original number.

4.16  The factorial of a nonnegative integer n is written n! (pronounced “n factorial”’) and is defined
as follows:
nl=n-(m-1)-(m-2)-..-1 (for values of n greater than or equal to 1)
and
nl=1 (forn=0).
For example, 5! =5-4-3-2- 1, which is 120.
a) Write an application that reads a nonnegative integer from an input dialog and computes
and prints its factorial.
b) Write an application that estimates the value of the mathematical constant e by using the
formula

| —

Ll 1
e = +ﬂ+ +§+...

[\

!

¢) Write an application that computes the value of ¢* by using the formula

[

2
IS S
12!

w

!



Control Structures:
Part 2

Objectives

* To be able to use the for and do/while repetition
structures to execute statements in a program
repeatedly.

* To understand multiple selection that uses the
switch selection structure.

* To be able to use the break and continue
program-control statements.

* To be able to use the logical operators.

Who can control his fate?

William Shakespeare, Othello

The used key is always bright.

Benjamin Franklin

Man is a tool-making animal.

Benjamin Franklin

Intelligence ... is the faculty of making artificial objects,

especially tools to make tools.

Henri Bergson
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5.1 Introduction

5.2 Essentials of Counter-Controlled Repetition
5.3 for Repetition Structure

5.4 Examples Using the for Structure

5.5 switch Multiple-Selection Structure

5.6 do/while Repetition Structure

5.7 Statements break and continue

5.8 Logical and Conditional Operators

5.9 Structured-Programming Summary

Summary * Terminology * Self-Review Exercises ® Answers to Self-Review Exercises * Exercises

5.1 Introduction

Chapter 4 began our introduction to the types of building blocks that are available for prob-
lem solving and used those building blocks to implement proven program-construction
principles. In this chapter, we continue our presentation of the theory and principles of
structured programming by introducing C#’s remaining control structures. As in Chapter
4, the C# techniques you learn here are applicable to most high-level languages. When we
begin our formal treatment of object-based programming in C# in Chapter 8, we will see
that the control structures we study in this chapter and in Chapter 4 are helpful in building
and manipulating objects.

5.2 Essentials of Counter-Controlled Repetition

In the last chapter, we introduced the concept of counter-controlled repetition. In this sec-
tion, we formalize the elements needed in counter-controlled repetition, namely:

1. The name of a control variable (or loop counter), used to determine whether the
loop continues.

2. The initial value of the control variable.

3. The increment (or decrement) by which the control variable is modified each time
through the loop (also known as each iteration of the loop).

4. The condition that tests for the final value of the control variable (i.e., whether
looping should continue).

To see the four elements of counter-controlled repetition, consider the simple program
in Fig. 5.1, which displays the digits 1-5.
The declaration (line 10)

int counter = 1;

names the control variable (counter), declares it to be an integer, reserves space for it in
memory and sets it to an initial value of 1. This statement is a declaration that includes an
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1

2

3

4 using System;

5

6 class WhileCounter

7 A

8 static void Main( stringl[] args )
9 {

10 int counter = 1;

11

12 while ( counter <= )
13 {

14 Console.WriteLine( counter );
15 counter++;

16

17 }

18

19 }

20

21 }

1

2

3

4

5

Fig. 5.1 Counter-controlled repetition with while structure.

initialization. The declaration and initialization of counter could also have been accom-
plished with the declaration and statement

int counter;
counter = 1;

The declaration is not executable, but the assignment statement is. We use both approaches
to initialization throughout this book.

Lines 12-17 define the while structure. During each iteration of the loop, line 14 dis-
plays the current value of counter, and line 15 increments the control variable by 1 upon
each iteration of the loop. The loop-continuation condition in the while structure tests
whether the value of the control variable is less than or equal to 5 (the final value for which
the condition is true). The body of this while is performed even when the control variable
is 5. The loop terminates when the control variable exceeds 5 (i.e., counter becomes 6).

The program in Fig. 5.1 can be made more concise by initializing counter to 0 and
replacing the while structure with

while ( ++counter <= )
Console.WriteLine( counter );

This code saves a statement and eliminates the need for braces around the loop’s bod,y be-
cause the incrementing occurs directly in the while condition before the condition is test-
ed (remember that the precedence of ++ is higher than <=).
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Good Programming Practice 5.1

Control counting loops with integer values.

