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Introduction

‘ ++ is the language of the millennium. Why is C++ so
popular?

It’s powerful. You can write almost any program in it.

It’s fast, and it’s fully compiled. That’s a good thing.

It’s easy to use — if you have this book.

* ¢ ¢+

It’s object-oriented. If you're not sure what that is, don’t worry. You can
find out about it by reading this very book you're holding.

+

It’s portable. Versions are available for nearly every computer.

+

It’s standardized. The American National Standards Institute and the
International Standards Organization both approve an official version.

<+ [t’s popular. More people are using C++ because so many other people

use it.

Sure, some people criticize C++. But most of these people don’t truly under-
stand C++ or are just having a bad day. Or both.

No Experience Necessary

This book is not a big rant about C++. Rather, it’s a hands-on, roll-up-your-
sleeves book, where you will truly learn C++.

At the very beginning, we start you out from square one. We don’t assume
any programming experience whatsoever. Everybody has to start some-
where. You can start here. Not to brag, but you are in the hands of highly
successful C++ users who have shown thousands of people how to program,
many of whom started out from square one.

Great for Advanced Folks, Too!

You already know C++?7 This book is great for you, too, because although we
start discussing C++ from the beginning, we go all the way through it.

Want to know how to derive a nontemplatized class from a class template?
Check out Minibook IV, Chapter 5.
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For. All Computers

Want to see how to create an observer pattern in C++? See Minibook II,
Chapter 6.

Want to find out the difference between deque and vector in the C++
Standard Library? Look at Minibook IV, Chapter 6.

Want to know how to make a class persistent? Minibook V, Chapter 5.

Want to know about the Boost library, the library that has added more to
the Standard Template Library (STL) than just about any other source?
Check out Minibook VI, Chapters 3 and 4. If you use C++ and don’t use Boost,
you're really missing out!

For. All Computers

Although one of the minibooks in C++ All-in-For Dummies, 2nd Edition is
devoted to Microsoft-specific topics (Minibook VII on Visual Studio 6.0 and
MFC), the rest of the book is for C++ in general. C++ is now standardized, and
you can use the information in this book for many different platforms. We
wrote the samples on Microsoft Windows. But for most samples, we used a
compiler called CodeBlocks that runs on almost every computer (Windows,
Linux, and Macintosh). It doesn’t matter which computer you’re using!

All the code in this book, except that in Minibook VII, has been tested on
both Windows and Linux. (Don’t let the Windows screenshots fool you;
CodeBlocks works great on just about any platform.) Even though we didn’t
have a Macintosh available for testing at the time of writing, we're sure that
the examples will also work fine in the Macintosh environment if you use the
CodeBlocks compiler as described in the book.

Conventions

As a guy who is about to head off to a convention, we thought it would be
appropriate to share with you some tidbits about the conventions in this
book. However, this time we’re talking about the text format.

4+ When you see something in monofont, it’s a computer word that you
type into the computer or read on a computer screen. If we discuss a com-
puter term but it’s not a word that you type into the computer, it is in
the usual font. You also see monofont for URLs and e-mail addresses.

+

When you see something in bold, you can type it into the computer.
4+ When you see a word in italics, it’s new and we explain its meaning.

4+ When code is on a single line, it looks like this:

MyClass.IsCool();
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4+ When code appears on multiple lines, it looks like this:

MyClass.IsCool();
AndSo.IsYours():;

4+ Lengthy program listings have a header and a listing number. These are
entire programs you can type, and they should run as-is. However, you
save time and effort by using the code supplied as part of the book’s CD.
The CD also contains a full copy of the Windows version of CodeBlocks.

Organization

This book is divided into seven minibooks. Each one covers a separate,
broad topic, with chapters devoted to individual subtopics.

You can either read this book cover to cover or you can look topics up and
treat the book as a reference guide — whichever works best for you. Keep it
on your shelf and have it ready to grab when you need to look something up.
Here are the seven minibooks and what they cover:

4+ Minibook I, Introducing C++: Here, we start at the very beginning,
showing you all you need to know to get up and running with C++. This
is also the minibook that gets you started with CodeBlocks. If you don’t
have a copy of CodeBlocks installed on your system, you definitely want
to start by reviewing Chapter 1.

4+ Minibook II, Understanding Objects and Classes: In this minibook, we
present all the latest information about object-oriented programming
and how to use various diagrams to design your programs. Advanced
readers should especially appreciate this minibook because we cover
such topics as UML and design patterns. But beginners should be able
to understand it, too, and find out how to get up to speed with the best
software engineering ideas around.

4+ Minibook III, Fixing Problems: Here, we show you how to debug your
programs by using a special program called a debugger. If you're a
beginner, this minibook gets you started on fixing the problems in your
code. If you're advanced, you can appreciate how we use the debug-
ger supplied with CodeBlocks to locate any problems your application
might have.

4+ Minibook IV, Advanced Programming: In this minibook, we move
through advanced C++ topics. After reading Minibook IV, the beginners
become intermediate or advanced programmers, and the intermediate
and advanced programmers can master the C++ language.

4+ Minibook V, Reading and Writing Files: Yes, this entire minibook is
devoted to the issues of reading and writing files. In this book, we cover
stream programming, which is a special way C++ treats files.
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4 Minibook VI, Advanced C++: This advanced minibook includes two
chapters each on STL (Standard Template Library) and Boost. The STL
chapters describe some of the advanced classes not used in other areas
of the book and help you create your own templates. The Boost library
chapters describe all the tools found in Boost, show how to build a full
set of libraries for your own use, and then provide an overview of some
interesting Boost capabilities. You really miss out on a lot if you don't at
least visit this minibook after you build your programming skills.

4+ Minibook VII, Building Applications with Microsoft MFC: Many, many
people use the native code capabilities of Microsoft Visual C++. In this
minibook, we show you how to create workspaces and projects in Visual
Studio 2008. We then show you how to write software for Windows by
using Microsoft Foundation Classes. This minibook doesn't include any
discussion of Microsoft's latest offering for C++ developers, the NET
Framework.

Icons Galore

<WBER

NNG/

Hey, what would a For Dummies book be without all the great icons? These
are the second best part, next to the cartoons. Here's what they mean:

We have lots of experience as both C++ programmers and instructors, and
so we pass on tidbits here and there to help you along.

This icon identifies things you may want to remember to do when you're
programming.

These icons can save you a lot of headaches. They're suggestions to help
keep you from really messing up — the way that we probably already did.
You won't cause the computer to explode if you skip these, but you'll sleep
better knowing you won't accidentally lose all your code or overwrite a file.

Computer people often search for extra knowledge, even when it may not
be necessary. These Technical Stuff paragraphs are fascinating information,
primarily to cover your serious curiosity.
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What's Next?

If you want to e-mail us, please do! We have special e-mail addresses for you:

readers@jeffcogswell.com
jmueller@mwt.net

We both get a lot of e-mail from readers, so we can’t always reply, nor can
we promise to have a quick-and-easy answer. Please don’t be offended if you
don’t hear back. You can check out our Web sites, www. jeffcogswell.
comand http://www.johnmuellerbooks.com/.

Jeff has a newsletter that dishes out tips and tricks for C++ programmers.
Send an e-mail to newsletter@jeffcogswell.com, and you'll get back an
e-mail on how to subscribe. We think that you’ll be pleased with the informa-
tion. Oh yes, and it’s free.

In the pages that follow you will see just how easy it is to program in C++.
When you finish this book you will have a full mastery of the language!
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Chapter 1: Creating a
First C++ Program

In This Chapter

+» Organizing your programs into projects

v Typing code into the code editor

1 Writing a program that writes to the screen
1+ Doing basic math

»* Running your program

t’s your lucky day. You have decided to learn the most popular program-

ming language on the planet. From the biggest skyscrapers housing huge
[ortune-500 companies all the way down to the garages with the self-starting
kids grinding out the next generation of software, people are using C++. Yes,
there are other languages, but more programmers use C++ than any other
language. In this chapter, you start right out writing a C++ program.

For this chapter we use CodeBlocks, a fullfeatured system for easily creating
C++ code — and it’s free! You don’t need to spend hundreds of dollars to get
up and running. Instead, you can install it right from the CD-ROM that came
with this book. However, you're not limited to using CodeBlocks. Several
other tools are available to you, but in this chapter we suggest working with
CodeBlocks because it’s easy to use. In fact, you may find you like it so well
that you wind up almost neglecting the other tools.

We assume that you have already installed CodeBlocks. If you have not, you
can find instructions in Appendix B.

Creating a Project

Creating a computer program is usually a bigger job than you’d want to
organize in your head. Program code is saved in files much like the docu-
ments in a word processor. But programs often have more than one source-
code file. At big companies in big buildings in big cities, some programs are
really big — hundreds of source-code files for just one program.
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Understanding projects

Projects can contain a lot of source code. To keep all that source code
together, programmers use a file that manages it all called a project. Projects
have a few key elements:

4+ A set of source-code files
4+ (Optionally) Resource information such as icons and sound files
4+ A description of how to compile (build) the application

4+ Integrated Development Environment (IDE) settings that tell how to set
up the editor you use to write the application

4+ Some general descriptions of the program being built, such as its name
and what type of program it is

By type of program, we don't mean “word processor” or “really cool earth-
shattering software,” even if that's what your program is. We use fype to
mean your program's overall relationship with other programs:

4 Does this program run by itself?

4+ Does this program add to or extend the functionalities of another pro-
gram (such as Microsoft Excel)?

4 Does this program serve as a library (a bunch of code that you make
available to another program)?

All this information, along with your source-code files, represents a project.

In the CodeBlocks tool, you create a new project each time you start work
on a new program. You provide a little information about the program you're
working on, and then you begin writing your code. All the code for your pro-
gram goes in one place — stored in the project.

This book presents a lot of sample programs, so you may want to create
a directory (or folder) on your hard drive to house all the programs you
create as you work through this book. Call it MyProjects, or something
specific like CPPA11InOne, or whatever you prefer.

Defining your first project

To create a new project in CodeBlocks, start CodeBlocks and choose
Filec>New=>Project or click Create a New Project on the Start Here page that
appears when you start the program. A dialog box appears, as shown in
Figure 1-1.
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When you create a project in CodeBlocks, you choose from a list of several
types of programs. They’re shown as icons in the New from Template dialog
box. The following list shows some program types:

Win32 GUI Project: This is a standard Windows program that includes,
well, a window. You know the kind; it usually has a menu across the top
and something inside it that you can either click or type into.

Console Application: This is a program that gets a paltry Console
window instead of a regular Windows window. Console refers to a
window with a command prompt (folks who recall the old days before
Windows call it a DOS box). You can remember this because you may
have to “console it” for being just a boring DOS-type text window with a
prompt.

Static library: A static library is a set of C++ code that you use later in
another project. It’s like making a really great marinade that you won’t
use up today. You'll use some of it tomorrow and some of it after that.
Same with a C++ library.

Dynamic Link Library: A Dynamic Link Library (DLL) is kind of like a
static library except it stays separated from the main program and gets
its own file with a .DLL extension.

Programmers have a bad habit of dropping DLLs in your ¢ : \windows\
system or ¢:\windows\system32 directory when you probably don’t
really want them there. That’s why you’ve likely heard of DLLs before.

Empty project: A blank project that’s as clean as a blank sheet of white
typing paper, ready for you to fill ’er up.
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What about all of those other projects?

CodeBlocks supports a host of other application
types. This book doesn’t discuss them because
they won't add to your initial understanding of
C++ programming. However, these other proj-
ects are valuable in the right environment. For
example, the GIMP Tool Kit Plus (GTK+) Project
relies on a graphical user interface designed
for the X Windowing system {see mare at
http://www.gtk.org/).

You'll find that CodeBlocks uses a considerable
number of acronyms and abbreviations for proj-
ect and resource names without defining any
of them. We define all the acronyms that we
employ on first use in the book. However, some

of these acronyms and abbreviations go on
and on. For example, you might wonder about
the GIMP part of the GTK+ definition. GIMP
stands for GNU Image Manipulation Program.
0f course, now you need to know GNU, which
stands for Gnu's Not Unix. Okay, now that
we've exhausted that hit of fun, if you ever do
run across an interesting acronym or abbrevia-
tion, you can always get it defined for you on
the Acronym Finder Web site (http: / /www.
acronymfinder.com/). The bottom line
is that you need to research both projects and
resources before you use them.

Frankly, it's kind of a pain to use an empty project, because you have to
tweak and set a bunch of things. So we never use this option.

For the samples in this chapter, create a Console Application. Follow these

steps:

1. In the New from Template dialog box, click the Console Application
icon found in the Projects tab. Click Go.

You see the Welcome page of the Console Application wizard.

2. Click Next.

The wizard asks which language you want to use.
3. Highlight C++ and click Next.

You see a list of project-related questions, as shown in Figure 1-2. These
questions define project basics, such as the project name.

Type a name for your project in the Project Title field.

The example uses SayHello as the project title. Notice that the wizard
automatically starts creating an entry for you in the Project Filename

field.
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5. Type a location for your project in the Folder to Create Project In field.

The example uses FirstProject as the folder name. You can also click
the ellipses button next to the Folder to Create Project In field to use the
Browse for Folder dialog box to locate the folder you want to use. Notice
that the wizard completes the entry in the Project Filename field.

If you made a folder to house all the programs for this book (as sug-
gested in the “Understanding projects” section of the chapter), put your
FirstProject folder in the folder for the book. Make sure you're inside
the folder you just created.

. (Optional) Type a project filename in the Project Filename field.
. Click Next.

You see the compiler settings shown in Figure 1-3. Most of the projects
in this book use the default compiler settings. However, if you look

at the Compiler drop-down list, you see that CodeBlocks supports a
number of compilers and you can add more to it. The other settings con-
trol the creation and location of a Debug version (the version you use
for finding problems in your code) and a Release version (the version
that you send to a customer) of the application.

. Change any required compiler settings and click Finish.

The wizard creates the application for you. It then displays the
CodeBlocks IDE shown in Figure 1-4 with the project loaded.
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The project window is organized side by side:

4+ The left side is an Explorer view (called a tree view), which represents
your project. At the top of the tree view is a workspace — the essen-

tial unit of a project. Below the workspace is the name of your project
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Underneath that are the components of your project. In this case, only
one component exists so far: the source-code file whose filename is
main.cpp. Remember that to program in C++, you enter code into

a source-code file; this file, called main. cpp, is such a file for your
SayHello project.

4+ The right side (which actually takes up about three-quarters of the
screen) is the source-code file itself.

This part works much like a word processor or an e-mail editor, and you
can type the code into the window. You notice that you already have
some code there — a sort of starter code that came into being when you
chose Console Application and created the project.

4 At the bottom of the display are a number of status windows. The
Code::Blocks window tells you how the wizard created your application.
Don’t worry about these windows for right now. You see them in action
as the book progresses.

Building and executing your. first application

Okay, it’s time to work with your first application. Use the following steps
to save the file, build the program (make it into an executable that Windows
can use), and execute the program.

1. Save the code file by choosing File=>Save Everything.

Saving the files ensures you have a good copy on disk should something
go wrong. For example, you could completely crash the IDE if your appli-
cation does the wrong thing.

2. Choose Build-Build or press Ctrl+F9.

This action creates the executable file. Building the code converts
words you understand into code that Windows understands. Notice that
CodeBlocks automatically selects the Build Log window for you and you
see the steps that CodeBlocks takes to create your application. At the
end of the process, you should see 0 Errors, 0 Warnings as the output.

3. Choose Build=>Run or press Ctrl+F10.

An output window like the one shown in Figure 1-5 opens and you see
your first program execute.

4. Press Enter to stop program execution.

The program window disappears and you see the CodeBlocks IDE again.
Well that wasn’t interesting, was it? But that’s okay! The program starts out
in a basic situation: We have a console window, and then when the program

is finished doing whatever it must do, it shows the message Press any key
to continue — and when you do so, the program ends.
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Typing the Code
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The right-hand 75 percent or so of the CodeBlocks window is called the code
editor; it's where you type and change your code. Of all the tasks we just
mentioned, the nearest equivalent to using the CodeBlocks code editor is
composing an e-mail message.

Word movement and selection actions look a bit strange on the screen. They
ignore some characters, such as braces — the curly characters { and }. (We
recently added this to our “Mysteries of Life” on the refrigerator.)

The code editor works like the editor in an e-mail message. You can

4+ Type code.

4+ Move the cursor with the arrow keys (up, down, left, right) to the posi-

tion where you want to type. The cursor is the little blinking vertical
bar that shows where your text goes when you type. Some folks call it a
caret or an insertion point.

Click where you want to type. Use the mouse to point where you want to
type, then click the mouse button. The cursor jumps to the spot where
you click.

Select text to delete or change. You can select text in either of two ways:

¢ Point with the mouse at the first or last character you want to select;
then hold down the mouse button while you drag the mouse.

¢ Move the cursor to the first or last character you want to select; then
hold down the Shift key while you press the arrow keys.

Scroll the text up and down (vertically) or left and right (horizontally)
with the scrollbars. The scrollbars work only when there is more text
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than you can see in the window, just like most other places in the
Windows and Macintosh worlds. You can scroll up and down (if there's
é’“ enough text in the editor) by using Ctrl+T and Ctrl+l key combinations.

/4

4 Scrolling changes only what you see. You must use the mouse or the
arrow keys to select what you see.

After you play around a bit with the editor, you can use Table 1-1 to do a
few of your favorite tasks. (Of course, if you're new to programming, you
may not know yet whether these are your favorites — but they will be soon.

Trust me.)
Table 1-1 Navigation and Edit Commands
Command Keystroke or Action
Cursor movement 1,1, «, or —.Home, End
Moving from word to word Ctrl+« or Ctrl+—
Selecting with the mouse Click the mouse in the text, and while the
mouse button is down, drag the mouse
Selecting with the cursar Shift+T, Shift+l, Shift+«, or Shift+—
Selecting the next word Shift+Ctrl+—
Selecting the previous word Shift+Ctrl+«
Selecting everything Ctrl+A
Going to the top Ctrl+Home
Going to the bottom Ctrl+End

Starting with Main

When a computer runs code, it does so in a step-by-step, line-by-line manner.
But your code is organized into pieces, and one of these pieces is called the
main function, or simply main. main is the part that runs first. main tells

the computer which other parts of the program you want to use. main is the
head honcho, the big boss.

How does the computer know what is main? You type lines of code between
the brace characters, { and /. Here is the default program that CodeBlocks
produces when you create a Console Application project.

int main()

{
cout << "Hello world!" << endl;
return 0;
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The word main is required, and it tells the computer wheremain is. You
might also see main shown as:

int main{int argc, char *argv[])

Don’t worry about the words around main for now. You discover what these
words mean later in the chapter. For now, all you need to know is that every
C++ program has a main function.

<WBER The computer performs the code line by line. If a line is blank, the computer
just goes to the next line. When you write lines of code, you are instructing
the computer to do something (which is why some people refer to lines of
code as instructions).
Showing Information

Ready to type some code and try it out? Let’s do it! This code will open the
famous console window and write some words to it.

First, make sure that you still have the CodeBlocks tool open and the
SayHello project open, as in this chapter's preceding examples. If not,
follow these steps:
1. Start CodeBlocks if it's not already running.
You see a Start page for the CodeBlocks IDE.
2. Click the SayHello.cbp project found in the Recent Projects list.
CodeBlocks opens the project for you.
If the main.cpp code isn't showing in the right 75 percent of the window,
click main. cpp in the tree view on the left. It will immediately open. (If you

don't see the tree view, click the little tab at the top that says Projects;it's
next to a tab that says Symbols.)

Follow these steps carefully. Make sure that you type everything exactly as
given here:
1. Position the cursor on the line with the opening brace.

In this case, that’s line 6. You can see the line number on the left side of
the code editor.

2. Press the Enter key.

The cursor should be in the fifth column. If it isn't — if it stays in the
first column — then press the spacebar four times.
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3. Type the following line of code exactly as it appears here.

Put no spaces between the two less-than (<) symbols. Make sure that
you remember the final semicolon at the end. Here's the line:

cout << "Hello, I am your computer talking.® << endl;

. Delete the line of code that looks like this:

cout << "Hello world!" << endl;

In the end, your code will look like the following example (the new line that
you typed is shown here in bold):

#include <iostream>
using namespace std;

int main{()

{
cout << "Haello, I am your computaer talking.® << endl;
return 0;

}

If you don't type your code correctly, the computer can tell you. This step
compiles the program: the computer makes sure that what you wrote is okay
and then translates it into a runnable program. (Don't worry too much about
what that means. For now just think of it as making sure that your program
is okay. Appendix A gives you the whole story about compiling.)

To find out whether your program is good to go, choose Build=>Build.

If all is well, you see a window in the lower-left of the main CodeBlocks
window with the really happy message, 0 errors, 0 warnings. A mes-
sage like You rock! might be nicer, but 0 errors, 0 warnings ain't all
that bad, we guess.

If you didn’t type the line correctly, all is not lost because the computer will
tell you what you did wrong. In this case, you will see something like what
is shown in Figure 1-6. A list with columns appears at the bottom of your
screen.

Seadirewlts ) Bk o Buik messages €Y Delawrs 4

rie Ine Metane
——— SayLella, Debug ——
C:\024€ - Seourec Cade\B... In function ‘int main{)':
C:\024€ - Source Cade’\B... 7 erzar: ‘couts' wia ne- declared in this scepe
C:10246 - Sourcc Coda\B... 7 warn:ng: unuzed varizblae ‘oouts’
=== Build £inished: 1l ezrsrs, 1l warnings ===
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4 The leftmost column shows the name of the file where the error was. In
this case the error was in main. cpp, the only file we were working on.

4 The second column shows the line number of the problem (in this
case, 7).

4 The third column of the list makes a basic attempt to tell us what we did
wrong, like this:

error: 'couts’ was not declared in this scope

When the compiler doesn’t recognize a word, it says that the word is
not declared. In other words, the compiler doesn’t know what couts
is. (The word should be cout.)

If we want to see the problem, we can point at the error report line and
double-click. The bad line appears in the code editor, with a little red box
next to the line. The line is also highlighted. As soon as we press an arrow
key, the highlight vanishes.

Thus, if we press the — key a few times and get to the word couts and then
delete the letter s, we can try again. If we choose Build=>Build, this time we
see the happy message 0 errors, 0 warnings. Excellent!

No errors means that the program is good enough to run. So run it!

Choose Build=>Run. A console appears with text that looks like this:

Hello, I am your computer talking.

Procegs returned 0 (0x0) execution time : 0.015 s
Press any key to continue.

See what happened? There is now a message that says, Hello, I am your
computer talking. Apparently the thing you typed caused that message
to appear. (Go ahead and press Enter to close the console.)

And in fact, that’s exactly what happened. That’s how you make a message
appear on the console screen. The steps look like this:

1. Type cout.

Although cout looks like it’s pronounced “cowt,” most programmers
say “see-out.” Think of it as shorthand for console output. (But don’t type
console output in its place, because the compiler won’t accept that.)