Place a blank line before and after each major control structure to make it stand out in the
program.

— EC->ood Programming Practice 5.2

Good Programming Practice 5.3

Vertical spacing above and below control structures, and indentation of the bodies of control
structures within the control structure headers, gives programs a two-dimensional appear-
ance that enhances readability.

5.3 for Repetition Structure

The for repetition structure handles the details of counter-controlled repetition. To illus-
trate the power of for, let us rewrite the program in Fig. 5.1. The result is displayed in
Fig. 5.2.

The Main method (lines 8—14) operates as follows: When the for structure (line 12)
begins executing, the program initializes the control variable counter to 1 (the first two
elements of counter-controlled repetition—control variable name and initial value). Next,
the program tests the loop-continuation condition, counter <= 5. The initial value of
counter is 1, thus the condition is true, so line 13 outputs the counter’s value. Then,
the program increments variable counter in the expression counter++, and the loop
begins again with the loop-continuation test. The control variable is now equal to 2. This
value does not exceed the final value, so the program performs the body statement again
(i.e., performs the next iteration of the loop). This process continues until the control vari-
able counter becomes 6, causing the loop-continuation test to fail and repetition to ter-
minate. The program continues by performing the first statement after the for structure.
(In this case, method Main terminates because the program reaches the end of Main’s
body.)

1

2

8

4  using System;

5

6 class ForCounter

7 {

8 static void Main( string[] args )
9 {

10

11

12 for ( int counter = 1; counter <= 5; counter++ )
13 Console.WriteLine( counter );
14 }

5 }

Fig. 5.2 Counter-controlled repetition with the for structure. (Part 1 of 2.)
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udks wnN R

Fig. 5.2 Counter-controlled repetition with the £or structure. (Part 2 of 2.)

Figure 5.3 takes a closer look at the for structure in Fig. 5.2. The first line of the for
structure (including the keyword for and everything in parentheses after for) sometimes
is called the for structure header. Notice that the for structure specifies each of the items
needed for counter-controlled repetition with a control variable. If there is more than one
statement in the body of the for, braces ({ and }) are required to define the loop’s body.

Figure 5.2 uses the loop-continuation condition counter <= 5. If the programmer
incorrectly writes counter < 5, the loop executes only four times. This common logic
error is called an off-by-one error.

— jCommon Programming Error 5.1

Using an incorrect relational operator or using an incorrect final value for a loop counter
in the condition of a while, for or do/while structure (introduced in Section 5.6) can
cause an off-by-one error.

Floating-point values may be approximate, so controlling counting loops with floating-point
variables can result in imprecise counter values and inaccurate tests for termination.

— jCommon Programming Error 5.2

@ Using the final value in the condition of a while or for structure and using the <= rela-

tional operator will help avoid off-by-one errors. For a loop used to print the values from 1
to 10, for example, the loop-continuation condition should be counter <= 10, rather than
counter < 10 (which is an off-by-one error) or counter < 11 (which also works). This
approach is commonly known as one-based counting. When we study arrays in Chapter 7,
Arrays, we will see when programmers prefer zero-based counting, in which to count 10
times through a loop, counter is initialized to zero and the loop-continuation test is
counter < 10.

Final value of

for keyword Control variable name control variable
for ( int counter = 1; counter <= 5; counter++ )
Initial value of Loop-continuation Increment of
control variable condition control variable

Fig. 5.3 Components of a typical for header.



144 Control Structures: Part 2 Chapter 5

The general format of the £or structure is

for ( expressionl; expression2; expression3 )
statement

where expression] names the loop’s control variable and provides its initial value,
expression2 is the loop-continuation condition (containing the control variable’s final val-
ue) and expression3 increments or decrements the control variable. In most cases, the for
structure can be represented with an equivalent while structure, with expressionl,
expression2 and expression3 placed as follows:

expressionl ;

while ( expression2 )

{

statement
expression3;

In Section 5.7, we discuss an exception to this rule.

In C#, programmers may declare the control variable in expressionl of the for struc-
ture header (i.e., the control variable’s type is specified before the variable name), rather
than earlier in the code. When this occurs, the control variable can be used only in the body
of the £or structure (i.e., the name of the control variable will be unknown outside the for
structure). Such a restriction on the use of a control variable name defines the variable’s
scope. The scope of a variable defines where it can be used in a program. Scope is discussed
in detail in Chapter 6, Methods.

— jCommon Programming Error 5.3

When a for structure declares its control variable in the initialization section of the for
structure header, using the control variable after the for structure’s body is a compiler
error.

Sometimes, expressionl and expression3 in a for structure are comma-separated lists
of expressions that enable the programmer to use multiple initialization expressions and/or
multiple increment or decrement expressions. For example, there may be several control
variables in a single for structure that must be initialized and incremented or decremented.

— [|Good Programming Practice 5.4

Place only expressions involving control variables in the initialization and increment or
decrement sections of a for structure. Manipulations of other variables should appear ei-
ther before the loop (if they execute only once, like initialization statements) or in the loop
body (if they execute once per iteration of the loop, like incrementing or decrementing
statements).

The three expressions in the for structure are optional. If expression2 is omitted, C#
assumes that the loop-continuation condition is always true, thus creating an infinite loop.
A programmer might omit expressionl if the program initializes the control variable before
the loop. Expression3 might be omitted if statements in the body of the for calculate the
increment or decrement, or if no increment or decrement is necessary. The increment (or
decrement) expression in the for structure acts as if it were a standalone statement at the
end of the for body. Therefore, the expressions
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counter = counter +
counter +=
++counter
counter++

are equivalent when used in expression3. Some programmers prefer the form
counter++, because the control variable increment occurs after the loop body executes.
For this reason, the postincrementing (or postdecrementing) form in which the variable is
incremented after it is used seems more natural. Because the variable being either incre-
mented or decremented does not appear in a larger expression, preincrementing and postin-
crementing the variable have the same effect. The two semicolons in the £or structure are
required.

Using commas in a for structure header instead of the two required semicolons is a syntax

— jCommon Programming Error 5.4

error.

Placing a semicolon immediately to the right of a for structure header’s right parenthesis
makes the body of that for structure an empty statement. This is normally a logic error.

— jCOmmon Programming Error 5.5

The initialization, loop-continuation condition and increment or decrement portions of
a for structure can contain arithmetic expressions. For example, assume that x = 2 and y
= 10. If x and y are not modified in the loop body, the statement

for ( int j = x; j <= *x *y; jJe=y /[ x)
is equivalent to the statement
for ( int j = 2; j <= 7 += )

The “increment” of a for structure may be negative, in which case it is really a dec-
rement and the loop actually counts downward.

If the loop-continuation condition in the for structure is initially false, the body of the
for structure does not execute. Instead, execution proceeds with the statement that follows
the for structure.

The control variable frequently is printed or used in calculations in the body of a for
structure, but it does not have to be. Often the control variable simply controls repetition
and is not mentioned in the body of the for structure.

@Avoid changing the value of the control variable in the body of a for loo, to avoid subtle

errors.

The for structure flowchart is similar to that of the while structure. For example,
the flowchart of the for structure in Fig. 5.2 appears in Fig. 5.4. This flowchart clarifies
that the initialization occurs only once, and that incrementing occurs each time affer the
body statement is performed. Note that (besides small circles and flowlines) the flowchart
contains only rectangle symbols and a diamond symbol. The rectangles and diamonds are
filled with actions and decisions appropriate to the algorithm.
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@)
Establish initial
value of control . \ . ]
variable. int counter =
Determine if final Y
value of control true

) Console.WriteLine
variable has counter <= 5 - —% counter++
( counter * 10 );

been reached.

false Body of loop (this Increment
may be multiple the control
‘O statements) variable.

Fig. 5.4

Flowcharting a typical £or repetition structure.

5.4 Examples Using the for Structure

The following examples demonstrate methods of varying the control variable in a for
structure. In each case, we write the appropriate £or header. Note the change in the rela-
tional operator for loops that decrement the control variable.

a)

b)

c)

d)

€)

Vary the control variable from 1 to 100 in increments of 1.
for (int i = 1; i <= ;o oil++ )
Vary the control variable from 100 to 1 in increments of -1 (decrements of 1).
for ( int i = i 1o>=1; i--)
Vary the control variable from 7 to 77 in steps of 7.
for ( int i = 7; 1 <= ;1 o+= )
Vary the control variable from 20 to 2 in steps of - 2.
for ( int i = ;l>=2; 1 -= )

Vary the control variable over the sequence of the following values: 2, 5, 8, 11,
14,17, 20.

for ( int j = 2; j <= 7 += )

Vary the control variable over the sequence of the following values: 99, 88, 77,
66,55,44,33,22,11, 0.

for ( int j = ;7 J o >=0; § -= )

—a=— Common Programming Error 5.6

B

Not using the proper relational operator in the loop-continuation condition of a loop that
counts downward (e.g., using i <= 1 in a loop counting down to 1) is usually a logic error
that will yield incorrect results when the program runs.