2. After the word cout, type a space and then type two less-than signs
(make sure to leave that one space before them).

These less-than signs just mean, the thing that follows is going to appear
on the console. The thing that follows, you will notice, is in double
quotes. That’s the way the computer knows where it starts and ends.
The words and stuff inside these double quotes is called a string because
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it's a bunch of letters strung together. (I'm not making this up.) The
computer knows where the string starts because there's a double quote,
and it knows where the string ends because there's a double quote. The
computer doesn't display these two sets of double quotes when the pro-
gram runs.

Then some weirdness follows. There's another set of less-than signs,
which means you want to write more to the console. But what follows?
It's endl. Notice this is not in quotes. Therefore we are not saying that
we want the strange barely pronounceable word “endl” to appear on
the screen. Instead, we're using a special notation that tells the com-
puter that we want to start fresh on the next line. And if you look at
the output, you'll notice that the words that follow (the message about
pressing the any key) are, indeed, on the next line. Note that endl is
pronounced “end-el.”

So that's not so bad after all. Let us recap:

4 The word cout means you want to write to the console.

4 The << symbols together (with no space between them!) mean the thing
that follows is what you want to write.

4 After the << symbol, you tell the computer what you want to write. It
can either be a string of letters, symbols, and other characters (all inside
quotes), or it can be the word endl.

4 You can put multiple items in a row and have them appear on the con-
sole that way, provided you start the line with cout and precede each
item with the << symbols.

Oh, and if you have a sharp eye, you may notice one more thing we haven't
mentioned yet: we included a semicolon at the end of the line. In C++, every
line must end with a semicolon. That's just the way it's done.

Statements in C++ end with a semicolon.

It's not quite accurate to say that every line must end with a semicolon. You
can break any line into multiple lines. The computer doesn't mind. We could
just as easily have written our line as the following two lines:

cout << "Hello, I am your computer talking.*
<< endl;

This is fine, provided that you don't split any individual word (such as cout
and endl), or the << symbols, or the string. In effect, anyplace you have a
space occurring “naturally” in the code (for example, between I and am),
you can start a new line if you want. Then, when the whole statement is fin-
ished, you end with a semicolon. Think of the semicolon as a signal to the
computer that the old statement is finished.
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Doing some math

You can get the computer to do some math for you; you can use the same
cout approach we described in the preceding section, and you throw in
some numbers and arithmetic symbols.

< Although addition uses the familiar plus sign (+) and subtraction uses the
Q} familiar minus (-) sign, multiplication and division use symbols you might
not be familiar with. To multiply, you use the asterisk (*); to divide, you use
the forward-slash (/).

Table 1-2 shows the math symbols.

Table 1-2 Math Symbols

Symbol Function

+ Addition (plus)
Subtraction {minus)

* Multiplication {times)

/ Division (divided by)

Yep, it's now math-with-weird-symbols time. Continue with the source code
you already have. Click somewhere on the line you typed — you know, the
one that looks like this:

cout << °®Hello, I am your computer talking." << endl;

Press End so the cursor moves to the end of the line. Then press Enter so
you can start a new line in between the cout line and the line that starts
with the word return.

Whenever you want to insert a line between two other lines, the easiest
way to get it right is to go to the first of those two lines, press End, and then
press Enter. This will insert a new blank line in the right place.

After you press Enter, you will notice that something happened: The cursor
is not at the start of the newly inserted line; instead, there are four spaces
and it's indented flush with the other lines. That's not a mistake. Believe it or
not, it's a serious lifesaver. Well, okay, maybe not a lifesaver, but it's almost
as good as those little candies that everybody loves. The reason is that often
you indent your code (this particular code is indented four spaces); if you're
typing lots of code, it's a bummer to have to type four spaces (or press the
Tab key) every time you start a new line. So CodeBlocks considerately (and
automatically) does the indentation for you.
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If, for some reason, your code didn't automatically indent and the cursor is

loitering at the beginning of the line, the auto-indent feature is not turned on.

It should be on by default, but if it isn't, here’'s how to turn it on:

1. Choose Settings=>Editor Options.
The Configure Editor dialog box appears.
2. Make sure that the Tab Indents check box is selected, then click OK.

3. Once back in the code, press Backspace to delete your new line, then
try pressing Enter again.

Behold! The code automatically indents.

4. After your new blank line appears and indents itself, type the
following:

cout << § + 10 << endl;

The beginning and the end of this line are just like those of the line you
typed earlier. The difference is the middle — instead of typing a string,
you type a math problem: 5 plus 10. Note that we put spaces around the
5, around the +, and around the 10 — but not between the 1 and 0. If
you put a space there, the computer gets confused (it doesn’t know that
you meant to write a single two-digit number). When you're finished,
your code should look like the following code snippet (here the new line
you typed is shown in bold):

#include <iostream>
using namespace std;

int main()

{
cout << "Hello, I am your computer talking." << endl;
cout << 5 + 10 << endl;
return 0;

}
5. Save your work by choosing Filer>Save Everything.

Instead of choosing Filec>Save Everything, you can recognize that the only
thing that changed is the source-code file you're currently working on. If you
see the blinking cursor in the code editor, you know that the code editor is
active. If not, click somewhere in your code to activate the editor. When you
see the blinking cursor, press Ctrl+S. This saves your file.

In the computer world, there's an adage that goes something like this: “Save
early, save often.” Get in the habit of pressing Ctrl+S every so often. You
won't wear out your hard drive, and the keyboard is pretty durable. Every
time we type a few lines of code, we press Citrl+S. Before we compile, we
press Cirl+S. When we're feeling paranoid that the last Ctrl+S didn't stick,
we press Ctrl+S. When we're stuck at a traffic light, we press Ctrl+S.
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Now you can tell the computer to compile your code. If you haven’t saved
it, do so now by pressing Ctrl+S. Then choose Build=>Build. If you typed
everything correctly, you should see the magical message 0 errors,

0 warnings appear in the Build Log window. But if not, don’t worry; you
can easily fix it. Look at your code and find the difference between the line
we wrote earlier and your code. Here it is again, just for safe measure:

cout << 5 + 10 << endl;

There is a space after cout, a space after <<, a space after 5, a space after +,
a space after 10, and a space after <<. And there is a semicolon at the end.
Make sure that these are all correct.

Then when you successfully compile and see the happy message 0 errors,
0 warnings, you are ready to run your program. Choose Build=>Run.

A console window opens, and you should see the following:

Hello, I am your computer talking.
15

Procesgs returned 0 (0x0) execution time : 0.000 s
Press any key to continue.

Notice the second line is the answer to the math problem 10 + 5. That means
the computer knows how to do math, more or less correctly. (Okay, it had
better be correct, or we're going to demand a refund from our teachers.)

Ordering the operations

If you want, you can play around with some more complicated problems. For
example, you can try something like this:

cout << 5 + 10 / 2 * 3 + 25 << endl;

What do you think the answer will be? The answer depends on computer
rules for the order in which it performs math problems. These are called
orders of operation. Multiplication and division take precedence over addi-
tion and subtraction. Therefore, the computer does all the multiplication
and division first from left to right; then it does the addition and subtraction
from left to right. Figure 1-7 shows the order in which the computer does
this particular math problem.

Going overboard.

The computer actually has various limits, including when it comes to math.
If you try something like this

cout << 8762547892451 * 10 / 2 * 3 + 25 << endl;
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Figure 1-7:
The
computer
likes to use
orders of
operation.
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5+10/2*3+25

545%3+25

an error message shows up in the error window when you try to compile:

error: integer constant is too large for "long" type

This message is bad. The reason is that you've gone beyond the limits of
what this style of math enables you to do. So be careful.

You can also go too big when you run your program — and (unfortunately)
you won't know it. For example, the line

cout << 12345 * 12345 * 12345 * 12345 * 12345 << endl;

will compile correctly — but (aieee!) shows the following result:

253233049

Nope, it’s not correct. Not even a good guess. So the moral here is mainly

to use the approach to coding shown in this section only when you're using
basic math and don’t have to juggle really big numbers. If you're getting over
five or six digits, you're getting into too-big territory.

The greatest positive number you can use is 2,147,483,647. The greatest
negative number is -2,147,483,647. However, if you're willing to stick to only
positive numbers and 0, the computer can make some adjustments inside
and handle a higher positive number. In that case, your numbers can range
from 0 to 4,294,967,295.

Pairing the parentheses

If you want to get around the order in which the computer does its math,
you can add parentheses. For example, if you use the following line, the com-
puter does the final operation (+) before it does the others:

cout << 5 + 10 / 2 * (3 + 25) << endl;
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Whereas previously, without the parentheses, this thing came out to be 45,
now it comes out to be 145. First the computer does the 3 + 25 to get 28.
Then it begins with the multiplication and division, from left to right. So it
takes 10/ 2 to get 5, then multiples that by (3 + 25), or 28, to get 140. Then it
starts with the addition and subtraction from left to right. So it adds 5 to this
to get the final number, 145.

Tabbing your output

Just as you can write a string of letters and numbers to the console, you can
also write a tab. For example, take the following line from your program

cout << "Hello, I am your computer talking." << endl;

and change it to the line shown in bold in the following code:

#include <iostream>
using namespace std:

int main()

{
cout << "Hello\tI am your computer talking." << endl;
return 0;

In the preceding code, we replaced the comma and space with a backslash
and then a lowercase t. (We also removed the extra line about math, just in
case you tried the math things from the preceding section.) But when you
compile and run this program (remember to compile it first!), it won’t print
exactly what’s in the double quotes. Here’s what you see:

Hello I am your computer talking.

The extra space in the displayed line is a tab space, just as if you had
pressed the Tab key while typing this. (Is that slick, or what?)

There’s a complication to using the backslash: You can’t just type a back-
slash or a double quote and expect to see it on the screen. A couple of work-
arounds will show the actual characters:

4+ Really want to display a backslash, not a special character? Use a back-
slash followed by another backslash. (Yes, it’s bizarre.) The compiler
treats only the first backslash as special. When a string has two back-
slashes in a row, the compiler treats the second backslash as, well, a
backslash.

For example, the following line of code has two backslashes:

cout << "\\tabc" << endl;
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The following text shows up at the console: Book |
\tabc Chapter 1

If a string starts with a double quote and ends with a double quote, how
in the world would you actually print a double quote? Type a backslash,
then a double quote, as in the following code:

cout << "Backslash and double quote equal \" in C++." << endl;

When that code runs in a program, you see this on the screen:

wesbosd + 9
)51 4 e Bu Jeary

Backslash and double quote equal * in C++.

C++ programmers use the term escape-sequence to refer to any special
character in a string that starts with a backslash. This is an outdated bit of
vocabulary — maybe not as old as “methinks,” but it does date back to the
original C language of the 1970s. Back then, you made special characters
appear on console screens by first pressing the Esc key.

Let Your Program Run Away

The word execute refers to running your program, but you need to compile
(or build using the CodeBlocks terminology) the program before you run it.
The compilation process transforms your program into an executable file. An
executable file is a special type of file that contains a program that you can
run on your computer. When you run your word processor program, you
run an executable file containing the word processor program.

After the computer compiles (builds) your program, it performs a step
called linking. People often refer to these two steps together as simply
compiling. Indeed, in this book, we often use the term to mean both steps
together. If you're curious about what goes on here, take a look at Appendix
A. It has a section devoted to the compiling and linking processes.

Whenever you want to run your program, you first compile it, and then you
run it. If you make more changes to your program, you must compile it again
before running it. Otherwise, the executable file won't have your changes.

Because you almost always use Build and Run in sequence, the kind people
who built CodeBlocks included a special menu item called Build and Run on
the Build menu. The computer first compiles your code, then it immediately
runs the program if there are no errors. If there are errors, the compiler
doesn’t run the program, and the errors are reported as usual.

We almost always use the Build and Run option, rather than clicking Build
and then Run separately.
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Sometimes the old-fashioned approach is more efficient: When we compile
and run our programs, we use shortcut keys. It takes a bit of extra time to
grab the mouse, move the pointer to a menu, and so on. Instead, we press F9
to compile.

Table 1-3 lists keyboard shortcuts for compiling.

Table 1-3 Keyboard Shortcuts for Compiling and Running

Action Keyboard Shortcut
Build Ctrl+F9

Run Ctrl+F10

Build and run F8
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Chapter 2: Storing Data in C++

In This Chapter

v+ Using storage bins called variables
v Working with integer variables

»* Using character variables

»* Manipulating strings

+* Using Boolean variables

v+ Using conditional operators

+* Reading from the console

I A /e all love to store things away. Our closets are a perfect example

W ¥ of a place to store things. We have boxes in there that we have not
opened in years. Perhaps we inadvertently created a time capsule. Or just a
fire hazard. When you program a computer, you can also store things away.
Most people know that computers have two kinds of memory: memory
inside the chips and memory in the hard drive. But most people use the
term memory in reference to the memory chips; the other is just referred to
as the hard drive. When you type a business letter in a word processor, the
letter is stored in the memory. After you choose File>Save, the letter gets
stored to the hard drive, but as long as you still have it open in the word
processor, it's generally still in memory.

The best way to think of memory is as a set of storage bins, much like the
ones in the closet that we are afraid of. When you write a computer pro-
gram, you reserve some storage bins, and you give each storage bin a name.
You also say what type of thing can go inside the storage bin. The technical
term for such a storage bin is a variable.

In this chapter, we show you how you can use these storage bins in your
programs.

The programs in this and the remaining chapters work with the free com-
piler included on this book’s CD-ROM. You can also use any other com-
piler, such as the C++ compiler supplied with Visual Studio. In this chapter,
we're assuming that (by now) you know how to use the compiler of your
choice. Chapter | shows you how to use CodeBlocks; to find out more about
CodeBlocks see Appendix B.
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Putting Your Data Places: Variables

When you write a program, you specify that you want to make use of one
or more storage bins called variables. You can put different kinds of things
in these storage bins. The difference with these computer storage bins and
those in your closet, however, is that each computer storage bin can hold
only one thing at a time.

You can put many different types of things into your variables, too. For
example, you can put numbers in a storage bin, or you can put a string in a
storage bin. Minibook I, Chapter 1 advises that a string is simply a bunch of
letters, numbers, or other characters all strung together. As for numbers,
they can either be integers (which are positive whole numbers, negative
whole numbers, and 0) or they can be numbers with a decimal point, such as
3.11 or 10.0, which (for various reasons) are called floating-point numbers.

The term floating-point number means a number that has a decimal point and
something to the right of the decimal point (even if it's just a 0). When you
see the term floating point, you can remember what it means by the word
point in its name. Think of decimal point.

If you are already familiar with the term variable from other fields, be careful
that you do not apply their definitions here. Although similar, some signifi-
cant differences are involved. For example, in algebra, a variable represents
an unknown quantity, and you can solve for a variable. But in programming,
it's simpler than that: A variable is simply a storage bin with an associated
name.

Creating an integer variable

In your C++ program, you can easily write a line of code that creates a vari-
able. Although what you're doing at that point is just writing code (and

the variable won't actually get created until you run the program), people
often refer to this process as creating a variable. When we are working with
another programmer that we like, we will often say, “We’ll go ahead and
make a variable.” What we're really doing is writing code that tells the com-
puter to go ahead and make the variable. And of course, the computer won't
actually make the variable until the program runs. If, on the other hand,
we're working with a programmer we don't like, we probably won't say any-
thing at all.

A variable has three aspects, as shown in Table 2-1.
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Table 2-1 A Variable Has Three Aspects

Aspect What It Means

Name The name you use in your program to refer to the variable
Type The type of information that the variable can hold

Value The actual thing that the storage bin holds

The following list describes the items in Table 2-1 in more detail.

4+ Name: Each variable must have a name. In your program, you refer to
the variable by this name. For example, you may have a variable called
count, and you may have a variable called LastName. Or you could
have a variable called MisterGates.

4+ Type: When you create a variable, you must specify the type of infor-
mation the variable can hold. For example, one variable may hold an
integer, and another variable may hold a single character. After you pick
a type for the variable in your program, you can put only things of that
type into the variable.

4+ Value: At any given moment, a variable holds a single value. For exam-
ple, an integer variable might hold the number 10, and a character
variable might hold the character a. In your program, you can store
something in a variable, and later you can store something else in the
variable. When you store something else, the variable forgets what was
previously inside it. So in this sense, you can think of a computer as
having a one-track mind.

The code in Listing 2-1 demonstrates how to create a variable. This is a full
program that you can run.

Listing 2-1: Creating a Variable

#include <iostream>
using namespace std;

int main{()
{
int mynumber;
mynumber = 10;
cout << mynumber << endl;
return 0;

Take a careful look at Listing 2-1. Remember that the computer starts with
the code inside the braces that follow the word main, and it performs the
code line-by-line.
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The first line inside main looks like this:

int mynumber ;

When you declare a variable, the first thing you specify is the type of thing
the variable can hold. Here, we used the word int. This word is the C++
word for integer. Thus, the variable that we're declaring can hold an integer.
Next is the name of the variable. This variable is called mynumber. Then a
semicolon ends the variable declaration.

Notice that, in this line, we have covered two of the three aspects of vari-
ables; we have given the variable a name, and we have told the computer
what type of thing we want the variable to hold. The order seems a little
odd; in C++, we first say the type and then the name. That's just the way it's
done in C++, and a good reason stands behind it, which you can read about
in “Declaring multiple variables,” later in this chapter.

The next line looks like this:

mynumber = 10;

This puts something in the variable. It puts the number 10 in it. Because we
already said that the variable can hold an integer, we're allowed to put in a
10, because it is an integer. If we had tried to put something other than an
integer in it, the compiler would have given us an error. The compiler makes
sure that we put into a variable only the type of thing that we said we would.
It's good at keeping us in line. And of course, you noticed that the statement
ends with a semicolon. In C++, every statement ends with a semicolon.

To put something in a variable, you type the variable's name, an equals sign

(surrounded by optional spaces), and the value. You then end the line with a
semicolon. This line of code is called an assignment. Or you can say that you

are setting the variable to the value.

The next line is this:

cout << mynumber << endl:;

Minibook I, Chapter | describes what this line does. It's a cout statement,
which means that it writes something on the console. As you can probably
guess, this code tells the computer to write the value of mynumber on the
console. It does not write the string mynumber. Rather, it writes whatever
happens to be stored in the storage bin. The previous line of code put a 10
in the storage bin, and so this line will print a /0 on the console. When you
run the program, you see this:
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Think of it like this: When you type the variable's name, you are accessing
the variable. The exception to this is when the variable's name appears to
the left of an equals sign. In that case, you are setting the variable.

You can do two things with a variable:

4 Set the variable: You can set a variable, which means that you can put
something inside the storage bin.

4 Retrieve the value: You can get back the value that is inside the vari-
able. When you do so, the value stays inside it; you are not, so to speak,
taking it out.

When you retrieve the value that is in a variable, you are not removing it
from the variable. The value is still inside the variable.

Declaring multiple variables

Many years ago, when we first learned the original C programming language
(which was the language that served as the predecessor to C++), we thought
it odd that we had to first say the type of the variable and then the name.
But this actually works out well, because it makes declaring multiple vari-
ables of the same type easy. If we want to declare three integer variables in a
row, we can do it all in one shot, like this:

int tom, dick, harry;

This statement declares three separate variables. The first is called tom; the
second is called dick; and the third is called harry. Each of these three
variables holds an integer. We have not put anything in any of them, so we
may follow that with some code to stuff each of them full with a number. For
example, this code puts the number 10 in tom, the number 20 in dick, and
the number 3254 in harry.

tom = 10;
dick = 20;
harry = 3254;

When you run your programs, the computer executes the statements in

the order that they appear in your code. Therefore, in the preceding code,
the computer first creates the three storage bins. Then it puts a 10 inside
tom. (Now doesn't that sound yummy.) Next, dick will get a 20. And finally,
harry will consume a 3254.

Changing values
Although a variable can only hold one thing at a time, you can still change
what the variable holds. After you put something else in a variable, it forgets
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what it originally had. So when people accuse us of being forgetful, we can
just say, “Yes, but you should see that computer we work with all day long!”

You put something new in the variable in the same way you originally put
something in it.

Look closely at Listing 2-2. Notice that the first part of the program is just
like Listing 2-1. But then we added two more lines (shown in bold) that look
pretty much like the previous two: The first one sticks something (20) in the
same variable as before, and the next one writes it out to the console.

Listing2-2: Changing a Variable

#include <iostream>
using namespace std;

int main()

{
int mynumber;
mynumber = 10;
cout << mynumber << endl;
mynumber = 20;
cout << mynumbaer << endl;
return 0;

As before, the line where we put something new in the variable follows the
same format: There's an equals sign, with the variable on the left and the
new value on the right. As described earlier in this chapter, this statement is
an assignment statement.

When you see a single equals sign by itself, the item on the left side is the
variable or item that receives the information that is on the right side.

Setting one variable equal to another

Because you can do only two direct things with variables — put something
in and retrieve the value — setting one variable equal to another is a simple
process of retrieving the value of one variable and putting it in the other.
This process is often referred to as copying the variable from one to another.

For example, if you have two integer variables, say start and finish, and

you want to copy the value of start into finish, you would use a line of
code like the following.

finish = start;
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\ Although we said copy the value of start into finish, notice that the first Book |
"3> thing we typed was finish, and then the equals sign, and then start. Don't Chapter 2
let the language confuse you. The left side of the equals sign is what receives

the value; it is an assignment statement.

<MBER When you copy the value of one variable to another the two variables must
3’} be the same type. You cannot, for instance, copy the value from a string vari- o
able into an integer variable. If you try, the compiler issues an error message ;
and stops. ?

After the computer runs this copy statement, the two variables hold the
same thing. Listing 2-3 is an example of copying one variable to another.

Listing 2-3: Copying a Value from One Variable to Another

#include <iostream>

using namespace stgd;

int main()
{
int start = 50;
int finish;
finish = start;
cout << finish << endl;
return 0;

Initializing a variable

When you create a variable, it starts out as an empty storage bin. Before it
can be of much use, you need to put something in it.

If you try to retrieve the contents of a variable before you actually put any-
thing in it, you end up with what computer people fondly call unpredictable
results. What they really mean to say is, don't do this because who knows
what's in it. 1t's kind of like if you go in the attic and you discover the former
owners left a big, ominous box. Do you really want to look inside it? With
variables, the problem you run into is that the computer memory has some-
thing stored in that particular place where the variable now sits, and that
stored item is probably just some number left over from something else. But
you can't know in advance what it is. So always make sure that you place

a value inside a variable before you try to retrieve its contents, a process
called initializing the variable.

You can initialize a variable in two ways. The first way is by declaring the
variable and then assigning something into it, which takes two lines of code:

int mynumber;
mynumber = 153;
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MyThis and MyThat

As you progress through your computer pro-
gramming life {which is, we hope, in addition
to your life as a millionaire), you are likely to
notice that, for some reason, some computer
programmers seem to favor variable names
that start with the word My. Other com-
puter programmers despise this practice and

completely distance themselves from it. We have
seen such computer identifiers as MyClass,
MyNumber, MyHeight, MyName, MyCar,
MyWhatASurprise, MyLar, MyStro,
and MyOpic. Personally, we have no problem
using names that start with My, especially in
training exercises.

But the other way is a bit quicker. It looks like this:

int mynumber = 153;

This method combines both worlds into one neat little package that is avail-
able for you to use whenever you want. You see us initializing variables both
ways in this book, depending on how we feel at the moment.

Creating a great name for yoursellf
Every variable needs to have a name. But what names can you use? Although
you are free to use names such as Fred or Zanzibar or Supercount 1000M,
there are limits to what you are allowed to use.
NG/ Although most C++ code is in lowercase, you are free to use uppercase let-
ters in your variable names. However, C++ distinguishes between the two.
Therefore, if you have a variable called count, you cannot access it later
in your program by calling it count with a capital c. The compiler treats
the two names as two different variables, which makes C++ case sensitive.
But on the other hand, please don't use two separate variables in the same
program, one called count and one called count. Although the compiler
doesn’t mind, the mere humans that may have to read your code or work on
it later might get confused.

Here are the rules you need to follow when creating a variable name:

4+ Characters: You can use any uppercase letter, lowercase letter, number,
or underscore in your variable names. Other symbols (such as spaces or
the ones above the number keys on your keyboard) are not allowed in
variable names. The only catches are that

¢ The first character cannot be a number.
¢ The variable name cannot consist of only numbers.

4+ Length: Most compilers these days allow you to have as many char-
acters in the variable name as you want. Just to be sure, and to prove
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we're easily amused, in CodeBlocks we successfully created a vari- Book |
able with a name that was over 1000 characters in length. However, Chapter2
we wouldn’t want to have to type that thing over and over. Instead, we

recommend keeping your variable names long enough to make sense g’

but short enough that you can type them easily. Most people prefer any
where from five to ten characters or so.

@
Examples of acceptable variable names include Count, current_name, ®
address_1000, and LookupAmount. Table 2-2 lists some variable names o
that are not allowed. ¥

Table 2-2 Examples of Bad Variable Names
Bad Variable Name Why It's Not Allowed
12345 It has only numbers (plus it starts with a number, which

is wrong as well).

A&B The only special character allowed is the underscore, _.
The & {ampersand) is not allowed.

lahc A variable name cannot start with a number.

Manipulating Integer Variables

Just like your friends, integer variables can be manipulated. But in this case,
manipulation means simply that you can do arithmetic. You can easily do
the usual addition, subtraction, multiplication, and division.

In Minibook I, Chapter 1, we introduced the characters that you use for the
arithmetic operations. They are

4+ + for addition
+ -for subtraction
4+ *for multiplication

+ /for division

You can, however, perform another operation with integers, and it has to

do with remainders and division. The idea is that if you divide, for example,
16 by 3, the answer in whole numbers is 5 remainder 1. Another way of
saying this is that 16 doesn’t divide by 3 evenly, but 3 goes into 16 five times,
leaving a remainder of 1. This remainder is sometimes called a modulus.
Computer people actually have an important reason for calling it modulus
rather than remainder, and that’s because people in the computer field like
to use confusing terms.
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X When working with integer variables, remember the two basic things that
“") you can do with variables: You can put something in a variable, and you can
retrieve it from a variable. Therefore, when working with an integer variable,
the idea is that you can retrieve the contents, do some arithmetic on it, and
then print the answer or store it back into the same variable or another
variable.

Adding integer variables

If you want to add two integer variables, use the + symbol. You can take the
result and either print it or put it back into a variable.

The following example adds two variables (start and time) and then prints
the answer to the console. The addition operation is shown in bold.

#include <iostream>
using namespace std;

int main()
{
int start;
int time;
start = 37;
time = 22;
cout << gtart + time << endl;
return 0;
}

This code starts with two integer variables called start and time. It then
sets start to 37, and time to 22. Finally, it adds the two variables (to get
59) and prints the results.

In this example, however, the computer doesn’t actually do anything with
the final sum, 59, except print it. If you want to use this value later, you can
save it in its own variable. The following code demonstrates this; the storage
operation is shown in bold:

#include <iostream>
using namespace std;

int main()
{
int start;
int time;
int total;
start = 37;
time = 22;
total = gtart + time;
cout << total << endl;
return 0;
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In this code, we declared the integer variable total along with the others.
Then, after we stored 37 in start and 22 in time, we added the two and
saved the total in the variable called total. Then we finally printed the
value stored in total.

You can also add numbers themselves to variables. The following line adds 5
to start and prints the result.

cout << start + 5 << endl;

Or, you can save the value back in another variable, as in the following
fragment:

total = start + 5;
cout << total << endl;

This adds 5 to start and saves the new value in total.

When you use such code as total = start + 5;, although you are
adding 5 to start, you are not actually changing the value stored in start.
The start variable itself remains the same as it was before this statement
runs. Rather, the computer figures out the result of start + 5 and saves
that value inside total. Thus, total is the only variable that changes here.

Now here's where things get a little tricky in the logical arena. This might
seem a strange at first, but you can actually do something like this:

total = total + 5;

If you have taken some math courses, you might find this statement a little
bizarre, just like the math courses themselves. But remember, total is a
variable in computer. programming, and that definition is a bit different from
in the math world.

This statement really just means we're going to add 5 to the value stored in
total, and we'll take the value we get back and store it back in total. In
other words, total will now be 5 greater than it was to begin with.

The following code shows this in action:

#include <iostream>
using namespace std;

int main()

{
int total;
total = 12;
cout << total << endl;
total = total + 5;
cout << total << endl;
return 0;
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When you run this program, you see the following output on the console:

Notice what took place. First, we put the value 12 inside total and printed
the value to the console. Then we added 5 to total, stored that back in
total, and printed the new value of total to the console.

Now it's no big secret that we computer people are lazy. After all, why would
we own computers if we weren't? And so the great makers of the C++ lan-
guage gave us a bit of a shortcut for adding a value to a variable and storing
it back in the variable. The line

total = total + 5;
is the same as
total += §5;

We computer folks also have a special way of pronouncing +=. We say plus
equal. So for this line, we would say, total plus equal five.

Think of the total += 5 notation as simply a shortcut for total =
total + 5;.

You can also use the += notation with other variables. For example, if you

want to add the value in time to the value in total and store it back in
total, you can either do this

total = total + time;
or you can use this shortcut:
total += time;

If you are adding just 1 to a variable, you can use an even shorter shortcut. It
looks like this:

total++;
This is the same as total = total + 1;.

Table 2-3 summarizes the different things that you can do that involve the
addition of variables.
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. . . an Book |
Table 2-3 Doing Things with Addition Chapter 2
What You Can Do Sample Statement "
Add two variables cout << start + time e
<< endl;
Add a variable and a number cout << start + 5 << :
endl;
Add two variables and save the result in a total = start + time; _|+‘-_’
variable
Add a variable and a number and save the total = start + 5;

resultin a variable

Add a number to what's already in a variable

total = total + 5;

Add a number to what's already in a variable total += 5;

by using a shortcut

Add a variable to what's already in a variable total = total + time;

Add a variable to what's already in a

variable by using a shortcut

total += time;

Add 1to a variable

total++;

Subtracting integer variables

Everything you can do involving addition of integer variables you can also

do with subtraction. For example, you can subtract two variables, as shown

in Listing 24.

And now the answer to The Great Question

In C++, as well as in the original C language
uponwhich C++is hased, the operator ++ adds
1to a variable. So this finally brings us to a point
where we can answer The Great Question:
Where did the name C++ come from? When
the guy who originally designed C++, Bjarne
Stroustrup, needed a name for his language,
he decided to look into its roots for the answer.
He had based the language on C; and in C, to
add 1 to something, you use the ++ operator.
And because he felt that he added only 1 thing
to the language, he decided to call the new

language C++. Okay, that's not quite true; he
actually added a greatdealto the language. But
that entire great deal can be thought of as just
one thing made of lots of smaller things. What
did he add? The main thing of those smaller
things is the capability to do object-oriented
programming. That's something we cover in
the next chapter. And by the way, the origina-
tor of C++, Mr. Stroustrup, is still alive and still
doing work for the language at AT&T. You can
see hisWeb page atwww.research.att.
com/~bs/
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Listing 2-4: Subtracting Two Variables

#include <iostream>
using namespace std;
int main()
{
int final;
int time;
final = 28;
time = 18;
cout << final - time << endl;
return 0;

When this program runs, the console shows the number 10, which is 28 — 18.
Remember that, as with addition, the value of neither £inal nor time actu-
ally changed. The computer just figured out the difference and printed the
answer on the console without modifying either variable.

You can also subtract a number from a variable, and (as before) you still
aren’t actually changing the value of the variable, as in the following
example:

cout << final - 5 << endl;

You can subtract one variable from another and save the result in a third
variable:

start = final - time;

And you can change the value in a variable by using subtraction, as in the
following four sample lines of code. This first subtracts time from start
and saves it back in start:

final = final - time;

Or you can do the same thing by using the shortcut notation:

final -= time;

Or you can do the same thing with a number:

final = final - 12;

And (as before) you can alternatively do the same thing with a shortcut:

final -= 12;
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Finally, as with addition, you have a shortcut to a shortcut. If you want to
just subtract one, you can simply use two minus signs, as in

final--;

This is pronounced, minus minus.

Multiplying integer variables

To do multiplication in C++, you use the asterisk (*) symbol. Like addition
and subtraction, you can multiply two variables, or you can multiply a vari-
able by a number. You can take the result and either print it or save it in a
variable.

For example, you can multiply two variables and print the results to the con-
sole with the following:

cout << length * width << endl;
Or you can multiply a variable by a number as in this:

cout << length * 5 << endl;

And as with addition and subtraction, you can multiply two variables and
save the result in a third variable:

area = length * width;

And you can use multiplication to modify a variable’s value, as in the
following:

total = total * multiplier;

or to use the shortcut

total *= multiplier;

And (as before) you can do the same with just a number

total = total * 25;

total *= 25;

Dividing integer. variables

Although addition, subtraction, and multiplication are pretty straightforward
with integer variables, division is a bit trickier. The chief reason is that, with
whole numbers, sometimes you just can’t divide evenly. It’s like trying to
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divide 21 tortilla chips evenly between 5 people. You just can’t do it. Either
somebody will feel cheated, or everyone will get 4, and 1 chip will be left
over for everyone to fight over. Of course, you could break every chip into 5
pieces, and then each person gets !/s of each chip, but then you're no longer
working with whole numbers — just a bunch of crumbs.

If we use a calculator and type 21 divided by 5, we get 4.2, which is not a
whole number. If we want to stick to whole numbers, we have to use the
notion of a remainder. In the case of 21 divided by 5, the remainder is 1, as
we figured out with the tortilla chips. The reason is that the highest multiple
of 5in 21 is 20 (since 5 times 4 is 20), and 1 is left over. That lonely 1 is the
remainder.

So in terms of strictly whole numbers, the answer to 21 divided by 5 is 4
remainder 1. And that’s how the computer does arithmetic with integers: It
gets two different answers: The quotient and the remainder. In math terms,
the main answer (in our example, 4) is called the guotient. And what’s left
over is the remainder.

Because two different answers to a division problem may occur, C++ uses
two different operators for figuring these two different answers.

To find the quotient, use the slash (/). Think of this as the usual division
operator, because when you deal with numbers that divide evenly, this
operator gives you the correct answer. Thus, 10/ 2 gives you 5 as you would
expect. Further, most people just call this the division operator, anyway.

To find the remainder, use the percent sign (%). This is often called the
modulus operator.

The sample program in Listing 2-5 takes two numbers and prints their quo-

tient and remainder. Then it does it again for another pair of numbers. The
first pair has no remainder, but the second pair does.

Listing 2-5: Finding Quotients and Remainders

#include <iostream>
using namespace std;

int main{()
{
int first, second;
cout << "Dividing 28 by 14." << endl;

first = 28;
second = 14;
cout << "Quotient " << first / second << endl;

cout << "Remainder " << first % second << endl;
cout << "Dividing 32 by 6." << endl;
first = 32;
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second = 6;

cout << "Quotient " << first / second << endl;
cout << "Remainder " << first % second << endl;
return 0;

}

When you run this program, you see the following output:

Dividing 28 by 14.
2

Dividing 32 by 6.
5

Notice, in Listing 2-5, that we used a couple new tricks in addition to (or
divided by?) the division tricks. For one, we combined our variable declara-
tions of first and second variables into one statement. A comma sepa-
rates the variable names, and we wrote the type (int) only once. Next, we
combined the output of strings and numbers into a single cout statement.
We did this for four of the cout statements. That's acceptable, as long as
you string them together with the << signs between each of them.

You can do all the usual goodies with both the division (/) and remainder
(%) operators. For example, you can store the quotient in another variable,
as you can with the remainder:

myQuotient = first / second;
myRemainder = first % second;

And you have shortcuts available, as well:

int first = 30;
first /= 5;
cout << first << endl;

In this case, first becomes 6, because 30 /5 is 6.

int first = 33;
first %= 5;
cout << first << endl;

And in this case, first becomes 3, because the remainder of 33 divided
by 6 is 3.

Another type of variable you can have is a character variable. A character
variable can hold a single — just one — character. A character is anything
that can be typed, such as the letters of the alphabet, the digits, and the
other symbols you see on the computer keyboard.
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To use a character variable, you use the type name char. To initialize a
character variable, you put your character inside single quotes. (If you use
double quotes, the compiler issues an error message.) The following is an
example of a character:

char ch;
ch = 'a’;
cout << ch << endl;

The character variable here is called ch. We initialized it to the character
a, which, you notice, is surrounded by single quotes. We then printed it by
using cout.

Null character

One important character in the programming world is the null character. Deep
down inside the computer’s memory, the computer stores each character by
using a number, and the null character’s number is 0. There’s nothing to actu-
ally see with the null character; we can’t draw a picture of it in this book for
you to hang on your wall. (Bummer.) All we can do is describe it. Yes, every
once in a while computer people have to become philosophers. But the null
character is important because it is often used to signify the end of something.
Not the end of the world or anything big like that, but the end of some data.

To notate the null character in C++, use \0, as in

char mychar = '\Q';

Nonprintable and other cool characters

In addition to the null character, several other cool characters are available,
some that have a look to them and can be printed and some that do not and
cannot. The null character is an example of a nonprintable character. You
can try to print one, but you will get either a blank space or nothing at all,
depending on the compiler.

But some characters are special in that they do something when you print,
but you can’t type them directly. One example is the newline character. A
newline character symbolizes the start of a new line of text. In all cases, the
computer places the insertion point, the place where it adds new characters,
on the next line. If you are printing some text to the console and then you
print a newline character, any text that follows will be on the next line. Most
compilers these days start the text at the far left of the next line (column

1), but some compilers start the text in the next column on the next line, as
in the following output. In this case, the text appears on the next line, but it
starts at column 4, rather than at the far left (column 1).

def
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What is that symbol?

Never known to turn down the chance to invent * star (not asterisk)
a new word, computer people have come up
with names for characters that may not always
match the names you know. You've already

(left paren or left parenthesis

)
heard the use of the word dotfor a period when [

]

right paren or right parenthesis
surfing the Internet. And for some characters left square bracket or left bracket
that already have multiple names, computer
folks may use one name and not the other. And
sometimes, just to throw you off, they use the
usual name for something. The following are  ++ plus-plus (not double plus)
some of the names of symbols that computer
people like to use:

== equal-equal (not double equal)

—— minus-minus (not double minus)
/ forward slash
\ backslash

dot (but not period or decimal point)
@ at

& ampersand (but not and) brace
#

pound (but not number sign)

I bang, but most people still say exclama- brace
tion point A caret, but a few people say hat (for
~ tilde real — no joke here!)
% percent double quote

right square bracket or right bracket

{ left brace or left curly brace or open

} right brace or right curly brace or close

Here, we printed abc, then a newline, and then def. Notice that the def con-
tinued in the same position it would have been had it been on the first line.
For the compilers that we use in this book, however, printing abc, then a

newline, and finally de f results in this output:

But to accommodate the fact that some other compilers sometimes treat a
newline as just that (start a new line but don’t go anywhere else), the cre-
ators of the computers gave us another special character: the carriage return.

(Can you hear the crowd say, “ooooh!”?)

The carriage return places the insertion point at the start of the line, but not
on a new line. (Which means that if you use just a carriage return on a com-
puter expecting both a carriage return and a newline, you'll overwrite what’s

already on the line.) That’s true with pretty much every C++ compiler.
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Strings

In Minibook I, Chapter |, we describe the tab character and other characters
that start with a backslash. These are individual characters, and you can
have them inside a character variable, as in the following, which prints the
letter a, then a tab, and then the letter b. Notice that, to get the tab character
to go into the character variable, we had to use the \ thena t.

char ch = '\t';
cout << "a" << ch << *"b" << endl;

In Minibook II, Chapter 1, we mention that to put a double quote inside a
string, you needed to precede the double quote with a backslash so the com-
puter won't think that the double quote is the end of the string. But because
a character is surrounded by single quotes, you don't need to do this: You
can just put a double quote inside the character, as in the following.

char ch = '**;

Of course, now that raises an important question: What about single quotes?
This time you do have to use the backslash:

char ch = "\'’

And finally, to put a backslash inside a character, you use two backslashes:

char ch = "\\-;

When the compiler sees a backslash inside a string or a character, it treats
the backslash as special and looks at whatever follows it. If you have some-
thing like ‘\’ with no other character inside the single quotes following it,
the compiler thinks the final quote is to be combined with the backslash.
And then it moves forward, expecting a single quote to follow, representing
the end. Because a single quote doesn’t appear, the compiler gets confused
and issues an error. Compilers are easily confused. Kind of gives you more
respect for the human brain.

If any single computer word has become so common in programming that
most computer people forget that it's a computer word, it would be string.
Minibook I, Chapter | introduces strings and what they are, and it gives
examples of them. In short, a string is simply a set of characters strung
together. The compiler knows the start and end of a string in your code
based on the location of the double quotes.

You can create a variable that can hold a string. The type you use is

string. The example program in Listing 2-6 shows you how to use a
string variable.
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Delimiters limit de tokens

When you read an English sentence, you can
tell where one word starts and one word ends
by looking at the spaces and the punctuation.
The same istrue in a computer program. Words
are normally separated hy spaces, hut other
characters also denote the beginning and end
of a word. With a string, this character is the
double quote. Such word dividers are called

delimiters (pronounced dee-LIM-it-ers). And
just to make sure we stay confused, computer
people use the word foken to mean the indi-
vidual words in a program that are set apart
by delimiters. However, you won't hear us use
that term again in this book, as we prefer the
word word.

Listing 2-6: Using the string Type to Create a String Variable

#include <iostream>
using namespace std;

int main()

{
string mystring:;
mystring = "Hello there";
cout << mystring << endl;
return 0;

When you run this program, the string Hello there appears on the con-
sole. The first line inside main creates a string variable called mystring.
The second line initializes it to "Hello there". The third line prints the
string to the console.

Getting a part of a string
Accessing the individual characters within a string is easy. Take a look at
Listing 2-7.

Listing 2-7: Using Brackets to Access Individual Characters in a String

#include <iostream>

using namespace std;

int main()
(
string mystring:;
mystring = "abcdef";
cout << mystring(2] << endl;
return 0;
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Those strange # lines

Now for those strange-locking lines that start
with a # symbal. In Minibook I, Chapter 5, we
talk about how you can divide your code into
multiple pieces, each in its own source file.
That is a powerful way to create large software
programs, because different people can work
on the different parts at the same time. But to
do so, somehow each file must know what the
other files can do. And the way you tell the files
about the other files is by putting a line toward
the top of your file that looks like this:

#include <string>

This line means that your program is making
use of another file somewhere, and that file has
a filename of string. Inside that other file
is a bunch of C++ code that essentially gives
your program the ability to understand strings.

Notice that the seventh line, the cout line, has the word mystring followed

To see this file in CodeBlocks, right-click the
filename and choose Qpen Include File: <file-
name> from the context menu. The line

#include <iostream>

gives your program the ability to write to the
console, among other things. And finally, the
line

#include <stdlib.h>

provides some general C++ features that you
aren’t yet using. As you progress through C++,
you discover mare lines that you can include
at the top of your program, each starting with
#include and each giving your program
more features and capabilities. We use many
of these throughout this back. Now how is that
for a teaser?

by a 2 inside brackets. When you run this program, here's what you see:

That's it, just a letter ¢, hanging out all by itself. The 2 inside brackets means

that you want to take the second character of the string and only that char-
acter. But wait! Is ¢ the second character? Our eyes may deceive us, but it
looks to us like that's the third character. What gives?

ER

Turns out, C++ starts numbering the positions inside the string at 0. So for

this string, mystring[0] is the first character, which happens to be a. And
soreally mystring[2] gets the third character. Yes, life gets confusing

when trying to hold conversations with programmers, because sometimes
they use the phrase the third character to really mean the third position; but

sometimes they use it to mean what's really the fourth position. But to those

people, the fourth position is actually the fifth position, which is actually the
sixth position. Life among computer programmers can be confusing. In gen-

eral, in this book, we use fourth position to really mean the fourth position,
which you access through mystring[3]. (The number inside brackets is

called an index.)
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A string is made of characters. Thus, a single character within a string has
the type char. This means that you can do something like this:

string mystring;

mystring = "abcdef";

char mychar = mystring(2];
cout << mychar << endl;

In the preceding example, mychar is a variable of type char. The
mystring[2] expression returns an item of type char. Thus, the assign-
ment is valid. When you run this, you once again see the single character in
the third position:

Changing part of a string

Using the bracket notation, you can also change a character inside a string.
The following code, for example, changes the second character in the string
(that is, the one with index 1) fromactoagq:

string x = "abcdef";
x[1] = 'q';
cout << x << endl;

This code writes the string agcdef to the console.

Adding onto a string

Any good writer can keep adding more and more letters to a page. And the
same is true with the string type: You can easily add to it. The following
lines of code use the += operator, which was also used in adding numbers.
What do you think this code will do?

string mystring;

mystring = "Hi "

mystring += "there";

cout << mystring << endl;

The first line declares the string mystring. The second line initializes it to
"Hi ".But what does the third line do? The third line uses the += operator,
which appends something to the string, in this case "there". Thus, after
this line runs, the string called mystring contains the string "Hi there",
and that’s what appears on the console when the cout line runs. The fancy
programmer term for adding something to a string is concatenation.

You can also do something similar with characters. The following code snip-
pet takes a string and adds a single character onto it:

string mystring;

mystring = "abcdef";
mystring += ‘g’;

cout << mystring << endl;
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This code creates a string with "abcdef ", and then adds a 'g' character
on to the end to get "abcdefg®. Then it writes the full "abcdefg" to the
console.