Chapter 5 Control Structures: Part 2 147

The next two sample programs demonstrate simple applications of the for repetition
structure. The program in Fig. 5.5 uses the for structure to sum all the even integers from
2 to 100, then displays the result in a MessageBox. Remember that to use Mes-
sageBox, you must add a reference to System.Windows.Forms.dll to your
project, as explained in Chapter 3 (Section 3.2).

Figure 5.5 uses a version of method MessageBox.Show (lines 16-19) that takes
four arguments. The dialog in the output of Fig. 5.5 illustrates the four arguments. As with
the version that takes one argument, the first argument is the message to display. The
second argument is the string to display in the dialog’s title bar. The third argument is a
value indicating which button(s) to display. The fourth argument indicates which icon to
display to the left of the message. The MSDN documentation provided with Visual Studio
.NET includes the complete listing of MessageBoxButtons and MessageBoxIcon
choices. Figure 5.6 describes the message-dialog icons and Fig. 5.7 describes the message-
dialog buttons.

1

2

3

4 using System;

5 using System.Windows.Forms;

6

7 class Sum

8 {

9 static void Main( string[] args )

10 {

11 int sum = 0;

12

13 for ( int number = 2; number <= ; number += )
14 sum += number;

15

16 MessageBox. Show ( + sum,
17 ’
18 MessageBoxButtons.OX,

19 MessageBoxIcon. );

20

21 }

22

23 }

S bvew bl egers fmenF Lo 100

Argument 2: Title bar

Argument 4:
- string (Optional)

MessageBox4-r1_;] (TR R T
Icon (Optional) e
Argument 1:

Arugument 3: OK /FL' Message to display

dialog button.
(Optional)

Fig. 5.5 Summation using for.
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MessageBox Icons Icon Description

MessageBoxIcon. Specifies an exclamation point icon.
Typically used to caution the user

against potential problems.

MessageBoxIcon. Specifies that the dialog contains an

informational message for the user.

4

MessageBoxIcon. Specifies a question mark icon. Typi-
cally used in dialogs that ask the user

a question.

T
A

MessageBoxIcon. Specifies a dialog with an x in a red
circle. Alerts user of errors or impor-

tant messages.

e

Fig. 5.6 Icons for message dialogs.

MessageBox Buttons Description

MessageBoxButton. Specifies that the dialog should include an
OK button.

MessageBoxButton. Specifies that the dialog should include OK
and Cancel buttons. Warns the user about
some condition and allows the user to either
continue or cancel an operation.

MessageBoxButton. Specifies that the dialog should contain Yes
and No buttons. Used to ask the user a ques-
tion.

MessageBoxButton. Specifies that the dialog should contain Yes,
No and Cancel buttons. Typically used to
ask the user a question but still allows the user
to cancel the operation.

MessageBoxButton. Specifies that the dialog should contain Retry
and Cancel buttons. Typically used to inform
a user about a failed operation and allow the
user to retry or cancel the operation.

MessageBoxButton. Specifies that the dialog should contain
Abort, Retry and Ignore buttons. Typically
used to inform the user that one of a series of
operations has failed and allow the user to
abort the series of operations, retry the failed
operation or ignore the failed operation and
continue.

Fig. 5.7 Buttons for message dialogs.
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The body of the for structure in Fig. 5.5 actually could be merged into the rightmost
portion of the for header by using a comma as follows:

for ( int number = 2; number <= ;
sum += number, number += 2)

Similarly, the initialization sum = 0 could be merged into the initialization section of
the for structure. Statements that precede a £or and statements in the body of a for often

can be merged into the £or header. However, such merging could decrease the readability
of the program.

——iin Good Programming Practice 5.5
\ﬂ Limit the size of control structure headers to a single line if possible.