Adding two strings

You can take two strings and add them together by using a + sign just as you
can do with integers. The final result is a string that is simply the two strings
pushed together side by side. For example, the following code adds first
to second to get a string called third.

string first = "hello

string second = "there*;
string third = first + second;
cout << third << endl;

This code prints the value of third, which is simply the two strings pushed
together, in other words, "hello there". (Notice the string called first
has a space at its end, which is inside quotes and, therefore, part of the
string.)

You can also add a string constant (that is, an actual string in your program
surrounded by quotes) to an existing string variable, as in the following.

string first *hello *;

string third first + "there*;
‘ss cout << third << endl;
Al

You may be tempted to try to add two string constants together, like so:

string bigstring = "hello " + "there*";
cout << bigstring << endl;

Unfortunately, this won't work. The reason is that (deep down inside its
heart) the compiler just wants to believe that a string constant and a string
are fundamentally different. But really, you don't have a good reason to do
this, because you could accomplish the same thing with this code:

string bigstring = "hello there*;
cout << bigstring << endl;

You can do a lot more with strings. But first, you need to understand some-

thing called a function. If you're curious about functions, read Minibook I,
Chapter 4, where we cover all the nitty-gritty details.

Deciding between Conditional Operators

One of the most important features of computers, besides allowing
you to surf the Web and allowing telemarketers to dial your telephone
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automatically while you’'re eating, is the capability to make comparisons.
Although this topic may not seem like a big deal, computer technology
did not start to take off until the engineers realized that computers could
become much more powerful if they could test a situation and do one task
or another task, depending on the situation.

You can use many ways to write a C++ program that can make decisions; see
Minibook I, Chapter 3, for a discussion about this topic. But one way that is
quite handy is through the use of the conditional operator.

Think about this process: If two integer variables are equal, set a string vari-
able to the string “equal”. Otherwise, set it to the string “not equal”.

In other words, suppose we have two integer variables, called first and
second. first has the value 10 in it, and second has the value 20 in it. We
also have a string variable called result. Now, to follow the little process
that we just described: Are the two variables equal? No, they are not, so we
set result to the string "not equal".

Now we do this in C++. Look carefully at the following code. First, we are
going to declare our variables first, second, and result:

int first = 10;
int second = 20;
string result;

So far, so good. Notice that we didn’t yet initialize the string variable
result. But now, we're going to write a single line of code that performs the
process we just described. First, look the following over, and see whether
you can figure out what it is doing. Look carefully at the variables and what
they may do, based on the process we described earlier. Then we explain
what the code does.

result = (first == second) ? "equal" : "not equal";

This is probably one of the more bizarre looking lines of C++ code you’ll see
in this book. First, we’ll tell you what it means. Then we’ll break it into parts
to show you why it means what it does.

In English, this means result will get "equal" if first is equal to second;
otherwise it will get "not equal".

So now, break it into two parts. A single equals sign indicates that the left

side, result, receives what is on the right side. So we need to figure out
that crazy business on the right side:

(first == second) ? "equal" : "not equal"
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When you see this strange setup, consider the question mark to be the
divider. The stuff on the left of the question mark is usually put in parenthe-
ses, as shown in the following:

(first == second)
This actually compares first to second and determines whether they
are equal. Yes, the code shows two equals signs. In C++, that’s how you test
whether two things are equal.
Now the part on the right of the question mark:
“equal" : "not equal”
This is, itself, two pieces divided by a colon. This means that if first is indeed
equal to second, result gets the string "equal". Otherwise, it gets the
string "not equal".
So take a look at the whole thing one more time:

result = (first == second) ? "equal" : "not equal";

And once again, consider what it means: If first is equal to second,
result gets "equal"; otherwise, it gets "not equal".

Remember that the storage bin on the left side of the single equals sign
receives what is on the right side. The right side is an expression, which
comes out to be a string of either "equal" or "not equal".

Now here’s the whole program in Listing 2-8.

Listing 2-8: Using the Conditional Operator to Do Comparisons

#include <iostream>

using namespace std;

int main{()

{
int first = 10;
int second = 20;
string result;

result = first == second ? "equal" : "not equal";
cout << result << endl;
return 0;
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- - = Chapter 2
Boolean variables and conditional operators

w
You can use Boolean variables with conditional bool isequal; e

operators. In a conditional operator such as isequal = (first == second);
result = (first == second) ? result = isequal ? "equal” o
"not equal"; @

"equal" "not equal";

the item (first == second) actuall The first line declares a Boolean variable o
- V' called isequal. The second line sets this +

works out to he a Boolean value, either true
or false. Therefore, you can break this code
up into several lines. We know: Breaking
something into several lines seems a little
backwards. The reason for breaking code into
lines is that sometimes, when you are pro-
gramming, you may have an expression that is
extremely complex, much more complex than
first == second. As you grow in your
C++ programming ability, you start to build
more complex expressions, and then you start
to realize just how complex they can become.
And often, breaking expressions into multiple
smaller pieces is more manageable.

To break this example into multiple lines, you
can do the following:

to the value first == second. Inother
words, if first is equal to second, then
isequal gets the value true. Otherwise,
isequal getsthe value false. In the third
line, result gets the value "equal" if
isequalis true;orresult getsthe value
"not equal"ifisequalis false.

The reason that this code works is that the
item on the left side of the question mark is a
Boolean expression, which is just a fancy way
of saying that the code requires a Boolean
value. Therefore, you can throw in a Boolean
variable if you prefer, because a Boolean vari-
able holds a Boolean value.

Telling the Truth with Boolean Variables

In addition to integers and strings, another type in C++ can be pretty useful.
This type is called a Boolean variable. Whereas an integer variable is a stor-
age bin that can hold any integer value, a Boolean variable can hold only one
of two different values, a true or a false. Boolean values take their name
from George Boole, the father of Boolean logic (you can read about him at
http://en.wikipedia.org/wiki/George_Boole).

The type name for a Boolean variable is bool. Therefore, to declare a
Boolean variable, you use a statement like this:

bool finished;
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This declares a Boolean variable called finished. Then, you can either put
a true or a false in this variable, as in the following:

finished = true;

finished = false;

When you print the value of a Boolean variable by using code like the
following

cout << finished << endl;

you see either a 1 for true or a 0 for false. The reason is that, deep down
inside, the computer stores a 1 to represent true and a 0 to represent
false.

Reading from the Console

Throughout this chapter and the preceding chapter, we have given many
examples of how to write information to the console. But just writing infor-
mation is sort of like holding a conversation where one person does all the
talking and no listening. Getting some feedback from the users of your pro-
grams would be nice. Fortunately, getting feedback is easy in C++.

Writing to the console involves the use of cout in a form like this:

cout << "hi there" << endl:

Reading from the console (that is, getting a response from the user of your
program) uses the cin (pronounced see-in, as in, “When | see out the door,
I'm a-seein’ the mountain from here™) object. Next, instead of using the goofy
looking << operator, you use the equally but backwardly goofy > operator.

The << operator is often called an insertion operator because you are writing
to (or inserting info) a stream, which is nothing more than a bunch of char-
acters going out somewhere. In the case of cout, those characters are going
out to the console. The >> operator, on the other hand, is often called the
extraction operator. The idea here is that you are extracting stuff from the
stream. In the case of cin, you are pulling letters from the stream that the
user is, in a sense, sending into your program through the console.

Listing 2-9 shows how you can read a string from the console.
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Listing 2-9: Using the Conditional Operator to Make Comparisons

#include <iostream>
using namespace std:

int main()
{
string name;
cout << *"Type your name: *;
cin >> name;
cout << "Your name is * << name << endl:
return 0;

}

When you run this code, you see the console ask you to type your name,
then it stops. That's because it's waiting for your input. Notice that the inser-
tion point appears immediately after “Type your name:". That's because the
first cout statement lacks the usual endl. It's normal to leave the insertion
point, the cursor, on the same line as the question to avoid confusing the
user. Type a name, such as Fred, without spaces and press Enter. The con-
sole then looks like this:

Type your name: Fred
Your name is Fred

The first line is the line you typed (or whatever name you chose to go by),
and the second line is what appears after you press Enter.

Notice what happened: When you typed a word and pressed Enter, the
computer placed that word in the name variable, which is a string. Then you
were able to print it to the console by using cout.

You can also read integers, as in the following code:

int x;
cin >> x;
cout << "Your favorite number is *" << x << endl:

This sample code reads a single integer into the variable x and then prints it
to the console.

By default, cin reads in characters from the console based on spaces. If you

put spaces in your entry, only the first word gets read. cin reads the second
word the next time the program encounters acin >>.
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Chapter 3: Directing Your
C++ Program Flow

In This Chapter

+» Comparing numbers and evaluating other conditions
+» Doing things based on a comparison

1 Repeating code a certain number of times

1 Repeating code while certain things are true

1+ Repeating code that repeats code that. . . well, you get the idea

A s you program in C++, many times you need to present the computer
with a choice, allowing it to do one thing for one situation and some-
thing else in another situation. For example, you may have a program that
asks for a user’s password. If the password is correct, the program contin-
ues; but if the password is incorrect, the program asks the user to reenter
the password. After some number of times, usually three, the program per-
forms yet another task when the user enters the incorrect password. Such
situations are called conditions. In the case of the password, the condition is
whether the password matches.

You may also encounter situations where you want several lines of code to
run over and over. These are called loops, and you can specify conditions
under which the loop runs. For example, you may want to check the pass-
word only three times; and if the user fails to enter it correctly on the third
time you may bar access to the system. This would be a loop, and the loop
would run under the condition that a counter has not exceeded the value of 3.

In this chapter, we take you through different ways to evaluate conditions
within your programs and cause different sections of code to run based on
those conditions. We talk about how you can use C++ commands called if
statements, which are very similar to what-if situations in real life. And we
show you how to use other C++ statements (such as do-while) to performs
loops (repeating the same program sections a number of times).

To make the explanations clear, this chapter gives you real-world examples
that you can feel free to incorporate into your life. The examples usually
refer to groups of friends and how you can get money from them. So, you
see, the benefits of this chapter are twofold: you find out how to program by
using conditions and loops, and you find out how to make money off your
unsuspecting friends.
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Doing This or Doing That

As you go through life, you're always faced with decisions. For example,
when you bought this book, you faced the following decision: Should [ buy
this really great For Dummies book where I'm sure to find out just what I
need to know, or should [ buy some other book?

When you are faced with a decision, you usually have options that offer
different results — say plan A and plan B. Making a decision really means
making a choice that results in the execution of either plan A or plan B. For
example, if you approach a stoplight that just turned yellow, you must either
slam on the brakes or nail the accelerator. If you slam on the brakes, the

car will stop just in time (you hope). If you nail the accelerator, the car will
speed up, and you’ll go sailing through the intersection just before the stop-
light turns red (right?). The choice is this: Should I press the brake or the
accelerator? And the plan looks like this:

If I press the brake, [ will stop just in time.

If I press the accelerator, [ will speed through the intersection.

Computers are faced with making decisions too, although their decisions are
usually a little less exciting and, we hope, don’t yield the possibility of police
interaction. And computer decisions are usually simpler in nature. That is, a
computer’s decisions usually focus around such issues as comparing num-
bers and strings of characters. For example, you may be writing a computer
program for a bank where the user of your program (that is, the bank cus-
tomer) has a choice of plan A: Making a Deposit or plan B: Receiving a Cash
Withdrawal. If the user chooses to make a deposit your program adds to the
balance the amount of the deposit. If the user chooses to make a withdrawal,
your program instead subtracts the withdrawal amount from the balance.

In C++, decisions usually take the form of an if statement, which is code that
starts with the if keyword followed by a condition, which is often a numeri-
cal condition wherein two numbers are compared, and then two blocks of
code appear: one that runs if the condition is satisfied and one that runs if it
is not.

Evaluating Conditions in C++

Most decisions that the computer makes are based on conditions evaluated
by comparing either two numbers or two characters. For numerical compari-
sons, you may compare a variable to a number, as in the following
statement:

x > 10
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This comparison evaluates whether the variable x is greater than the
number 10. If x is indeed greater than 10, the computer sees this condition
as true. If x is not greater than 10, the computer sees the condition as not
true.

We often use the word satisfied with conditions. For the conditionx > 10,
if x really is greater than 10, we say that the condition is satisfied. It’s kind
of like, “We're satisfied if our IRS tax refund is five figures.” For this, if the
condition is x > 9999, and if we really did get that much money back from
Uncle Sam, the condition is satisfied (and so are we).

For character comparisons, you may compare if two characters are equal or
not, as in the following statement:

mychar == ‘A’

This comparison evaluates whether mychar contains the letter A. Notice
that you use two equals signs, not just one. Using just one equals sign would
assign the value A to mychar.

To test whether the character is not equal to something, you use the some-
what cryptic-looking ! = operator. Think of the ! as meaning not, as in:

mychar '= ‘X’

Finding the right C++ operators

Each statement in the previous section uses an operator to specify what
comparison to make between the numbers or the strings. Table 3-1 shows
you the types of operators available in C++ and the comparisons that they
help you make in your programs.

Table 3-1 Evaluating Numerical Conditions

Operator What It Means

< Lessthan

<= Less than or equal to

> Greater than

>= Greater than or equal to
Equalto

I= Not equal to
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Some operators in this table — and how you use them — can be a bit annoy-
ing or downright frightening. The following list gives examples:

The operator that tests for equality is fwo equals signs. It looks like this:
x == 10
When the computer finds this statement, it checks whether x equals 10.

If you put just one equals sign in your statements, most C++ compilers
will not give you an error — though a statement like x = 10 is not really
a condition! Instead, x = 10 is an assignment, setting the variable x to
10. When code contains such a statement, the result of the evaluation is
always the same, regardless of what value x has.

The operator that tests for inequality is an exclamation mark followed
by an equals sign. For the condition x !'= 10, the condition evaluates as
true only if x is not equal to 10 (x is equal to something other than 10).

When you're testing for greater than or less than conditions, the condi-
tionx > 10 is not trueif x is 10. The condition x > 10 is true only if
x is actually greater than, but not equal to, 10. To also test for x being
equal to 10, you have two choices:

¢ If you're working with integers, you can test whether x > 9.In that
case, the condition is true if xis 10, or 11, or 12, and so on.

¢ You can use the greater-than-or-equal-to operator to x >= 10. This
condition also is true if xis 10, 11, and so on.

To test for all numbers greater than or equal to 10, the conditionx > 9
works only if you're working with integers. If you're working with float-
ing-point numbers (refer to Minibook I, Chapter 2, for information on the
types of numbers you can work with in C++), the statement x > 9 won't
work like you want. The number 9.1 is greater than 9, and it's not greater
than or equal to 10. So if you really want greater than or equal to and
you're not working with integers, use the >= operator.

Combining multiple evaluations

When you make evaluations for program decisions, you may have more
than one condition to evaluate. For example, you might say, “If | get a million
dollars, or if | decide to go into debt up to my eyeballs, then I will buy that
Lamborghini.” In this case, you would buy the car under two conditions, and
either can be true. Combining conditions like this is called an or situation: 1f
this is true or if that is true, something happens.

To evaluate two conditions together in C++, you write them in the same

statement and separate them with the or symbol (| |), which looks like two
vertical bars. Other programming languages get to use the actual word or,
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but C++ uses the strange, unpronounceable symbol that we call The Operator.
Previously Known as Or. The following statement shows it performing live:

(1 <10 [| i > 100)

This condition is not of much use. If you use the or operator (| |), acciden-
tally ending up with a condition that is always true is easy. For example, the
condition (x < 100 || x > 0) is always going to be true. When x is -50,
it's less than 100, so the condition is true. When x is 500, it's greater than 0,
so it's true.

In addition to an or situation, you can have something like this: “If | get a mil-
lion dollars and I really feel bold, then I will buy a Lamborghini.” Notice that
we're using the word and: In this case, you will do it only if both situations
are true. (Remember that with or, you will do it if either situation is true.) In
C++, the and operator is two ampersands, &&. This makes more sense than
the or operator, because the & symbol is often associated with the word and.
The and comparison in C++ looks like the following:

(i > 10 && i < 100)

This example checks whether a number is both more than 10 and less than
100. That would mean the number is in the range 11 through 99.

Combining conditions by using the && and | operators is a use of logical
operators.

To determine if a number is within a certain range, you can use the and oper-
ator (&&), as we did earlier in this chapter.

With the and operator, accidentally creating a condition that is never true
is easy. For example, the condition (x < 10 && x > 100) will never be
true. No single number can be both less than 10 and simultaneously greater
than 100.

Inctuding Evaluations in C++ Conditional Statements

Computers, like humans, evaluate conditions and use the results of the
evaluations as input for making a decision. For humans, the decision usually
involves alternative plans of action, and the same is true for computers. The
computer needs to know what to do if a condition is true and what to do if

a condition is not true. To decide a plan of action based on a condition that
your program evaluates, you use an i f statement, which looks like this:

if (x > 10)

{
cout << *Yuppers, it's greater than 10!*" << endl;

}
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This translates into English as: If x is greater than 10, write the message
"Yuppers, it's greater than 10!"

In an i f statement, the part inside the parentheses is called either the test or
the condition. We usually apply condition to this part of the if statement and
use the word test as a verb, as in “I will test whether x is greater than 10.”

In C++, the condition for an if statement always goes inside parentheses. If
you forget the parentheses, you get a compile error.

You can also have multiple plans of action. The idea is simply that if a condi-
tion is true, you will do plan A. Otherwise, you will do plan B. This is called
an ifelse block, which we discuss in the next section.

Deciding what if and also what else

When you are writing the code for a comparison, usually you want to tell the
computer to do something if the condition is true and to do something else
if the condition is not true. For example, you may say, “If I'm really hungry |
will buy the Biggiesupersizemondohungryperson french fries with my meal
for an extra nickel; otherwise, I'll go with the small.” In the English language,
you will often see this kind of logic with the otherwise word: If such-and-such
is true, | will do this; otherwise, | will do that.

In C++, you use the else keyword for the otherwise situation. It looks like the
following:

#include <iostream>
using namespace std;

int main{)
{
int i;

cout << *Type any number: *;
cin >> i;

if (i » 10)
{
cout << *It's greater than 10.* << endl;

}
else

{

cout << "It's not greater than 10.* << endl;

}

return 0;

In this code, you test whether a number is greater than 10. If it is, you
print one message. If it is not, you print a different message. Notice how the
two blocks of code are distinct. The first block immediately follows the if
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statement; it's the code that runs if the condition is true. The next block is
preceded by an else keyword, and it runs if the condition is not true.

Think carefully about your else situation when dealing with numbers. If you
are testing whether a number is greater than 10, for instance, and it turns
out that the number is not greater than 10, the tendency of most people is to
assume it must, therefore, be less than 10. But that's not true. The number 10
itself is not greater than 10, but it's not less than 10 either. So the opposite of
greater than 10 is simply not greater than 10. If you need to test the full range
of numbers using a simple i f statement, create an if statement that uses
either >= or <= (see Table 3-1 for a listing of operators).

Going further with the else and if

When you are working with comparisons, you often have multiple compari-
sons going on. For example, you may say, “If | go to Mars, 1 will look for a
cool red rock; otherwise, if I go to the moon, I will jump up really high; other-
wise, | will just look around wherever [ end up, but | hope there will be air.”

This type of sentence has several ifs in it; and in C++, the sentence looks like
the following:

#include <iostream>
using namespace std;

int main()
{

int i;

cout << °"Type any number: *
cin >> i;

if (i > 10)
{

cout << "It's greater than 10.° << endl;
}
else if (i == 10)
{

cout << *It's equal to 10* << endl;

}
else

{
cout << "It's less than 10.* << endl:

}

return 0;

Here you can see how we have several different conditions, and only one
can be true. The computer first checks to see if i is greater than 10. If i is
greater, the computer prints a message saying that i is greater than 10. But
if not, the computer checks to see whether i equals 10. If so, the computer
prints a message saying that i is equal to 10. Finally, the computer assumes
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that i must be less than 10, and it prints a message accordingly. Notice, for
the final e1se statement, we didn’t put a condition (and, in fact, you cannot
have a condition with e1se statements). But because the other conditions
failed, we know that i must be less than 10 by our careful logic.

Be careful when you are thinking through such if statements. You could
have a situation where more than one condition could occur. For example,
you may have something like this:

#include <iostream>
using namespace std:

int main()

{

int i;

cout << "Type any number: "
cin >> 1i;

if (1 > 100)

( cout << "It's greater than 100." << endl;
ilse if (i > 10)

( cout << "It's greater than 10" << endl;

)

else

{

cout <<
"It's neither greater than 100 nor greater than 10."
<< endl;

)

return 0;

Think about what would happen if i is the number 150. The first condition,
i > 100, is true. But so is the second condition, i > 10. 150 is greater than
100, and 150 is also greater than 10. So which block will the computer do? Or
will it do both blocks?

The computer only does the first condition that is satisfied. Thus, when i
is 150, the computer prints the message "It's greater than 100."
It does not print the other messages. In fact, the computer doesn’t even
bother checking the other conditions at that point. It just continues with
the program.
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Repeating Actions with Statements That Loop Book

Chapter 3

Suppose that you're writing a program that needs to add all the numbers
from 1 to 100. For example, you may want to know how much money you will

get if you tell 100 people, “give me one dollar more than the person to your sa
left.” With a mastery of copy and paste, you could do something like this § <«

<
int x = 1; me
X =X + 2; o
X =%+ 3; I
X =x + 4;

and so on untilyougettox = x + 100. As you can see, this code could
take a long time to type, and you would probably find it a tad frustrating,
too, no matter how quickly you can choose the Edit=>Paste command (or
press Ctrl+V). Fortunately, the great founders of the computer world recog-
nized that not every programmer is a virtuoso at the piano with flying fin-
gers and that programs often need to do the same thing over and over. Thus,
they gave us a really great tool called a for loop. A for loop does the same
piece of code over and over for a certain number of times. And that’s just
what you wanted to do in this example.

Loopmq srtunations

Several types of loops are available, and next you'll see how they work.
Which type of loop you use depends on the situation. We've already men-
tioned the first type, called a for loop. The idea behind a for loop is to have
a counter variable that either increases or decreases, and the loop runs as
long as the counter variable satisfies a particular condition. For example, the
counter variable might start at 0, and the loop runs as long as the counter is
less than 10. The counter variable increments each time the loop runs, and
after the counter variable is not less than 10, the loop stops.

But another way to loop is to simplify the logic a bit and say, “I want this
loop to run as long as some condition is true.” This is called a while loop,
and you simply specify a condition under which the loop continues to run.
When the condition is true, the loop keeps running. After the condition is no
longer true, the loop stops.

Finally, there’s a slight modification to the while loop called a do-while
loop. The do-while loop is used to handle one particular situation that
could arise. When you have a while loop, if the condition is not true when
everything starts, the computer will skip over the code in the while loop
and not even bother executing it. But sometimes you may have a situation
where you would want the code to always execute at least once. In that case,
you can use a do-while loop.
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Table 3-2 shows the types of loops. In the sections that follow, we show you
how to use these types of loops.

Table 3-2 Choosing Your Loops
Type of Loop Appearance

for for (x=0; x<10; x++) { }
while while (x < 10) { }
do-while do { } while (x < 10)

The following list describes the situations under which you may want these
loops.

4+ for loop: Use the for loop when you have a counter variable and you
want to loop while the counter variable increases or decreases over a
range.

4+ while loop: Use the while loop when you have a condition under
which you want your code to run.

4 do-while loop: Use the do-while loop when you have a condition
under which you want your code to run, and you want to ensure that the
loop always runs at least once, even if the condition is not satisfied.

Looping for

To use a for loop, you use the for keyword and follow it with a set of
parentheses that contains information regarding the number of times the
for loop executes.

For example, when adding the numbers from 1 to 100, you would want a
variable that starts with the number 1; then you would add 1 to x, increase
the variable to 2, and add the next number to x again over and over. The
common part here that doesn’t change each time is the “add it to x” part,
and the part that changes is the variable, called a counter variable.

The counter variable, therefore, starts at 1 and goes through 100. Does it
include 100? Yes. And with each iteration, you would add 1 to the counter
variable. Your for statement would look like this:

for (1 = 1; 1 <=100; i++)
This statement means that the counter variable, i, starts at 1, and the loop

runs over and over while i is less than or equal to 100. After each iteration,
the counter variable increments by 1 due to the i++ statement.
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The following list shows the different portions inside the parentheses of the
for loop:

4 The first portion is the initializer. You use it to set up the counter
variable.

4 The second portion is the condition under which the loop continues
to run.

4 The third portion is the finalizer. In it, you specify what happens after
each cycle of the loop.

Three items are inside the for loop, and you separate them with semico-
lons. If you try to use commas, your code will not compile.

Now this code we just showed you doesn't do anything for each iteration
other than add one to i. To tell the computer the work to do with each itera-
tion, follow the for statement with a set of braces containing the statements
you want to execute with each iteration. Thus, to add the counter variable to
X, you would do this:

for (i = 1; i <=100; i++)
{
X += 1i;

}

This would add i to x with each loop. Of course, we didn’t start x out with
anything in particular, so we should probably include that, too. Here's the
final thing, complete with the way to write the final value of x to the console
after the loop is finished:

#include <iostream>
using namespace std;

int main()
{
int x = 0;
int i;
for (i = 1; i <= 100; i++)
{
X += i;

}

cout << X << endl;
return 0;

}

Notice a few things about this block of code. First, we declared both vari-
ables that we're working with, x and i. Second, the for statement initializes
the counter variable, specifies the condition under which it continues run-
ning, and tells what to do after each iteration. In this example, the for loop
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starts with i = 1, and it runs as long as i is less than or equal to 100. For
each iteration, the computer adds the value of the counter to x; the process
that adds the value to x is the code inside the braces. Finally, the computer
adds 1 to x, which we specified as the third item inside the parentheses. The
computer does this part, adding 1 to x, only after it finishes the stuff inside
the braces.

Meddling with the middle condition

The middle portion of the for statement specifies a condition under which
to continue doing the stuff inside the for loop. In the case of the preced-
ing example, the conditionis i <= 100, which means the stuff inside the
braces continues to run as long as i is less than or equal to 100.

If you're familiar with other computer languages, the middle condition speci-
fies a condition under which to continue the loop, not a condition under
which to terminate the loop. Other languages will say do this until such-and-
such is true, but that is not the case in C++.

In our example, we want the loop to iterate for the special case where i is
100, which still satisfies the condition i <= 100. If we had instead said i
< 100, the loop would not have executed for the case where i is 100. The
loop would have stopped short of the final iteration. In other words, the
computer would only add the numbers 1 through 99. And if our friends are
gathering money for us, we would be cheated out of that final $100. And,
by golly, that could make the difference between whether we pay rent this
month or not.

The question of when the loop stops can get kind of confusing. If we had
gone crazy (but can we really go crazy since we're crazy to begin with?) and
said that we wanted to add the numbers | up fo but not including 100, we
would have wanted a condition such as i < 100. If we had just said up fo
100, it would not have been clear exactly which we wanted to do, include the
100 or not. If that had been the case and you were writing the program for
us, you would want to ask us for clarification. (Unless we're the 100th friend,
in which case we may get out of paying our dues.)

In the example we've been using, the condition i <= 100 and the condi-
tion i < 101 have essentially the same meaning. If our condition were i <
101, the program would operate the same. But the only reason that's true

is because we're working with integers counting up to and including 100. If
we were instead adding, for instance, floating-point numbers, and we incre-
mented the counter by 0.1 after each iteration, these two conditions (i <=
100and i < 101) wouldn't be the same. With i <=100, we would get up to
99.5, 99.6, 99.7, 99.8, 99.9, and finally 100, after which we would stop. But i <
101 would also include 100.1, 100.2, up to and including 100.9. You can see
they are not the same.
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Going backwards

If you need to count backwards, you can do that with a for loop as well. For
example, you may be counting down the number of days left before you get
to quit your job because you learned C++ programming and are moving on
to an awesome new job. Or you may be writing a program that can manipu-
late that cool countdown timer they show when the Space Shuttle launches.
Counting up just isn’t always the right action. It would be a bummer if every
day were one day longer before you get to quit your job and move to an
island. Sometimes counting backwards is best.

To count backwards, you set up the three portions of the for loop. The first
is the initial setup, the second is the condition under which it continues to
run, and the third is the action after each iteration. For the first portion, you
set the counter to the starting value, the top number. For the condition, you
check whether the number continues to be greater than or equal to the final
number. And for the third portion, you decrement the counter instead of
increment it. Thus, you would have this:

for (i=10; i>=5; i--)

This starts the counter variable 1 at 10. After each iteration, i becomes 1
less, and thus it moves to 9, then 8, then 7, and so on. And this process con-
tinues as long as 1 is at least 5. Thus, i will count 10,9, 8, 7, 6, 5. The whole
program might look like this:

#include <iostream>
using namespace std;
int main()
{
int i;
for (i=10; i>=5; i--)
{
cout << 1 << endl;

)

return 0;

When you run this code, you see the following output.
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Incrementing one step at a time

In our example, we declared the counter variable before the for loop.
However, you can actually declare the counter variable inside the loop, as in
for (int 1 = 0; i <= 100; i++).The end result is identical to declar-
ing the counter variable beforehand. You must declare the variable each
time you use it in a loop, as shown in the following example:

int x = 0;

for (int 1

{

0; 1 <= 100; i++)

x += 1i;

for (int 1

{

200; 1 <= 300; i++)

x += 1i;

In our earlier example under “Going backwards,” we were working with inte-
gers, and after each iteration we added 1 to the counter variable. But we can
do other things with each iteration. We already hinted that we could work
with floating-point numbers and add 0.1 with each iteration. To do this, we
can use a program like the following:

#include <iostream>
using namespace std;

int main()

{
double x
double i;

I
o
o

for (i = 0.0; 1 <= 100.0; 1i+=0.1)
{
x += 1;

)
cout << x << endl;

return 0;

Now notice the third item in the for statement, 1 += 0.1. Remember

that this item is the same as i = i + 0.1. Therefore, this third item is a
complete statement. A common mistake is to instead include just a partial
statement, as in i + 0.1.Unfortunately, some compilers allow that to get
through with only a warning. C++ is notorious for letting you do things that
really don’t make a whole lot of sense, but newer compilers tend to fix these
errors.

Yes, it’s true: The entire statement i = i + 1 is considered to have a side
effect. In medicine, a side effect is some extra little goodie you get when you
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take a pill the doctor prescribes. For example, to cure your headache with a
medicine, one side effect may be that you get severe abdominal pains — not
something you really want. But in computers, a side effect can be something
that you may want. In this case, we want the counter to get incremented.
The partial statement i + 0.1 just returns a value and doesn’t put it any-
where; that is, the partial statement doesn’t change the value of i — it has
no side effects. (If you try this at home by replacing one of the for loops in
the earlier examples with just i + 0.1, your loop will run forever until you
manually stop the program. The reason for this action is that the counter
always stays put right where it started, and it never increments. Thus the
condition i <= 100 will always be satisfied.)

The final portion of the for statement must be a complete statement in
itself. If the statement simply evaluates to something, it will not be used
in your for loop. In that case, your for loop can run forever unless you
stop it.

Getting sneaky (and too complicated)

If you need multiple counter variables, the for loop can handle it. Each
portion of the for statement can have multiple items in it, separated by
commas. For example, the following line of code uses two counter variables.
Look carefully at it because it’s a bit confusing. In fact, we're going to say a
little something about that shortly.

for (i = 0, §=10; i <=5, j <=20; i++, j=3j+2)
{

cout << i << " * << j << endl;

X += i + 7j;

}

To understand this, look at each portion separately. The first portion starts
the loop. Here, the code creates two counters, i and j — i starts at 0, and
j starts at 10.

So far, easy enough. The second portion says that the loop will run as long
as the following two conditions are true: i must be less than or equal to 5,
and j must be less than or equal to 20.

Again, not too bad. The final portion says what must happen at the end of
each iteration: i is incremented by 1, and j is incremented by 2.

And thus you have two counter variables. And it's not too bad, except . ..
imagine if we did something like this instead:

for (i = 0, §=20; i <=5, j >= 10 ; i++, j=j-2)
{

cout << i << " " << j << endl;

X += 1+ 3;
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If you look carefully, you'll notice that aside from i, j starts out at 20, the
loop runs as long as j is at least 10, and that with each iteration, 2 is sub-
tracted from j. In other words, j is counting down by 2s from 20 to 10.

But i is counting up from 0 to 5. Thus, we have two loops: one counting up
and one counting down. (Does it seem to you that just maybe we're starting
to make this a little confusing?)

But wait, there's more. If you think this is confusing, take a look at the follow-
ing gem, which we took great pride in putting together:

for (i=0, j=10; i<=5, j <=20 i++, j=j+2, cout<<i+j, x+=i+j)
{
}

If you type this, you can see that it does do something. But can you tell what
it does just by looking at it? Probably not. (If you can, that's probably not

a good thing either.) The truth is, this kind of code is just too complicated.
Best to stick to simpler code. Although you may know what this code means,
your coworkers will only get frustrated trying to decode it. And if you just
write code for fun at home, six months from now — when you go back and
look at this code — you might have trouble figuring it out yourself!

Putting too much inside the for statement itself is easy to do. In fact, if
you're really clever, you can put almost everything inside the for loop and
leave nothing but an empty pair of braces, as we did in our preceding exam-
ple. But remember, just because your code is clever doesn't mean that what
you did was the best way to do it. Instead, sticking to the common practice
of using only one variable in the for statement is a good idea (as is not
using multiple statements within each portion).

Keeping your programs clear so that other people can figure out what you
were trying to do when you wrote the code is always a good idea. Some people
seem to think that if they keep their programs complicated, they're guarantee-
ing themselves job security. Oddly, all the people we know like that tend to
leave their jobs and have trouble getting good references. (Imagine that!)

You may recall that with the ++, you can have both i++ and ++i. The first
is called a post-increment and the second is called a pre-increment. You may
be tempted to try something like this: for (int i = 0; i <= 5; ++i).
Although that looks cool and some people actually prefer it, the truth is that
it doesn't change anything. The ++1i still takes place at the end of the loop,
not at the beginning as you might hope. To me, that setup just makes code
confusing, so we use i++ in our for loops, and we avoid ++i.

Looping while
Often, you find that for loops only work so well. Sometimes, you don't want
a counter variable; you just want to run a loop over and over as long as a

www.it-ebooks.info


http://www.it-ebooks.info/

Repeating Actions ith Statements That Loop

certain situation is true. Then, after that situation is no longer the case, you Book |

want to stop the loop. Chapter 3
For example, instead of saying that you’'ll have 100 people line up and each =4
will give you one more dollar than the person to his or her left, you may say Je
that you will continue accepting money like this as long as they’re willing to % =
give it. E ‘i
In this case, you can see that the condition under which the thing continues 2o
to operate is the “as long as they’re willing to give it.” +

To do this in C++, you use a while statement. The while keyword is fol-
lowed by a set of parentheses containing the condition under which the
program is to continue running the loop. Whereas the for statement’s
parentheses include three portions that show how to change the counter
variable, the while statement’s parentheses contain only a condition.

For example, you may have

#include <iostream>
using namespace std;

int main()
(
int 1 = 0;
while (i <= 10)
{
cout << 1 << endl;
i++;

)
cout << "All Finished!"™ << endl;

return 0;

This code runs while 1 is less than or equal to 10. Thus, the output of this
program is

9
10
All Finished!
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The while loop is handy if you don't have a particular number of times you
need the loop to run. For example, let's consider a situation where your
application is reading data from the Internet. Unless you control the Internet
data source, you won't know how much data it can provide. (There are many
other situations where you don't know how much data to read, but Internet
applications commonly experience this problem.) Using a while loop, the
code can continue reading data until your application has read it all. The
Internet data source can simply stream the data to your application until the
data transfer is complete.

Often, for this kind of situation, we make a Boolean variable called done, and
we start it out as false. My while statement is simply

while (!done)

This translates easily to English as while not done do the following. Then,
inside the while loop, when the situation happens that we know the loop
must finish (such as the Internet data source has no more data to read),
we set

done = true;

For example, the following would do this sort of process:

#include <iostream>
using namespace std;

int main()

{
int i = 0;
bool done = false;

while (!done)
{
cout << i << endl;
id++;
if (i == 10)
done = true;
)

cout << "All Finished!" << endl;
return 0;

}

In the case of the Internet data example, after you encounter no more data,
you would set done to true. In the case of your friends giving you money,
after one of them refuses, you would set done to true.

If you have worked in other languages, you may have come across the notion
of while loops always executing at least once. This is not the case in C++.

If the condition in the while statement evaluates to false, the while loop
will not execute at all.
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Doing while

The while statement has a cousin in the family called the do-while state-
ment. A loop of this form is very similar to the while loop, but with an inter
esting little catch: The while statement goes at the end. It looks like this:

#include <iostream>
using namespace std;

int main{()

{
int i = 0;

do

{
cout << i << endl;
id4;

}

while (i <= 10);

cout << ®"All Finished!" << endl;

return 0;
}

Notice here that the loop starts with the do keyword, then the material for
the loop follows inside braces, and finally the while statement comes at the
end. The idea is that you're telling the computer do this while such-and-such
is true, where this is the stuff inside braces and the such-and-such is the con-
dition inside parentheses.

The do-while loop has one important caveat: Unlike the while loop, the
do-whi le loop always runs at least once. In other words, even if the condi-
tion isn’t satisfied the first time you run the loop, it runs anyway. That can
be a problem sometimes, and if you don't want that behavior, you should
consider using a while loop instead of a do-while loop.

Breaking and continuing

Sometimes, you may write a program that includes a loop that does more
than just add numbers. You may find that you want the loop to end under a
certain condition that's separate. Or you may want the loop to suddenly skip
out of the current loop and continue with the next item in the loop. When
you stop a loop and continue with the code after the loop, you use a break
statement. When you quit the current cycle of the loop and continue with
the next cycle, you use a continue statement. The next sections show you
how to do this.

Breaking

For example, you may be writing a program that reads data over the
Internet, and the loop runs for the amount of data that's supposed to come.
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But midway through the process, you may encounter some data that has an
error in it, and you may want to get out of the for loop immediately.

C++ includes a handy little statement that can rescue you in such a situation.
The statement is called break. Now nothing actually breaks, and it seems a
bit frightening to write a program that instructs the computer to break. But
this use of the term break is more like in break out of prison than break the
computer. But instead of breaking out of prison, it breaks you out the loop.
This can be any kind of loop — a for loop, a while loop, or a do-while
loop.

The following code demonstrates this. This sample actually just checks for
the special case of i being 5. We could have accomplished the same thing
by simply changing the end condition of our for loop, but at least it shows
you how the break statement works.

#include <iostream>
using namespace std;

int main()
{
int i;
for (i=0; i<10; i++)
{
cout << i << * *;
if (i == 5)
{
break;

}
cout << i * 2 << endl;

}
cout << "All Finished!" << endl;

return 0;

}

In the preceding code, the first line inside the for loop, cout << i << "

" ;,runs when i is 5. But the final line in the for loop, cout << i * 2 <<
end] ;, does not run when i is 5 because we told it to break out of the loop
between the two cout statements.

Also notice that when you break out of the loop, the program does not quit.
It continues with the statements that follow the loop. In this case, it still
prints the message, "A11 Finished!

! You can actually leave the second portion of the for statement (the condi-
tion) empty by just putting a blank between the spaces. Then, to get out of
the loop, you can use a break statement. However, doing this makes for
messy code. And treat messy code like a messy house: Although sometimes
we don't mind, the truth is that most people really don’t care for a messy
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house. And you really don’t want other people to see your messy house —
or your messy code. Yes, as a programmer, sometimes being a little self-
conscious is a good thing.

Continuing

In addition to the times when you may need to break out of your loop for a
special situation, you can also cause the loop to end its current iteration; but
instead of breaking out of it, the loop resumes with the next iteration.

For example, you may be, again, reading data from over the Internet, and
you are doing this by looping a specified number of times. In the middle of
the loop, you may encounter some bad data. But instead of quitting out of
the loop, you may want to just ignore the current piece of bad data and then
continue reading more data.

To do this trick, you use a C++ statement called continue. The continue
statement means end the current iteration but continue running the loop with
the next iteration.

The following code is a slightly modified version of the previous example
in the section called “Breaking.” When the loop gets to 5, it doesn’t do the
second cout line. But instead of breaking out of the loop, it continues with
6, then 7, and so on until the loop finishes on its own.

#include <iostream>
using namespace std;

int main()

{
int i;
for (i=0; 1<10; i++)
{
cout << i << " "
if (1 == 5)
{
cout << endl;
continue;

)

cout << 1 * 2 << endl;

cout << "All Finished!" << endl;

return 0;

Nesting loops
Many times, you need to work with more than one loop. For example, you
may have several groups of friends, and you want to bilk the individual
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friends of each group for all you can get. You may host a party for the first
group of friends and make them each give you as much money as they have.
Then, the next week, you may hold another party with a different group of
friends. You would do this for each group of friends. Oh wait, we just said
the word for, so that’s probably what we’re onto with this.

We could draw out the logic like this:

For each group of friends,
for each person in that group
bilk the friend for all he or she is worth

This is called a nested loop. But if you do this, don’t be surprised if this is
the last time your friends visit your nest.

A nested loop simply means a loop inside a loop. Because computers aren’t
good at making friends, although they can be used to bilk people, we'll use
an example that’s a bit nicer: Suppose you want to multiply each of the num-
bers 1 through 10 by 1 and print the answer of each multiplication, and then
you want to multiply each of the numbers 1 through 10 by 2 and print the
answer of each multiplication, and so on, up to a multiplier of 10. Your C++
code would look like the following.

#include <iostream>
using namespace std;

int main()

{

int x,y;

for (x = 1; x <= 10; X++)

{
cout << "Products of " << x <<endl;
for (y = 1; y <= 10; y++)
{

cout << x * y << endl;

)

cout << endl;

)

return 0;

In this example, we simply have a loop inside a loop. The inner loop can
make use of the counter variable from the outer loop. Beyond that, nothing
is magical or bizarre about this kind of thing. It’s just a loop inside a loop.
And yes, you can have a loop inside a loop inside a loop inside a loop. You
can also have any loop inside any other loop, like a while loop inside a for
loop.
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And notice that we have stuff going on outside the inner loop, but inside the
outer loop. That is, we have a cout calls before and after the inner loop. You
can do this; your inner loop need not be the only thing inside the outer loop.

Although you can certainly have a loop inside a loop inside a loop inside

a loop, the deeper you get, the more potentially confusing your code can
become. It's like the dozens of big cities in America that are promising to
build an outer loop. Eventually, that outer loop won't be big enough, so the
cities have to build yet another and another. That's kind of a frightening
prospect, so try not to get carried away with nesting.

If you put a break statement or a continue statement inside a nested loop,
the statement applies to the innermost loop it sits in. For example, the fol-
lowing code contains three loops: an outer loop, a middle loop, and an inner
loop. The break statement applies to the middle loop.

#include <iostream>
using namespace std;

int main{()

{

int x,vy,z;

for (x = 1; x <= 3; xX++)
{
for (y = 1; y < 3; y++)
{
if (y == 2)
break;
for (z = 1; z < 3; z++)
{
cout << X << " " << y;
cout << * " << z << endl;

}

return 0;

You can see that when y is 2, the for loop with the y in it breaks. But the
outer loop continues to run with the next iteration.
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Chapter 4: Dividing Vour
Work with Functions

In This Chapter

+»# Calling a function

1+~ Passing things, such as variables
»* Writing your own great functions
+» Fun with strings

»* Manipulating main

pe()ple generally agree that most projects throughout life are easier
when you divide them into smaller, more manageable tasks. That’s also
the case with computer programming. If you break your code into smaller
pieces, it becomes more manageable.

C++ provides many ways to divide code into smaller portions. One way is
through the use of what are called functions. A function is a set of lines of
code that performs a particular job.

In this chapter, we show you what functions are and how you can use them
to make your programming job easier.

Dividing Your Work

If you have a big job to do that doesn’t involve a computer, you can divide
your work in many ways. Over the years of studying process management,
people have pretty much narrowed division of a job down to two ways:
using nouns and using verbs.

Yes, that's right. Back to good old Fnglish class, where we all learned about
nouns and verbs. The idea is this: Suppose that we're going to go out back
and build a flying saucer. We can approach the designing of the flying
saucer in two ways.

www.it-ebooks.info


http://www.it-ebooks.info/

84

Dividing Your Work

First, we could just draw up a plan of attack, listing all the steps to build the
flying saucer from start to finish. That would, of course, be a lot of steps. But
to simplify it, we could instead list all the major tasks without getting into
the details. It might go something like this:

1. Build the outer shell.

2. Build and attach the engine.
That’s it. Only two steps. But when you hire a couple dozen people to do
the grunt work for you while you focus on your daytrading, would that be
enough for them to go on? No, probably not. Instead, you could take these
two tasks and divide them into smaller tasks. For example, Step 2 might look
like this:

2a. Build the antigravity lifter.

2b. Build the thruster.

2¢. Connect the lifter to the thruster to form the final engine.

2d. Attach the engine to the outer shell.
That’s a little better; it has more detail. But, it still needs more. How do
we do the Build the antigravity lifter part? That’s easy, but it requires more
detail, as in the following:

2aa. Unearth the antigravity particles from the ground.

2ab. Compress them tightly into a superatomizing conductor.

2ac. Surround with coils.