The next example uses a for structure to compute compound interest. Consider the
following problem statement:

A person invests $1000.00 in a savings account yielding 5% interest. Assuming that all
interest is left on deposit, calculate and print the amount of money in the account at the end
of each year for 10 years. To determine these amounts, use the following formula:

a=p(l+r)"
where

p is the original amount invested (i.e., the principal)
r is the annual interest rate

n is the number of years

a is the amount on deposit at the end of the nth year.

This problem involves a loop that performs the indicated calculation for each of the 10
years that the money remains on deposit. A solution is the program shown in Fig. 5.8.

Line 11 in method Main declares two decimal variables—amount and prin-
cipal—and initializes principal to 1000.00. The type decimal is a primitive data
type used for monetary calculations. C# treats such constants as the 1000.00 in Fig. 5.8
as type double. Similarly, C# treats whole number constants, like 7 and -22, as having
type int. Values of type double cannot be converted implicitly to type decimal, so we
use a cast operator to convert the double value 1000.00 to type decimal. It also is pos-
sible to specify that a constant is of type decimal by appending the letter m to the con-
stant, as in 1000.0m. Line 12 declares doub1le variable rate, which we initialize to . 05.

using System;
using System.Windows.Forms;

class Interest

{

O~NO O WN P

Fig. 5.8 Calculating compound interest with for. (Part 1 of 2.)
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9 static void Main( string[] args )
10 {
11 decimal amount, principal = ( decimal ) ;
12 double rate = 7
13 string output;
14
15 output = ;
16
17 for ( int year = 1; year <= ; year++ )
18 {
19 amount = principal *
20 ( decimal ) Math.Pow( + rate, year );
21
22 output += year + +
23 String.Format ( , amount ) + ;
24 }
25
26 MessageBox.Show( output, ,
27 MessageBoxButtons.0X, MessageBoxIcon. );
28
29 }
30
31}
=

™1
{h-".
= e -\.-a-|:—-a:

-

Fig. 5.8 Calculating compound interest with for. (Part 2 of 2.)

The for structure executes its body 10 times, varying control variable year from 1
to 10 in increments of 1. Note that year represents n in the problem statement. C# does
not have an exponentiation operator, so we use static method Pow in class Math for
this purpose. Math.Pow( x, y ) calculates the value of x raised to the yth power.
Method Math . Pow takes two arguments of type double and returns a double value.
Lines 19-20 perform the calculation from the problem statement

a=p(l+r"

where a is amount, p is principal, ris rate and n is year.
Lines 22-23 append additional text to the end of the string output. The text includes
the current year value, a tab character to position to the second column, the result of the
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method call String.Format ( "{0:C}", amount ) and a newline character to posi-
tion to the next line. The call to method String.Format converts amount to a
string and formats this string so that it will display with two decimal places. [Note:
Method Format uses the string formatting codes to represent numeric and monetary
values in a form that is appropriate to the execution environment. For example, in the US,
monetary values are formatted with two digits to the right of the decimal point and the thou-
sands separator is a comma.] The first argument is the format string. We have already seen
such strings in the form {0}, {1} and so on. In those cases, the digit indicated the argu-
ment being displayed. In more complicated format strings, such as the one shown in this
example ("{0:C} "), the first digit (0) still represents the argument to display. The infor-
mation specified after the colon (:) specifies the formatting of the argument, and usually is
called the formatting code. In this case, we are using formatting code C, which indicates
that our string should be displayed as a monetary amount with two digits after the decimal
point. There are several other formatting codes, which can be found in the MSDN docu-
mentation. Figure 5.9 shows several formatting codes.

The variables amount and principal were declared to be of type decimal
because the program deals with fractional parts of dollars. In such cases, programs need a
type that allows decimal points in its values. Variable rate is of type double because it
is used in the calculation 1.0 + rate, which appears as a double argument to the Pow
method of class Math. Note that the calculation 1.0 + rate appears in the body of the
for statement. The calculation produces the same result each time through the loop, so
repeating the calculation is unnecessary.

i Avoid placing expressions with values that do not change inside a loop. Such expressions
should be evaluated once before the loop. Most good compilers will fix this automatically
with a process that compilers perform called optimization.

Format Code  Description

Corc Formats the string as currency. Precedes the number with an appropriate cur-
rency symbol ($ in the US). Separates digits with an appropriate separator char-
acter (comma in the US) and sets the number of decimal places to two by

default.