2ad. Connect 9-volt battery clip to the coils.
And, of course, each of these requires even more detail. Eventually, after you
have planned the whole thing, you will have many, many steps, but they will
be organized into a hierarchy of sorts, as shown in Figure 4-1. In this draw-

ing, the three dots represent places where other steps go, but we chose to
leave them off so the diagram could fit on the page.

This type of design is called a top-down design. The idea is that you start at
the uppermost step of your design (in this case, Build flying saucer) and con-
tinue to break the steps into more and more detailed steps until you have
something manageable. For many years, this was how computer program-
ming was taught.
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can be
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Although this process works, people have found a slightly better way. First,
before breaking the steps (which are the verbs), you divide the thing you're
building into parts (the nouns). In this case, we kind of did that already in
the first two steps. But instead of calling them steps, we call them objects:
One object is the outer shell, and one object is the engine. This way, two dif-
ferent factories can work on these in sort of a division of labor. Of course,
the factories would have to coordinate their activities; otherwise, the two
parts may not fit together when they’re ready to go. And before figuring

out exactly how to build each of these objects, it would be a good idea to
describe each object: What it does, its features, its dimensions, and so on.
Then, when we finally have all that done, we can list the exact features and
their details. And finally, we can divide the work with each person designing
or building a different part.

As you can see, this second approach makes more sense. And that’s the way
programmers divide their computer programs. But at the bottom of each
method is something in common: The methods are made of several little
processes. These processes are called functions. When you write a computer
program, after you divide your job into smaller things called objects, you
eventually start giving these objects behaviors. And to code these behaviors,
you do just as we did in the first approach: You break them into manageable
parts, again, called functions. In computer programming terms, a function is
simply a small set of code that performs a specific task. But it’s more than
that: Think of a function as a machine. You can put one or more things into
the machine; it processes them, and then it spits out a single answer, if any-
thing at all. One of the most valuable diagrams we have seen draws a func-
tion in this manner, like a machine, as shown in Figure 4-2.
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Figure 4-2:
You can
think of a
function as
a machine.

1.

-  ——— Possibly one
— — item comes
Data goes ( l - out, orno
into function - item's come
( l ) out.

This machine (or function) has three main parts:

4+ Inputs: The function can receive data through its inputs. These data ele-
ments can be numbers, strings, or any other type. When you create such
a machine, you can have as many inputs as you want (or even zero if
necessary).

4 Processor: The processor is the function itself. In terms of C++, this is
actually a set of code lines.

4+ Output: A function can refurn something when it has finished doing its
thing. In C++, this is in the form of numbers, strings, or any other type.

To make all this clear, try out the code in Listing 4-1. (Don't forget the
second line, #include <math.h>, which gives you some math capabilities.)

Listing 4-1: Seeing a Function in Action

#include <iostream>
#include <math.h>

using namespace std;

int main()

{
cout << fabs{-10.5) << endl;
cout << fabs({10.5) << endl;
return 0;

}

When you run this program, you see the following output:
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In this code, you used a function or machine called fabs (usually pro-
nounced ef-abs for floating-point absolute). This function takes a number as
input and returns as output the absolute value of the number. Remember
that the absolute value of a number is simply the positive version of the
number. The absolute value, for example, of -5 is simply 5. The absolute
value of 12 is still 12. An absolute value is always positive. And the absolute
value of 0 is 0. (The reason for the f before the name abs is that it uses float
ing-point numbers, which are simply numbers with decimal points.)

So the first line inside main calls fabs for the value =10.5. The cout then
takes the output of this function (that is, the result) and prints it to the
console.

Then the second line does the same thing again, except it takes the absolute
value of the number 10.5.

And where is the processor for this function? It’s not in your code; it’s in
another file, and the following line ensures that your program can use this
function:

#include <math.h>

You have seen functions in many places. If you use a calculator and enter a
number and press the square root button, the calculator runs a function that
calculates the square root.

But functions can be more sophisticated than just working with numbers.
Consider this carefully: When you are using a word processor and you high-
light a word and do a spelling check on the word, the program calls a func-
tion that handles the spelling check. This function does something like the
following:

This is a function to check the spelling of a single word.
Inputs: A single word.
Look up the word
If the word is not found
Find some suggestions.
Open a dialog box through which you (the user)
can change the word by either typing a new word
or picking one of the selections, or just leaving
it the same.
If you made a change,
Return the new spelling.
Otherwise
Return nothing.
Otherwise
Return nothing

Notice how we grouped the i f statements with indentations. The final oth-

erwise goes with the first i f statement because its indentation matches
that of the if statement.
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So that's a function that performs a spelling check. But consider this: When
you do not highlight a word but run the spelling checker, the spelling
checker runs for the whole document. That’s another function. Here it is.

This is a function to check the spelling of the entire document
For each word in the document
Check the spelling of the single word

How does the computer do the step inside the for loop, Check the spelling
of the single word? It calls the function we described earlier. This process is
called code reuse. We have no reason to rewrite the entire function again if
we already have it somewhere else. And that's the beauty of functions.

Calling a Function

S

When you run the code in a function, computer people say you are calling
the function. And just like every good person, a good function has a name.
When you call a function, you do so by name.

Often, when we're writing a program and write code to call a function, we
will say that We are calling a function. This is just partly computerspeak, and
partly a strange disorder in which we computer programmers start to relate
just a little foo much with the computer.

To call a function, you type its name and then a set of parentheses. Inside
the parentheses, you list the items you want to send to the inputs of the
function. The term we use here is pass, as in you pass the values to the
function.

For example, if you want to call the fabs function, you type the name, fabs,
an open parenthesis, the number you want to pass to it, and then a close
parenthesis, as in the following:

fabs(-10.5)

But by itself, this does not do anything. The fabs function returns a value —
the absolute value of -10.5, which comes out to be 10.5 — and you probably
want to do something with that value. You could, for example, print it to the
console:

cout << fabs(-10.5) << endl:

Or you could store it away in another variable. But there’s a catch. Before
you can do that, you need to know the type the function returns. Just as with
variables, function return values have a type. In this case, the type is a spe-
cial type called double. The double type is a floating-point type that can
hold many digits in a single number. To save the result of fabs, you need to
have a variable of type double. The code in Listing 4-2 does this.
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Listing 4-2: Seeing Another Function in Action

#include <iostream>
#include <math.h>

using namespace std;

int main()

{
double mynumber;
mynumber = fabs(-23.87);
cout << mynumber << endl
return 0;

This code declares a double variable called mynumber. Then it calls fabs,
passing it —23.87, and returning the value into mynumber. Next it prints the
value in mynumber out to the console.

When you run this program you see the following, which is the absolute
value of —23.87.

23.87

Passing a variable

You can also pass the value of a variable into a function. The code in Listing
4-3 creates two variables; one is passed into the function, and the other
receives the results of the function.

Listing 4-3: Seeing Yet Another Function in Action

#include <iostream>
#include <math.h>

using namespace std;

int main()

{
double start;
double finish;

start = -253.895;
finish = fabs(start);

cout << finish << endl;
return 0;

(We separated the parts of the code with blank lines to make it a little easier
to follow.) This code first creates two variables; the first is called start,
and the second is called finish. It then initializes start with a value of
—253.895. Next, it calls fabs, passing it the value of start. It saves the return
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value in the finish variable, and it finally prints the value in finish. When
it runs, you see the following appear on the console:

253.895

Saving a function result to a variable is useful if you need to use the result
several times over. For example, if you need the absolute value of -253.895
for whatever reason and then a few lines later you need it again, you have

a choice: You can either call fabs (-253.895) each time or you can call it
once, save it in a variable, and then use the variable each time you need it.
The advantage to saving it in a variable is that if you later, for example, say,
“Oh wait! | didn't just want the absolute value! | wanted the negative of the
absolute value!” you only have to change one line of code — the line where
it calls fabs. If, instead, you had called fabs several times, you would have
had to change it every time you called it. And by the way, in case you're curi-
ous about how to take the negative of the absolute value and store it in a
variable, you just throw a minus sign in front of it, like so:

finish = -fabs(start);

Passing multiple variables

Some functions like to have all sorts of goodies thrown their way, such as
multiple parameters. As with functions that take a single value, you put the
values inside a single set of parentheses. Because you have multiple values,
you separate them with commas. Listing 44 uses a function called pow to
calculate the third power of 10. (That is, it calculates 10 times 10 times 10.
Yes, POW!). Make sure that you include the math.h line in the includes sec-
tion so that you can use the pow function.

Listing 4-4: Seeing Yet One More Function in Action

#include <iostream>
#include <math.h>

using namespace std;

int main()
{
double number = 10.0;
double exponent = 3.0;
cout << pow{number, exponent) << endl;
return 0;
}

When you run the program, you see 10 to the third power, which is 1,000:

1000
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You can also pass a mixture of variables and numbers, or just numbers. The Book |
following code snippet also calculates the third power of 10 but passes an Chapter 4
actual number, 3.0, for the power.
o

double number = 10.0; g E_
cout << pow(number, 3.0) << endl; = =

e

5o
Or you can pass only numbers: o

2s
cout << pow(10.0, 3.0) << endl; ©¥ o

Writing Your. Own Functions

And now the fun begins! Calling functions is great, but you get real power
(ooh!) when you write your own specialized functions. Before writing a func-
tion, remember the parts: the inputs, the main code or processor, and the
single output (or no output). The inputs, however, are actually called param-
eters, and the output is called a return value.

Listing 4-5 shows both a custom function and code in main that calls the
custom function. (The function goes outside main — before it, in fact.)

Listing 4-5: Writing Your Very Own Function

#include <iostream>

using namespace std;

int AddOne(int start)

{
int newnumber;
newnumber = start + 1;
return newnumber;

int main()

(

int testnumber;
int result;

testnumber = 20;
result = AddOne(testnumber);

cout << result << endl;
return 0;

After you get all this typed in and your fingers are feeling nice and exercised,
go ahead and run it. Because there’s a good bit of code, you may get some
compiler errors at first; look carefully at the lines with the errors and find
the difference between your code and what’s here in the book.
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After you run it, you see

Now before we explain the code for the function, we'll save the fun for last.
Take a look at these three lines of main:

testnumber = 20;
result = AddOne(testnumber);
cout << result << endl;

You can probably put together some facts and determine what the function
does. First, we called it Addone, which is a pretty good indication in itself.
Second, when you ran the program, the number 21 appear on the console,
which is one more than the value in testnumber; it added one. And that, in
fact, is what the function does. It's amazing what computers can do these days.

When you write your own functions, try to choose a name that makes sense
and describes what the function does. Writing a function and calling it some-
thing like process or TheFunction is easy, but those names do not accu-
rately describe the function.

So now take a look at the function itself. First, here are a few high-level
observations about it:

4+ Position: The function appears before main. Because of the way the
compiler works, it must know about a function before you call it. And
thus, we put it before main. (You can do this in another way, which we
discuss in “Forward references and function prototypes,” later in this
chapter.)

4+ Format: The function starts with a line that seems to describe the func-
tion (which we explain later in this section), and then it has an open
brace and, later, a closing brace.

4+ Code: The function has code in it that is just like the type of code you
could put inside a main.

After noting these high-level things, take a look at the code inside the func-
tion. The first part of it looks like this:

int newnumber;
newnumber = start + 1;

So far, this is pretty straightforward. It declares an integer variable called
newnumber. Then it initializes it to start plus one. But what is start?
That's one of the inpuls.

Finally, this line is at the end of the function, before the closing brace:

return newnumber;

www.it-ebooks.info


http://www.it-ebooks.info/

Writing  our Own Functions

This is the output of the function, or the return value. When you want to
return something from a function, you just put the word return and then
indicate what you want to return. From the preceding two lines, you can

see that newnumber is one more than the number passed into the function.
So this line returns the newnumber. Thus, we have covered all three parts:
We have taken the input or parameter; we have processed it by creating a
variable and adding one to the parameter; and we have returned the output,
which is one more than the parameter.

But what is the parameter? It’s called start. And where did that come from?
Here’s the very first line of the function:

int AddOne(int start)

The stuff in parentheses is the list of parameters. Notice that it looks just like
a variable declaration; it’s the word int (the type, or integer) followed by a
variable name, start. That’s the parameter — the input — to the function,
and you can access this parameter throughout the function by simply using
avariable called start.

We think that’s rather ingenious, if we do say so ourselves. Okay, so we
didn’t invent it, but nevertheless, we think it’s ingenious: You can use the
input to the function as a variable itself.

And so, if down in main we had written

result = AddOne(25);
then throughout the function, the value of start would be 25.

But if we had written

result = AddOne(152);
then throughout the function, the value of start would be 152.

But here’s the really great thing about functions. Or, at least, one of the
loads of really great things about functions! We can call the function several
times over. In the same main, we can have the following lines

cout << AddOne(100) << endl;
cout << AddOne(200) << endl;
cout << AddOne(300) << endl;

which would result in this output:

101
201
301
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Arguing over parameters

Technically, the term parameter refers strictly
to the inputs to the function, from the func-
tion’s perspective. When you call the function,
the things you place in parentheses in the call
line are not called parameters; rather, they are
called arguments. Thus, in the following func-
tion header the variables first and last

are parameters. But in the following call to this
function

ConnectNames (*Bill", "Murray")

the strings "Bill" and "Murray" are argu-
ments of the call.

In the first call to Addone, the value of start would be 100. During the
second call, the value would be 200, and during the third call, it would

be 300.

Now take another look at the header:

int AddOne(int start)

The word Addone is the name of the function, as you probably figured out
already. And that leaves that thing at the beginning, the int. That’s the type
of the return value. The final line in the function before the closing brace is

return newnumber;

The variable newnumber inside the function is an integer. And the return
type is integer. That's no accident: As we've all heard before, friends don’t
let friends return something other than the type specified in the function
header. The two must match in type. And further, take a look at this line

from inside main:

result = AddOne(testnumber) ;

What type is the result variable? It's also an integer. All three match.
Again, no accident. You can copy one thing to another (in this case the func-
tion's return value to the variable called result) only if they match in type.
And here, they do. They're both integers.

And notice one more thing about the function header: It has no semicolon
after it. This is one of the places you do nof put a semicolon. If you do, the
compiler gets horribly confused. The CodeBlocks compiler shows an error
that says, “error: expected ungualified-id before '{' token.”

Here's a recap of some of the rules we just mentioned regarding functions:

4+ Header line: The header line starts with a value for the return type, the
name of the function, and the list of parameters.
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4+ Parameters: The parameters are written like variable declarations, and
indeed, you can use them as variables inside the function.

4 Return type: Whatever you return from the function must match in type
with the type you specified in your function header.

More on format: The function header does not have a semicolon after it.

+

4+ Even more on format: After the function header, you use an open brace.
The function ends with a closing brace. The final brace tells the com-
piler where the function ends.

Finally, ponder this line of code for a moment:

testnumber = AddOne (testnumber) ;

This takes the value stored inside testnumber, passes it into 2ddone, and
gets back a new number. It then takes that new number and stores it back
into testnumber. Thus, testnumber’s value changes based on the results
of the function Addone.

Multiple parameters or no parameters

You don’t need to write your functions with only one parameter each. You
can have several parameters, or you can have none at all. It may seem a little
strange that you would want a function — a machine — that takes no inputs.
But you may run into lots of cases where this may be a good idea. Here are
some ideas:

4+ Day function: This would be a function that figures out the day and
returns it as a string, as in "Monday" or "Tuesday".

4 Number-of-users function: This could be a function that figures out the
current number of users logged into a Web-server computer.

4 Current font function: This function would be in a text editor program
(such as Notepad) and would return a string containing the current font
name, such as "Arial".

4+ Editing time function: This function would return the amount of time
you have been using the word processor program.

4+ Username function: If you are logged onto a computer, this function
would give back your username as a string, such as "Elisha".

All the functions in this list have something in common: They look some-
thing up. Because no parameters are in the code, for the functions to pro-
cess some information, they have to go out and get it themselves. It’s like
sending people out into the woods to find food but not giving them any
tools: It’s totally up to them to do it, and all you can do is sit back and watch
and wait for your yummy surprise.
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If a function takes no parameters, you write the function header as you
would for one that takes parameters, and you include the parentheses; you
just don’t put anything in the parentheses, as Listing 4-6 shows. So if noth-
ing good is going in, there really can be something good coming back out, at
least in the case of a function with no parameters.

Listing 4-6: Taking No Parameters

#include <iostream>
using namespace std:

string Username()

{

return "Elisha";

int main()

{
cout << Usgername() << endl;
return 0;

When you run Listing 4-6, you see the following output:

Elisha

Your function can also take multiple parameters. Listing 4-7 shows this.
Notice that the function, ConnectNames, takes the two strings as param-
eters and combines them, along with a space in the middle. Notice also that
the function uses the two strings as variables.

Listing 4-7: Taking Multiple Parameters

#include <iostream>
using namespace std;

string ConnectNames (string first, string last)

(

return first + " " + last;

)

int main()

{
cout << ConnectNames ("Richard", "Nixon") << endl;
return 0;

)
In the function header in Listing 4-7, we had to put the type name string

for each parameter. If we only listed it for the first, we would get a compile
error. (Okay, we admit it — we did forget it, and that’s how we remembered
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to tell you. But that shows that even experienced programmers came make
mistakes. Occasionally.)

Now here are some points about this code:

4+ We didn’t create variables for the two names in main. Instead, we just
typed them as string constants (that is, as actual strings surrounded by
quotes).

4 You can do calculations and figuring right inside the return statement.
That saves the extra work of creating a variable. In the function, we
could have created a return variable of type string, setitto first +
" " + last, and then returned that variable, as in the following code:

string result = first + " " + last;
return result;

But instead, we chose to do it all on one line, as in this:

return first + " " + last;

Although you can save yourself the work of creating an extra variable and
just put the whole expression in the return statement, sometimes this is a
bad thing. If the expression is really long like the following

return (mynumber * 100 + somethingelse / 200) *
(yetanother + 400 / mynumber) / (mynumber + evenmore);

then it can get just a tad complicated. Breaking it into variables, such as this,
is best:

double a = mynumber * 100 + somethingelse / 200;
double b = yetanother + 400 / mynumber;

double ¢ = mynumber + evenmore;

return a * b / ¢;

Returning nothing

In the preceding section, “Multiple parameters or no parameters,” we pre-
sented a list of functions that take no parameters; these functions go and bring
back something, whether it’s a number, a string, or some other type of food.

One such example gets the username of the computer you're logged into.
But what if you are the great computer guru, and you are writing the pro-
gram that actually logs somebody in? In that case, your program doesn’t
ask the computer what the username is — your program tells the computer
what the username is, by golly!

In that case, your program would call a function, like SetUsername, and

pass the new username. And would this function return anything? It could;
it could return the name back, or it could return a message saying that the
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username is not valid or something like that. Or, it may not return anything
at all.

Take a look at the case where a function doesn't return anything at all. In
C++, the way you state that the function doesn't return anything is by using
the word void as the return type in the function header. Listing 4-8 shows
this.

Listing 4-8: Returning Nothing at All

#include <iostream>
using namespace std;

void SetUsername({string newname)

{
cout << "New user is " << newname << endl;

}

int main()

{
SetUsername(*Harold");
return 0;

}

When you run the program, you see

New user is Harold

Notice the function header: It starts with the word void, which means that
it returns nothing at all. It's like in outer space: There's just a big void with
nothing there, and nothing is returned, except for static from the alien air-

waves, but we won't go there. Also notice that, because this function does

not return anything, there is no return statement.

Now, of course, this function really doesn’t do a whole lot other than print
the new username to the console, but that's okay; it shows you how you can
write a function that does not return anything.

A function of return type void returns nothing at all.

Do not try to return something in a function that has a return type of void.
Void means the function returns nothing at all. If you try to put a return
statement in your function, you get a compile error.

Keeping your variables local

Everybody likes to have their own stuff, and functions are no exception.
When you create a variable inside the code for a function, that variable will
be known only to that particular function. When you create such variables,
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they are called local variables, and people say that they are local to that par-
ticular function. (Well, computer people say that, anyway.)

For example, consider the following code:

#include <iostream>
using namespace std;
void PrintName(string first, string last)

string fullname = first + * * + last;
cout << fullname << endl;

}

int main()
{

PrintName (*Thomas®, *Jefferson®);
return 0;
}

Notice in the PrintName function that we declared a variable called
fullname. We then use that variable in the second line in that function,
the one starting with cout. But we cannot use the variable inside main.
If we try to, as in the following code, we would get a compile error:

int main()

{
PrintName (“Thomas*, *Jefferson®);
cout << fullname << endl;
return 0;

However, we can declare a variable called fullname inside main, as in the
following code. But, if we do that, this ful 1name is local only to main, while
the other variable, also called fullname, is local only to the PrintName
function. In other words, each function has its own variable; they just
happen to share the same name. But they are two separate variables.

int main()

{
string fullname = ®*Abraham Lincoln®;
PrintName (“Thomas*, “Jefferson®);
cout << fullname << endl;
return 0;

When two functions declare variables by the same name, they are two sepa-
rate variables. If you store a value inside one of them, the other function will
not know about it. The other function only knows about its own variable by
that name. Think of it the way two people could each have a storage bin in
the closet labeled “tools.” If Sally puts a hammer in her bin labeled “tools”
and Hal opens another bin also labeled “tools™ at his house, he won't see the
very same hammer in Sally's bin, will he? We hope not, or something is seri-
ously awry in the universe. With variables it works the same way.

www.it-ebooks.info

Book |
Chapter 4


http://www.it-ebooks.info/

100 Writing Your Own Functions

If you use the same variable name in two different functions, forgetting that
you re working with two different variables is very easy. Only do this if
you're sure that no confusion can occur.

If you use the same variable name in two different functions (such as a coun-
ter variable called index, which you use in a for loop), matching the case is
usually a good idea. Don't use count in one function, and Count in another.
Although you can certainly do that, you may find yourself typing the name
wrong when you need it. But that won't cause you to access the other one.
(You can’t because it's in a different function.) Instead, you get a compile
error, and you have to go back and fix it. Being consistent is a timesaver.

Forward references and function prototypes

In all the examples in this chapter, we have put the code for any function

we write above the code for main. The reason is that the compiler scans
through the code from start to finish. If it has not encountered a function yet
but sees a call to it, it won't know what it's seeing, and it issues a good old
compile error.

Such an error can be especially frustrating and could cause you to spend
hours yelling at your computer (or, if you're like us, running to the refrigera-
tor and getting something sweet and fattening). Nothing is more frustrating
than looking at your program, being told by the compiler it's wrong, yet
knowing it's right because you know you wrote the function.

You can, however, put your functions after main; or you can even use this
method to put your functions in other source-code files (something we talk
about in Minibook I, Chapter 5).

What you can do is include a function prototype. A function prototype is noth-
ing more than a copy of the function header. But instead of following it with
an open brace and then the code for the function, you follow the function
header with a semicolon and are finished. A function prototype, for example,
looks like this:

void PrintName(string first, string last);

Then you actually write the full function (header, code, and all) later. The
full function can even be later than main or later than any place that makes
calls to it.

Notice that this looks just like the first line of a function. In fact, we cheated!
To write it, we simply copied the first line of the original function we wrote
and added a semicolon.

So where would you use this fellow? Take a look at Listing 4-9.
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Listing 4-9: Using a Function Prototype

#include <iostream>
using namespace std;
void PrintName(string first, string last);

int main()

{
PrintName (*Thomas", ®Jefferson®);
return 0;

}

void PrintName({string first, string last)
{
string fullname = first + * " + last;
cout << fullname << endl;
}

Notice, in this listing, that we have the function header copied above main
and ending with a semicolon. Then we have main. Finally we have the func-
tion itself (again, with the header but no semicolon this time). Thus, the
function comes after main.

“Whoop-de-do,” we can hear you saying. The function comes after. But why
bother when now we have to type the function header twice?

But rest assured, dear readers, that this step is useful. If you have a source
code file with, say, 20 functions, and these functions all make various calls to
each other, it could be difficult to carefully order them so that each function
calls only functions that are above it in the source code file. Instead, most
programmers put the functions in some logical order (or maybe not), but
they don’t worry much about the calling order. Then they have all the func-
tion prototypes toward the top of the source code file, as we did earlier in
Listing 4-9.

When you type a function prototype, many people say that you are specify-
ing a forward reference. This phrase simply means that you are providing a
reference to something that happens later. It's not a big deal, and it mainly
comes from some of the older programming languages. But some people use
the jargon, and we hope that if you hear that phrase, it will trigger happy
memories of this book.

Writing two versions of the same function

There may be times when you want to write two versions of the same func-
tion, the only difference being that they take different parameter types. For
example, you may want a function called Combine. One version takes two
strings and puts the two strings together, but with a space in the middle. It
then prints the resulting string to the console. Another version takes two
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numbers, adds them, and writes all three numbers — the first two and the
sum — to the console.

The first version would look like this:

void Combine(string first, string second)
{

cout << first << " " << gecond << endl;

There’s nothing magical or particularly special about this function. It’s called
Combine; it takes two strings as parameters; it does not return anything.
The code for the function prints the two strings with a space between them.

Now the second version looks like this:

void Combine(int first, int second)

{
int sum = first + second;
cout << first << " " << gecond << " " << sum << endl;

Again, nothing spectacular here. The function name is Combine, and it does
not return anything. But this version takes two integers, not two strings, as
parameters. The code is also different from the previous code in that it first
figures the sum of the two and then it prints the different numbers.

Well this is all fine and dandy, but can you have two functions by the same
name like this? Yup! Listing 4-10 shows the entire code. Both functions are
present in the listing.

Listing 4-10: Writing Two Versions of a Function

#include <iostream>

using namespace std;

void Combine(string first, string second)

{
cout << first << " " << gecond << endl;

)

void Combine(int first, int second)
{
int sum = first + second;
cout << first << " " << gecond << " " << sum << endl;

)

int main()

(
Combine ("David", "Letterman™)
Combine (15,20) ;

return 0;

)
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Note in main that we called each function. How did we specify which one we Book |
want? By simply passing the right types. Take a close look at the first call: Chapter 4
Combine("David®, "Letterman®) ; o
£ 5
This call includes two strings. so the compiler knows to use the first version, -
which takes two strings. Now look at the second function call: g =
2=

mbine (15,20) ; S

Combine ] QE

This call takes two integers, so the compiler knows to use the second ver-
sion of the function.

This process of writing two versions of the same function is called overload-
ing the function. Normally, overloading is a bad thing, like when we go to a
nice restaurant and overload our stomachs. But here it's a good thing and
even useful.

When you overload a function, the parameters must differ. For example, the
functions can take the same type of information but use a different number
of parameters. Of course, the previous example shows that the parameters
can also vary by type. You can also have different return types, but they
must differ by more than just the return type.

Calling All String Functions

To get the most out of strings, you need to make use of some special func-
tions that cater to the strings. However, using these functions is a little dif-
ferent from the other functions used so far in the chapter. Instead of just
calling the function, you type first the variable name that holds the string,
then a period (or dot, as the netheads prefer to call it), and then the function
name along with any parameters (arguments, if any purists are reading).

The reason you code string functions differently is because you're making
use of some object-oriented programming features. Minibook I, Chapter 7
describes in detail how these types of functions (called member functions)
work.

One function that you can use is called insert. You can use this function if
you want to insert more characters into another string. For example, if you
have the string "Something interesting and bizarre" and you insert
the string "seriously " (with a space at the end) into the middle of it start-
ing at index 10, you'll get the string "Something seriously interesting
and bizarre".

\]
é’; When you work with strings, the first character is the Oth index, and the
second character is the st index, and so on.
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The following lines of code perform an insert by using the insert function:

string words = "Something interesting and bizarre";
words.insert (10, "seriously ")

The first of these lines simply creates a string called words and stuffs it full
with the phrase "Something interesting and bizarre". The second
line does the insert. Notice the strange way of calling the function: You first
specify the variable name, words, and then a dot, and then the function
name, insert. Next, you follow it with the parameters in parentheses, as
usual. For this function, the first parameter is the index where you want to
insert the string. The second parameter is the actual string you are going to
insert.

After these two lines run, the string variable called words contains the string
“Something seriously interesting and bizarre”.

You can also erase parts of a string by using a similar function called, believe
it or not, erase. Although computer folks like to obfuscate through their
parlance (that is, confuse people through choices of words!), they do occa-
sionally break down and pick names that actually make sense.

The following line of code erases from the string called words 16 characters
starting with the 20th index:

words.erase(19,16);

Consequently, if the variable called words contains the string "Something
seriously interesting and bizarre", after this line runs, it will con-
tain "Something seriously bizarre".

Another useful function is replace. This function replaces a certain part of
the string with another string. To use this, you specify where in the string
you want to start the replacement and how many characters you want to
replace. Then you specify the string you want to replace the old, worn-out
parts with.

So, for example, if your string is "Something seriously bizarre" and
you want to replace the word "thing" with the string "body", you would
tell replace to start at index 4, and replace 5 characters with the word
"body". To do this, you would enter:

words.replace(4, 5, "body"):

Notice the number of characters you replace does not have to be the same
as the length of the new string. If the string starts out with "Something
seriously bizarre", after this replace statement runs, the string will
contain "Somebody seriously bizarre". But the string will not actually
contain somebody who is seriously bizarre; it contains just the string.
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Listing 4-11 shows all these functions working together. Book |
Chapter 4

Listing 4-11: Operating on Strings

#include <iostream>

-_-a
Ex<
using namespace std;
int main()
string words = "Something interesting and bizarre";

cout << words << endl;

words.insert (10, "seriously ")
cout << words << endl;

words.erase(19,16) ;
cout << words << endl;

words.replace(4, 5, "body"):
cout << words << endl;

return 0;

When you run this program, you see the following output:

Something interesting and bizarre

Something seriously interesting and bizarre
Something seriously bizarre

Somebody seriously bizarre

The first line is the original string. The second line is the result of the
insert function. The third line is the result of the erase function. And the
final line is the result of the replace function.

Understanding main

All the programs so far have had a main. This main is actually a function.
Notice its header, which is followed by code inside braces:

int main()

You can see that this is definitely a function header: It starts out with a
return type, then the function name, main. This is just one form of the main
function — the form that CodeBlocks uses by default. However, you may
decide that you want to give users the ability to provide input when they
type the name of your program at the console. In this case, you use this
alternative form of the main function that includes two parameters.

int main(int argc, char *argv(])
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Who, what, where, and why return?

The main function header starts with the type
int. This means the function main returns
something. But what? And to whom? And why
and when and all those wwards?

The result of main is sometimes used by the
computer to return error messages if the pro-
gram, for some reason, didn't work or didn’t
do what it was supposed to do. But here's the

It's true. For many computers, particularly
Windows computers, the return value is of very
little use to anybody. The return type is specifi-
cally designed to work with batch files {files
with a BAT extension that originally appeared
as part of DOS, or Disk Operating System).
Cansequently, unless you plan to work with
batch files {and many peaple still da), just
return 0.

inside scoop: Outputting a return value just
doesn’t work — at least, not in the graphical
environment that most of you use.

On some high-powered Unix systems, the return value of main is used. Some
of these systems running so-called mission-critical applications (a fancy
word that means the computer programmers feel like what they're doing

is important to the safety of the universe) do indeed use the return values
from main. These computers may run hundreds of programs. If one of these
programs returns something other than 0, another program detects this and
notifies somebody (usually by sending the poor sap a page in the middle of
the night). When you're still learning C++, you're not likely to need to return
things other than 0, but if you're lucky enough to be working for a company
that builds applications vital to the well-being of the universe, you may want
to find out from your teammates if you do, in fact, need to return something
other than 0.

43

So what about those seriously bizarre looking parameters in main? The first
is reasonably straightforward; it's an integer variable with the goofy name
argv, which sounds like something Scooby-Doo would say. But what about
that second goofiness? To understand the second, you need to know that
these two parameters are actually used as command-line parameters. When
you run a program, especially from the command prompt, you type the
name of the program and press Enter. But before pressing Enter, you can
follow the program name with other words. Many of the commands you use
in Unix and in the Windows command-line tool (also known as DOS) have a
program name and then various parameters. For example, on Unix you could
type the following command to copy the file called myfile to a new file
called yourfile:

cp myfile yourfile
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On Windows, you could type the following command to copy the file called
myfile to anew file called yourfile:

copy myfile yourfile

When you run such a command, you are actually running a program called
copy. The program takes two command-line parameters, in this case
"myfile" and "yourfile" and passes these two strings into the main
function as parameters.

For the main function, the first parameter in the header is argc, pro-
nounced arg-SEE, which represents the number of command-line param-
eters. In the case of the copy or ¢p command (see the two preceding lines of
code), you have two ("myfile" and "yourfile"), so argc would be 2.

The second parameter in the main function is the cryptic-looking char
*argv[]. The name of the variable is called argv, and it is pronounced arg-
VEE. Minibook I, Chapter 8, deals with a topic called an array. An array is a
sequence of variables stored under one name. The argv variable is one such
animal. To access the individual variables stored under the single umbrella
known as argv, you do something like this:

cout << argv[0] << endl;
cout << argv[l] << endl;

(In the preceding example, you're using brackets as you did similarly with
accessing the individual characters in a string.)

In the case of the two command-line parameters myfile and yourfile,
these two lines of code would print the lines

myfile
yourfile

You can access the command-line parameters using a for loop. Listing 4-12
shows how.

Listing 4-12: Accessing the Command-Line Parameters

#include <iostream>
#include <stdlib.h>
int main(int argc, char *argvi(])
{
for (int index=0; index < argc; index++)
(
cout << argv[index] << endl;
)

return 0;
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When we run this program from the prompt using the following command-
line parameters

CommandLineParameters Command Line Parameters

we see the following output:

c:\CommandLineParameters Command Line Parameters
CommandLineParameters

Command

Line

Parameters

The first item in the argv list is always the name of the program.
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Chapter 5: Dividing Between
Source-Code Files

In This Chapter

»* Creating multiple source-code files
1 Creating header files
1+~ Sharing variables among source files

1+ Making use of the mysterious header wrappers

ust as you can divide your work into functions, you can also divide your

work into multiple source-code files. The main reason to do so is, simply,
to help keep your project more manageable. Also, with multiple source-code
files, you can have several people working on a single project, each working
on a different source-code file at the same time. The goal, of course, is to
make sure that your coworkers work on the harder parts that are more
grueling and no fun while you get all the credit.

The key to multiple source files is knowing where to break the source code
into pieces. like anything else, if you break the source code in the wrong
place, it will, well, break.

In this chapter, we show you how to divide your source code into multiple
files (and in all the right places). The examples we give use CodeBlocks;
however, we also provide a few Makelfile tips if you're using other tools.

Creating Multiple Source Files

In this section, we talk about how to create multiple source-code files, first
for CodeBlocks and then for other compilers. This process is far simpler in
CodeBlocks, and we highly recommend that approach.

When you create a second source-code file, this code becomes part of your
project. And when you compile, the compiler compiles all the source-code
files in your project, assuming that you have changed them since the last
time you compiled. You can put your functions in separate source-code
files, and they can call each other. In this way, they all work together in the
single program. In the section “Sharing with Header Files,” later in this
chapter, we talk about how you can have a function call another function in
a different source file.
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You cannot break a single function up and put it into two source files.

That would be quite painful for the little fellow, and certainly not a good
programming practice either because it simply wouldn't compile. The compiler
requires that your functions stay in one piece in a single source file.

Multiple source files in CodeBlocks

If you're using CodeBlocks, cutting your program into multiple source-code
files is as easy as cutting a cake. The following steps show you how to
perform this task:

1. Choose Filero)Newt>File.

You see the New from Template dialog box shown in Figure 5-1. Notice
that you can choose from a header, source code, or an empty file.
Normally, you'll choose either the C/C++ Header or C/C++ Source option.
The Empty File option is for non-source files, such as a text file used as a
ReadMe.

Projects Category: | <Al categones>
Runid tarnets

- — Canced

Custom

ser s (L 4+ header (R +4curce oty fie

View o
O Loge nan
QOut

TIM: Tey right cboang anitem

1. Scht s wizard tyoe frston the k/t
2. Sclect a speaifc wizaed from the moin wandow (Riter by categorica F nceded)
3. Pragz Go

2. Highlight the template you want to use and click Go.
You see a wizard associated with the particular file you've chosen.
3. Click Next to get past the initial Welcome page.

If you chose the Empty File template, skip to Step 5. When using the C/
C++ Header or C/C++ Source templates, you see a language selection

page.
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4. Highlight the language you want to use — either C or C++ — and click Book |
Next. Chapter5

The wizard asks what you want to call the file, where you want to store

Lo
it, and which builds should use the file, as shown in Figure 5-2. g <
S
35
oW
= @
® =
T3
Fease enter the filc's kication and name and “'
whether tn add it o the active peaject. =

Hename with ful path:

|1 Add fie v active praject
In buid targetfe):

Figure 5-2:
Provide
the file
information —
required by
the wizard.

5. Type a path and filename for the file in the Filename with Full Path
field.

You must provide a full path, even if you want the file in the current
folder. Click the ellipses to display a Select Filename dialog box where
you can choose the location of the file. The default path shown in the
Select Filename dialog box is the current folder.

6. Check the individual builds that should use the file.
As an alternative, you can click All to add the file to all builds.
7. Click Finish.

The wizard adds the new file to your project. CodeBlocks automati-
cally opens the file so you can begin editing it. You also see the file you
added in the Management window, as shown in Figure 5-3. In this case,
you see both the source files and a header file. Notice that the source
files appear in dark type, while the header file appears in gray type. This
shows that the source files are compiled to create the project and the
header file isn’t. The “Sharing with Header Files” section of the chapter
discusses how the compiler works with header files in more detail.
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Figure 5-3:
The
Management
window
displays the
files used to
compile the
project.
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If you add a file to CodeBlocks that you really don't need, right-click the file
in the Management window and choose Remove File from Project from the
context menu. The file will disappear from the project but still appear in the
directory in which you created it. If you later decide that you really do want
that file, right-click the project entry in the Management window, choose
Add Files from the context menu, and select the file you want to add back
into the project using the options in the Add Files to Project dialog box.

If CodeBlocks doesn't automatically open the file you added, you can open

it by double-clicking its name in the tree. When you do, an additional tab
appears at the top of your source-code files. These tabs represent the
different files that are open. You can click a tab to have that file's code appear
in the source-code window. When you click another tab, the window shows
the source for that file, instead. And, thankfully, it remembers any changes
you make if you switch to another tab. So you can bounce all around the
screen and switch all you want, and the computer shouldn't get confused.

After you have multiple files in your project, you can put some of your
source in one file and some in another. But before you do, you may want
to read some of the other sections in this chapter because we explain how
to properly divide your source code without it ending up like cake that got
smooshed while you were trying to cut it.

Multiple source files in other compilers

If you're using CodeBlocks, you don't really need to read this section
because CodeBlocks mucks around with the Makefile for you automatically.
Life is good. If you want to see how CodeBlocks performs this task, look

at the . depend file for your project, such as MultipleSourceFiles.
depend. The . depend file is simple XML, so you can view it with any XML-
capable application (including Internet Explorer or Firefox). Otherwise,
you'll want to read this section.

To add source-code files to other compilers, you need to modify the

Makefile, and you need to understand Makefile rules and the compile
rocess. Yuck. (Makefiles are described in Appendix A.) Many ways to modify
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a Makefile are available. If you use implicit rules, you probably just need to
add the name of the file to the list of source files. If you use a separate rule
for each file, you need to add another rule for this new file. In that case, you
may still have a list of all source-code files or a list of all object files (which
are just the source-code filenames with either an . o or . obj extension), in
which case you’ll have to make another entry.

For example, you may have separate rules for each source file, as in the
following:

main.o: main.cpp
$(CC) -c main.cpp -0 main.o $(CFLAGS)

In this case, you need to add another line similar to this one for your new
file. If your new file is orangegoo . cpp, your new rule will look like this:

0rangegoo.o: Orangegoo.cpp
$(CC) -c orangegoo.cpp -0 orangegoo.o $(CFLAGS)

Note that you must indent the second line by using a tab. If you use spaces,
it may not work properly.

You probably also have a rule listing the object files. Remember that it will
likely be the object files and not the source files, because the object files are
the temporary things that the compiler generates — or makes. Thus, you
may have a macro such as this:

OBJ = main.o orangegoo.o

This macro would be listed in the rule for the final executable file. That way,
when you make the executable file, the make utility first sees whether these two
.o files are up-to-date. If not, make first makes these two . o files, based on the
rules you supplied earlier. Nice and simple; too bad Makefiles are so ugly.

Creating multiple files

Before two source files can work together, they must somehow find out
about each other. Just because they’re both sitting on the computer doesn’t
mean that they know about each other. Computers are kind of goofy about
that sort of thing. So to get two source files to finally open up and get to
know each other, you need to tell each of them about what’s in the other file.

When you write a function, normally the function must appear before any
calls to it appear within the same source file. That’s because of the way the
compiler goes through the code: If it encounters a call to a function but has
not yet heard of that function, it issues an error. But the way around this is
to use a function prototype. A function prototype is simply the header line
from a function, ending with a semicolon, as in the following:
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void BigDog{int KibblesCount);

Later in the source file is the actual function, with this header line dupli-
cated. But instead of a semicolon, the function would have an open brace,
the function code, and a closing brace, as in the following:

void BigDog{int KibblesCount)
{
cout << "I'm a lucky dog" << endl:
cout << "I have * << KibblesCount << * pieces of food" << endl;

}

So after the function prototype, you can call the function whether the func-
tion code itself is before or after the call.

For the compiler to understand a function call, all it needs at the point the
code makes the call is a function pprototype. It's up to the linker to determine
whether that function really exists.

Because the function call only needs a function prototype, you can put the
function itself in another source-code file. You could, therefore, have two
separate source-code files, as in the following example. The first source-
code file, main. cpp, is shown in Listing 5-1. The second source-code file,
mystuff.cpp, is shown in Listing 5-2.

Listing 5-1: Calling a Function with Only a Prototype

#include <iostream>
using namespace std;
void BigDog{int KibblesCount);
int main()
{
BigDog(3);

return 0;

}

Listing 5-2: Using a Function from a Separate File

#include <iostream>

using namespace std;

void BigDog{int KibblesCount)
{

cout << "I'm a lucky dog" << endl:
cout << "I have * << KibblesCount << " pieces of food" << endl;
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Book |
= = Chapter5
A quick overview of namespaces
o

The using namespace std; linein every use of the classes or functions found g E’
Listing 5-2 tells the compiler to use a specific in std by typing std: :<class or
namespace, std. A namespaceis a grouping function>. For example, to use a string )
of classes and functions. The stqd, or standard, you need to type std: : string. Because =
namespace contains a host of useful classes this is a painful way to write code, you add the -_né
and functions, such as string. If you don't using namespace std; line. 28
include this declaration, you need to preface

In Listings 5-1 and 5-2, we broke the function away from the prototype. When
you compile these two files together as a single program (either by pressing
F9 in CodeBlocks or by using the methods described in the “Multiple source
files in other compilers™ section, earlier in this chapter), they all fit together
nicely. You can then run the program, and you see this somewhat interesting
output:

I'm a lucky dog
I have 3 pieces of food

Notice also that we had to put the same #include lines at the start of the
mystuff.cpp file. That's because mystuff.cpp uses cout, and to use
cout, it needs the #include <iostream> line.

Sharing with Header Files

Breaking source code apart into multiple files is easy, but soon you may run
into a problem. If you have a function, say, SafeCracker, and this function
is extremely useful and is likely to be called many times from within several
other source-code files, you would need a prototype for safecracker in
every file that calls it. The prototype may look like this:

string SafeCracker(int SafelID);

But instead of putting this line in every file that uses the function, we know
of an easier way. (We computer people are always looking for the easier

way so we can finally retire.) Simply put this line inside its own file, called

a header file, and give the filename an .h or an . hpp extension. (It's your
choice which extension you use, because it really doesn’'t matter; we usually
just go with .h.) For example, we might save the line string safeCracker
(int safelID); in afile called safestuff.h.
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Then, instead of typing the header line at the start of each file that needs the
function, you type

#include "safestuff.h"

You would then have three source-code files, which we have shown in
Listings 5-3, 5-4, and 5-5. The first is main. cpp, which calls the function.
The second is safestuff.h, which contains the function prototype. The
third is safestuff. cpp, which contains the actual code for the function
whose prototype appears in the header file. Lots of files, but now the code
is broken into manageable pieces. Also, make sure that you save all three of
these files in the same directory.

Listing 5-3: Including the Header File in the main File

#include <iostream>
#include "safestuff.h"

using namespace std;

int main()
{
cout << "Surprise, surprise!" << endl;
cout << "The combination is (once again)" << endl;
cout << SafeCracker(12) << endl;
return 0;

Listing 5-4: Containing the Function Prototype in the Header File

using namespace std;

#ifndef SAFESTUFF_H_INCLUDED
#define SAFESTUFF_H_INCLUDED

string SafeCracker (int SafelD);

#endif // SAFESTUFF_H_INCLUDED

Listing 5-5: Containing the Actual Function Code

#include <iostream>
using namespace std;
string SafeCracker (int sSafelID)

(
return "13-26-16";
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Before you compile this program, however, we need to give you a couple
pointers. First, the compiler does nof compile the header file into a separate
.o or .obj file. With the program in Listings 5-3 through 5-5, the compiler
compiles only two files: main.cpp and mystuff . cpp. Instead of compiling
the header file, when it reads through the main. cpp file and gets to the
#include line for the header file, it temporarily switches over and reads
that file, pretending that it's still reading the same main.cpp file. As it
continues, it compiles everything as if it's all part of themain. cpp file. And
if you include this header file in other source-code files, it does the same
thing again for those source files.