Dord Formats the string as a decimal. Displays number as an integer.

Norn Formats the string with commas and two decimal places.

Eore Formats the number using scientific notation with a default of six decimal
places.

For f Formats the string with a fixed number of decimal places (two by default).

Gorg General. Either E or F.

Xorx Formats the string as hexadecimal.

Fig. 5.9 string formatting codes.
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5.5 switch Multiple-Selection Structure

The previous chapter discussed the i £ single-selection and the if/else double-selection
structures. Occasionally, an algorithm contains a series of decisions in which the algorithm
tests a variable or expression separately for each constant integral expression or constant
string expression the variable or expression may assume. A constant integral expression is
any expression involving character and integer constants that evaluates to an integer value
(i.e., values of type byte, sbyte, short, ushort, int, uint, long, ulong and
char). A constant string expression is any expression composed of string literals that always
results in the same string. The algorithm then takes different actions based on those values.
C# provides the swi tch multiple-selection structure to handle such decision making.

In the next example (Fig. 5.10), let us assume that a class of 10 students took an exam
and that each student received a letter grade of A, B, C, D or F. The program will input the
letter grades and summarize the results by using switch to count the number of each dif-
ferent letter grade that students earned on an exam. Line 10 declares variable grade as
type char. Lines 11-15 define counter variables that the program uses to count each letter
grade. This variable stores the user’s input for each grade. Line 17 begins a £or structure
that loops 10 times. At each iteration, line 19 prompts the user for the next grade, and line
20 invokes Char method Parse to read the user input as a char. Nested in the body of
the for structure is a switch structure (lines 22-56) that processes the letter grades. The
swi tch structure consists of a series of case labels and an optional defaul t case.

When the flow of control reaches the switch structure, the program evaluates the
controlling expression (grade in this example) in the parentheses following keyword
switch. The value of this expression is compared with each case label until a match
occurs. Assume the user entered the letter B as the grade. B is compared to each case in
the switch, until a match occurs at line 29 (case 'B"' :). When this happens, the state-
ments for that case execute. For the letter B, lines 31-32 increment the number of B grades
stored in variable bCount, and the switch structure exits immediately with the break
statement. The break statement causes program control to proceed with the first statement
after the switch structure. In this case, we reach the end of the for structure’s body, so
control flows to the control-variable increment expression in the for structure header.
Then the counter variable in the £or structure is incremented, and the loop-continuation
condition is evaluated to determine whether another iteration of the loop is necessary.

1

2

3

4 using System;

5

6 class SwitchTest

7 A

8 static void Main( string[] args )
9 {

10 char grade;

11 int aCount = 0,
12 bCount = 0,
il cCount = 0,

Fig. 5.10 Example using switch. (Part 1 of 3.)
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66 }

dCount
fCount

for ( int i = 1; i

{

}

Console.Write (

grade =

switch ( grade )

{

case

case
++aCount;
break;

case

case
++bCount;
break;

case

case
++cCount;
break;

case

case
++dCount;
break;

case

case
++fCount;
break;

default:

<= ; i++ )

Console.WriteLine (

break;

Console.WriteLine (

cCount, dCount,

fCount );

) ;

Char.Parse( Console.ReadLine() );

+
, aCount, bCount,

Fig. 5.10

Example using switch. (Part 2 of 3.)
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Enter a letter grade: a
Enter a letter grade: A
Enter a letter grade: c
Enter a letter grade: F
Enter a letter grade: z

Incorrect letter grade entered.
Enter a new grade

Enter a letter grade: D
Enter a letter grade: d
Enter a letter grade: B
Enter a letter grade: a
Enter a letter grade: C
Enter a letter grade: C

Totals for each letter grade are:
A: 3

B:
Cg
D:
F:

HoWwR

Fig. 5.10 Example using switch. (Part 3 of 3.)

Indent the body statements of each case in a switch structure.

- E|C-Eood Programming Practice 5.6

If no match occurs between the controlling expression’s value and a case label, the
default case (line 49) executes. Lines 50-52 display an error message. Note that the
default case is optional in the swi tch structure. If the controlling expression does not
match a case and there is no default case, program control proceeds to the next state-
ment after the switch structure. It is also important to understand that, in C#, only the
statements for one case c