To get this code to compile, remember the following rules:

4 Makefiles: If you are using a compiler where you have to handle your
own Makefiles, do not add a rule for compiling the header files, which
usually start with . hpp or .h. Only compile the source files, which
usually start with .cpp or .cc.

4 Visual C++: Although we’ve said very little so far about Microsoft Visual
C++ (VC+4+), if you use VC++, do not add header files to your project.
Only add source files. VC++ will keep a listing of the header files in a tree
called dependencies, but you don’t add them yourself.

4 CodeBlocks: What could be easier? You just make the files, and
CodeBlocks handles all the file connectivity for you. Nothing to worry
about. The header and source files all show in the project list, and
CodeBlocks also handles the details of which ones need to be compiled.

After you follow these rules, you can go ahead and compile and run the code
in Listings 5-3 through 5-5. When you run the program, you see the following
output:

Surprise, surprise!
The combination is (once again)
13-26-16

If you have a source file containing some functions, creating a header file
that contains the associated function prototypes is generally a good practice.
Then you can name the header file the same as the source file, except with a
different extension. We did this in Listings 54 and 5-5: We named the header
file safestuff.h, and the source file safestuff.cpp.

Instead of saying header file, some people prefer to say include file. We
usually say header file because, to us, include is usually a verb, and it gets
kind of awkward to say something like this: “We're pretty sure that we
included the include file, but if we didn't include the correct include file,
would you please include us in your meeting; and in the discussion, we will
be sure to include a few questions about how to include the proper include
file. Then you can include an answer to our inclusions about the inclusions
of an include file.” It’s just difficult to say, you know? So we say header file.
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Adding the header only once

CodeBlocks includes several lines in the header file by default. These lines
create a symbol that tells the compiler whether a header file is already
included in the source file so that the compiler doesn’t add it twice. Adding a
header twice is an error because then you'd define the forward reference for
a function twice. Here is what you see when you initially create a header file
with CodeBlocks:

#ifndef SAFESTUFF_H_INCLUDED
#define SAFESTUFF_H_INCLUDED

#endif // SAFESTUFF_H_INCLUDED

When you type the header code into CodeBlocks, type it between the
#define SAFESTUFF_H_INCLUDED and #endif // SAFESTUFF_H_
INCLUDED lines. The “Using the Mysterious Header Wrappers™ section of the
chapter describes these automatic entries in detail.

Using brackets or quotes

You may have noticed something about the code in Listing 5-3. When we
included the safestuff.h file, we did not put it inside brackets as we did
in the other #include lines. Instead, we put it inside quotes:

#include *safestuff.h*

That's because programmers for years have been fighting over the rules of
where exactly on the hard drive to put the header files. Do you put them in
the same directory or folder as your project? Or do you put them in a special
directory all by themselves? Or do you just put them out in the back yard to
dry out?

Regardless of where you put your header files, here is the rule for when

to use quotes and when to use brackets: The compiler looks in several
directories to find include files. And it can, possibly, look in the same
directory as the source file. If you use angled brackets (that is, less-than and
greater-than signs), as in #include <string>, the compiler does not look
in the same directory as the source file. But if you use double quotes, as in
#include "safestuff.h", the compiler first looks in the same directory
as the source file. And if the compiler doesn't find the header file there, it
looks in the remaining directories, as it would with angle brackets.

Some people always like to use double quotes. That way, whether the

header file is in the same file as the source file or not, the compiler should
find it.
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Most professional programmers today always use angle brackets. This
forces programmers to put their header files in a common area. With really
big projects, programmers like to have a directory dedicated to source files
and another directory dedicated to header files. No header file is ever in the
same directory as the source file.

For small projects, some people like to lump all the source and header files
into a single directory. These people typically use angle brackets around
system header files (such as #include <string>) and double quotes
around their own header files. In the projects in this book, we generally
follow this rule. The header files that we write are in the same directory as
the source files, and we use double quotes for #include lines of our own
files and angle brackets for the #include lines of system headers.

If you follow the same approach that we use here, you immediately know
whether the #include line refers to one of your own header files or another
header file. If it refers to your own, it has double quotes.

If you start working on a large C++ project, you will probably find that
project managers use the rule of always using angle brackets. For large
projects, this is typically the best policy.

If you try to compile and you get aNo such file or directory erroron
the #include line, it's probably because you put the header file in a source
file directory but used angle brackets instead of double quotes. Try switching
that line to double quotes.

Sharing Variables Among Source Files

When you declare a variable inside a function, it remains local to the function.
But you may want functions to share a single variable: One function may
store something, and another may read its contents and write it to the
console. To do this, declare the variable outside a function. That works
until you try to share a variable between multiple source files. If you're not
careful, the source files end up with a separate copy of the variable. Within
a single source file, the variable can be shared between functions but not
between source files. That could be confusing.

There's a trick to making this work. Declare the variable inside one and
only one of the source files. Then, you declare it again inside one (and only
one) header file, but you precede it with the word extern, as in extern int
DoubleCheeseburgers;.
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Listings 5-6, 5-7, and 5-8 demonstrate the use of a single variable that is
shared between multiple source files.

Listing 5-6: Making Use of a Global Variable

#include <iostream>
#include "sharealike.h"

using namespace std;

int main()

{
DoubleCheeseburgers = 20;
EatAtJoes ()
return 0;

Listing 5-7: Using a Header File to Declare a Global Variable

#ifndef SHAREALIKE_H_INCLUDED
#define SHAREALIKE_H_INCLUDED

extern int DoubleCheeseburgers;
void EatAtJoes();

#endif // SHAREALIKE_H_INCLUDED

Listing 5-8: Declaring the Actual Storage for the Global Variable

#include <iostream>
#include "sharealike.h"

using namespace std;
int DoubleCheeseburgers;

void EatAtJoes() (
cout << "How many cheeseburgers today?" << endl;
cout << DoubleCheeseburgers << endl;

)

Be careful when you do this; getting it exactly right is very tricky. You
declare the variable once inside the header file, but you must remember the
word extern. That tells the various files, “This variable is declared elsewhere,
but here’s its name and type so you can use it.” Then you declare the
variable in one of the source files, without the word extern; this creates
the actual storage bin for the variable. Finally, you include the header file in
each of your source files that use the global variable.
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When you share a variable among multiple source files, it is a global variable.
A variable used by a single function is called a local variable. If you share a
variable between functions within a single source file but not between
multiple source files, people call this a global variable or a global variable
that is local to the source file.

Use the word extern in your header file when using a global variable. If you
forget to do that, you give each source file its own variable that happens to
have the same name.

Using the Mysterious Header Wrappers

When you include a header file, you usually only want to include it once per
source file. But that can create a problem: Suppose we have a huge software
project, and several header files include another of our header files, called
superheader .h. If we include all these other header files, how can we be
sure to pick up the superheader . file only once?

The answer looks strange but does the trick. We start each header file with
these lines:

#ifndef SHAREALIKE_H
#define SHAREALIKE_H
#endif

Depending on which C++ IDE you use, your editor may add these lines
automatically, just as CodeBlocks does. In this case, you type the header file
content between the #define SHAREALIKE_H and #endif lines. However,
if your IDE doesn't add the lines automatically, be sure to add them so your
code looks like the code in Listing 5-7. Otherwise, the compiler may spout
errors that you may not recognize immediately.

These header wrappers, as they are often called, ensure that the code in the
header gets processed only once per source-code file each time you compile.
The wrappers use special lines called preprocessor directives. Basically, the
second line defines something that is sort of like a variable but is used only
during compilation; this something is called a symbol. The symbol is called
SHAREALIKE_H, and we picked it by taking the filename, making it all caps,
and replacing the dot with an underscore.

The first line checks to see whether this symbol has been defined. If not, it
proceeds with the lines of code that follow. The next line goes ahead and
defines the symbol, so now it's actually defined for later. Then the compiler
does all the rest of the lines in the file. Finally, the last line, #endi £, simply
finishes the very first line.
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Now consider what could happen if you include this same file twice, as in

#include ®*sharealike.h"
#include *sharealike.h"

(That can happen indirectly if you include two different files that each
include sharealike.h.) The second time the compiler goes through
sharealike.h, it sees the first line, which checks to see whether the
SHAREALIKE_H symbol is defined. But this time it is! So instead of going
through all the lines again, the compiler skips to the #endi f line at the very
end of the file. Thus, your header file gets processed only once per source-
code file. Tricky, no? And confusing? Yes, a bit. So remember the following
rule.

When you create a header file, be sure to put the header wrappers around it.
You can use any symbol name you like, provided it uses only letters, numbers,
and underscores and doesn't start with a number, and provided it's not already
a variable name in your source or a C++ word. But most people base their
choice on some variation of the filename itself, such as MYFILE_H or
MYFILE H oreven MYFILE H .
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Chapter 6: Referring to Your
Data through Pointers

In This Chapter

+»* Using two types of memory: the stack and heap
Accessing variable addresses through pointers

»* Creating variables on the heap by using the new keyword
Taking pointers as parameters and returning pointers

Modifying variables the easy way

B A /here do you live? Don't say it out loud because thousands of people
W w are reading this book, and you don't want them all to know. So just
think about your address. Most places have some sort of address so the
mail service will know where to deliver your packages and the cable guy
can show up sometime between now and 5:00 next Thursday. (So make sure
that you're there.)

Other things have addresses too. For example, a big corporation in an office
building likely has all its cubes numbered. And offices in buildings usually
have numbers; and apartments normally have numbers, too.

Now suppose someone named Sam works in office number 180. Last week,
however, Sam got booted out the door for spending too much time surfing
the Web. Now Sally gets first dibs on office number 180, even though she’s
not taking over Sam's position. Sam moved out; Sally moved in. Same
office — different person staying there.

The computer’'s memory works similarly. Every little part of the computer’s
memory is associated with a number that represents its location, or address.
In this chapter, we show you that after you determine the address of a
variable stored in memory, you can do powerful things with it, which gives
you the tools to create powerful programs.

If any single topic in C++ programming is most important, it is the notion of
pointers. Therefore, if you want to become a millionaire, read this chapter.
Okay, so it may not make you a millionaire, but suggesting it could give
you the incentive to master this chapter. Then you can become an ace
programmer and make lots of money.
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Heaping and Stacking the Variables

C++ programs use two kinds of memory: heap and stack. The heap is a
common area of memory that your program allocates — that is, sets aside —
for the different functions in your program to use. Global variables go in this
heap.

Whenever your program calls a function, however, the function gets its own
little private area of memory storage in an area of memory known as a stack.
The reason that this is called a stack is because it's treated like a stack of
papers: You can put something on the stack, and you can take something off,
but you can't put anything in the middle or take anything from the middle.
The computer uses this stack to keep track of all your function calls.

For example, suppose you have a function called GoFishing. The function
GoFishing calls StopAndBuyBait, which then calls PayForBait, which
calls GetoutcCreditcard, which calls UseFakeCreditcard. How can

the computer keep track of all this mess? It uses the stack metaphor. First
it saves the original function, GoFishing. Then when that function calls
StopAndBuyBait, the computer remembers that function by putting it on
top of GoFishing — not in the same storage bin, but in one on top of the
preceding item so that the preceding item is still there. Then, when that
function calls PayForBait, the computer once again remembers that
function by putting it on top of StopAndBuyBait, and so on, until it has all
the items piled one on top of the other, with UseFakeCreditcard on the
top and GoFishing on the bottom. This process pushes items onto the top
of the stack.

Next, when the computer is finished with UseFakeCreditcard, it pops
off the top of the stack. What it picks up is the place it left off before calling
UseFakeCreditcCard, which happens to be GetoutcCreditcard. And
when that function is finished, once again the computer pops the top off
the stack to find PayForBait. And, as before, that's where it left off last.
It continues this until it gets all the way back to the beginning, which was
GoFishing.

Every position in memory has a number associated with it. When your
program starts, the computer sets aside a large chunk of memory and then
works closely with the microprocessor itself to assign a bunch of numbers
to the memory. Your program’s variables and your program’s code goes

in this memory. And consider this: If your program sits in memory, each
function sits in a particular place in memory, a place with a number or
address associated with it. In other words, each function has an address.

Each function and each variable in your program has a place where it

resides in memory. That place has a number associated with it. Therefore,
each function and each variable has an dddress.
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Placing a hex on C++

Sooner or later in your computer programming,
you will encounter a strange way of notating
numbers on the computer. This strange way is
called hexadecimal, or sometimes just hex. In
C++, you canrecognize a hex number because
it starts with the characters 0x. These charac-
ters aren't actually part of the number; they just
notate it in the same way double quotes denote
a string. Whereas our usual decimal numbers
consist of the digits 0, 1, 2, 3,4,5,6,7, 8, and 9,
a hex number consists of these digits plus six
more: A, B, C, D, E, and F. That makes a total of
16 digits. (Yes, we know, the letters A through
F are not digits. But in hex, they are consid-
ered digits.) A good way to picture counting
with regular decimal numbers is by using the
odometer in a car, which (if you're honest)
only goes forward, not backward. It starts out
with 00000000 (assuming eight digits, which is
a lot). The rightmost digit runs from 0 through
9, over and over. When any digit reaches 9
and all digits to the right of that are nine, the

next digit to the left goes up by 1. For example,
when you reach 00000999, the next digit to the
left goes up by 1 as each 9 goes back to 0, to
get 00001000.

With hex numbers, you count this same way,
except instead of stopping at 9 to loop back,
you then go to A, then B, and then up to F. And
then you loop back. So the first 17 hex num-
bers are, using eight digits, 00000000, 00000001,
00000002, 00000003, 00000004, 00000005,
00000006, 00000007, 00000008, 00000009,
0000000A, 0000000B, 0000000C, 0000000D,
0000000E, 0000000F, 00000010. Notice when we
hit F toward the end there, we wrapped around
again, adding 1to the next digit to the left. When
working with hex numbers, you may see such
numbers as 0OxAAAA0000 and 0X0000A3FF. (We
included the Ox for C++ notation.) And inciden-
tally, 1 more than each of these is OxAAAA0001
and 0x0000A400.

The stack where the computer keeps track of the function calls is just a
bunch of memory, too. What the computer considers the top of the stack
is really the next position in memory. And the way the computer puts a
function on the stack is by putting on the stack the address of where the
computer left off in the preceding function.

When the computer calls one of your functions, not only does it save the

address of the return location on the stack, it also reserves some space on
the stack for your local variables.

This means that your variables can live in two places:

4+ Heap: The heap is a common area in memory where you can store

global variables.

4+ Stack: The stack is the area where the computer stores both the informa-

tion about the functions being called and the local variables for those

functions.
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A stack is an example of all sorts of wonderful things called data structures.
Computer programmers have a tendency to try to model things from real life
on the computer. A stack of papers apparently wasn't good enough for the
computer folk; they wanted to be able to do the same type of thing with their
data in the computer, and they called this thing a stack. They have come up
with many types of data structures, including a similar one called a queue:
With a queue, you put data in one end and take it out the other. It's like
putting sheets of paper on top but taking them only from the bottom. You
experience a queue when you wait in line at a store. The people are forming
a queue, and some even call a line of people a queue.

Every hex number has a decimal equivalent. When you make a list showing
decimal numbers side by side with hex numbers, you see, for example, that
0x0000001F is next to the decimal number 31. Thus, these two numbers
represent the same quantity of items, such as apples. Remember that when
you want to buy some apples: “l would like to buy one-ef apples.”

Looks can be deceiving. The hex number 10 represents the same number of

apples as the decimal number 16. That's why it's a good idea to use the 0x
notation. Thus instead of hex 10, we would write 0x10, making it clear that
we're not talking about a decimal number.

Converting between hexadecimal and decimal

If you want to convert between hex and deci-
mal, you can use the calculator program that
comes with Windows. However, you need to
make sure it's running in scientific mode. To
turn on this mode, choose View=>Scientific (if
it's not already chosen). When you do, you will
see the calculator magically transform into a
much bigger, more powerful calculator.

To convert a hex number to decimal, click the
Hex option in the upper left. Then type the hex
number by using the number keys and the let-
ters A through F, such as FB1263. (You don't
need to type the zeros at the beginning, such
as 00FB1263 — they won’t show up — nor do
you type the Ox used in C++.) After you finish

typing it all in, click the Dec option, which is
next to the Hex option. The calculator instantly
transforms this beautiful hex thing into an
equally beautiful thing — a decimal number!
In this case, you see 16454243. You can go the
other way, too: If you have a decimal number,
such as 16454243, you can click the Hex option
to convert it to hex. If you convert 16454243 to
hex, you get back FB1263, which is what you
started with.

You can convert words, too (if you're bored).
The hex number and disco group ABBA is
43962 in decimal. And the hex number FADE
is 64222. And Jeff's house, which he calls hex
number FACADE, is 16435934. Have fun!
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You can represent hex numbers by using either uppercase or lowercase Book |
letters. However, do not mix cases within a single number. Don't use Chapter 6
0xABab0000. Instead use either 0xabab0000 or 0xABAB00OO.

. ) of
Getting a variable’s address 2%
Because every variable lives somewhere in memory, every variable has 2
an address. If you have a function that declares an integer variable called <

NumberOfPotholes, then when your program calls this function, the
computer will allocate space for NumberofPotholes somewhere in
memory.

If you want to take the address of (which is computerspeak for find the
address of) the variable NumberofPotholes, you simply throw an
ampersand, &, in front of it.

Listing 6-1 shows an example of taking the address of a variable and
printing it.

Listing 6-1:  Using the & Character to Take the Address of a Variable

#include <iostream>

using namespace std;

int main()

{
int NumberOfPotholes = 532587;
cout << &NumberOfPotholes << endl;
return 0;

}

When you run this program, a hexadecimal number appears on the console.
This may or may not match ours, and it may or may not be the same each
time you run the program. The result depends on exactly how the computer
allocated your variable for you and the order in which it did things. This
could be very different between versions of compilers. When we run Listing
6-1, we see

0x22££74

The output you see from this program is the address of the variable called
NumberoOfPotholes. In other words, that number is the hex version of the
place where the NumberofPotholes variable is stored in memory. The
output is not the contents of the variable or the contents of the variable
converted to hex; rather, it's the address of the variable converted to hex.
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A pointer example

Suppose NumberofPotholes contains And so, when you set
the number 5000. That means the computer
stores the number 5000 somewhere in memory.
When you take the address of Numberof ptr points to a memory location that contains
Potholes, you are taking the address of the  the number 5000.

memory where you can find the number 5000.

ptr = &NumberOfPotholes;

That output is not very useful, unless you want to sound like a computer
techie. You could walk around announcing that the variable lives at 0x22{{74,
but that’s not going to get you very far in life. (It may get you some interesting
looks, though, which may be worth it.) But when you take that address, you
can use it for other purposes. For example, you can use it to modify the
variable itself by using what are called pointer variables. A pointer variable
is just like any other variable except that it stores the dddress of another
variable.

To declare a pointer variable, you need to specify the type of variable it will
point to. Then you precede the variable’s name with an asterisk, as in the
following:

int *ptr;

This declares a variable that points to an integer. In other words, it can
contain the address of an integer variable. And how do you grab the address
of an integer variable? Easy! By using the & notation! Thus, you can do
something like this:

ptr = &NumberOfPotholes;

This puts the address of the variable NumberofPotholes in the ptr
variable. Remember that ptr doesn’t hold the number of potholes; rather,
it holds the address of the variable called NumberofPotholes.

You specify the type of a pointer by the type of item it points to. If a pointer
variable points to an integer, its type is pointer to integer. In C++ notation,

its type is int * (with a space between them) or int* (no space); you are
allowed to enter it with or without a space. If a pointer variable points to a
string, then its type is pointer fo string, and notation for this type is string *.

@3 The ptr variable holds an address, but what's at that address? That address

is the location in memory of the storage bin known as NumberofPotholes.
Right at that spot in memory is the data stored in NumberofPotholes.
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Think this pointer concept through carefully. If you have to, read this section Book |

over a few times until it's in your head. Then meditate on it. Wake up in the Chapter 6

night thinking about it. Call strangers on the telephone and chitchat about it

But the more you understand pointers, the better off your programming =

career will be — and the more likely you will make a million dollars. g s
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Changing a variable by using a pointer

After you have a pointer variable holding another variable's address, you
can use the pointer to access the information in the other variable. That
means that we have two ways to get to the information in a variable: We can
use the variable name itself (such as NumberofPotholes) or we can use
the pointer variable that points to it.

If we want to store the number 6087 in NumberofPotholes, we could do this:

NumberOfPotholes = 6087;

Or we could use the pointer. To use the pointer, we first declare it as follows.

ptr = &NumberOfPotholes;

Then, to change NumberofPotholes, we don't just assign a value (o it.
Instead, we throw an asterisk in front of it, like so:

*ptr = 6087;

If ptr points to NumberofPotholes, these two lines of code will have the
same effect: Both will change the value to 6087. This process of sticking
the asterisk before a pointer variable is called dereferencing the pointer. By
the time you're finished with this book, you will know gobs of words that
nobody else does. (And your newly enriched vocabulary makes talking on
the telephone difficult at first.)

Take a look at Listing 6-2, which demonstrates all this.

Listing 6-22 Modifying the Original Variable with a Pointer Variable

#include <iostream>

using namespace stg;

int main()
{
int NumberOfPotholes;
int *ptr;
ptr = &NumberOfPotholes;
*ptr = 6087;
cout << NumberOfPotholes << endl;
return 0;
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In Listing 6-2, the first line declares an integer variable, while the second

line declares a pointer to an integer. The next line takes the address of the
integer variable and stores it in the pointer. Then the fourth line modifies the
original integer by dereferencing the pointer. And just to make sure that the
process really worked, the next line prints the value of NumberofPotholes.
When you run the program, you will see the following output:

This is correct; it is the value that the program stored in the original variable
by using the pointer variable.

You can also read value of the original variable through the pointer. Take
alook at Listing 6-3. This code accesses the value of NumberOfPotholes
through the pointer variable, ptr. When the code gets the value, it saves it
in another variable called SaveForLater.

Listing 6-3: Accessing a Value through a Pointer

#include <iostream>

using namespace std;

int main()
{
int NumberOfPotholes;
int *ptr = &NumberOfPotholes;
int SaveForLater;
*ptr = 6087;
SaveForLater = *ptr;
cout << SaveForLater << endl;
*ptr = 7000;
cout << *ptr << endl;
cout << SaveForLater << endl;
return 0;

When you run this program, you see the following output.

7000

Notice also in this listing that we changed the value through ptr again,
this time to 7000. When we run the program, you can see that the value did
indeed change, but the value in SaveForLater remained the same. That’s
because SaveForLater is a separate variable and is not connected to the
other two. The other two, however, are connected to each other.
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Pointing at a string

Pointer variables enjoy pointing. Pointer variables can point to any type,
including strings. However, after you say that a variable points to a certain
type, it can only point to that type. That is, like any variable, you cannot
change its type out from underneath it. The compiler won't let you do it.

To create a pointer to a string, you simply make the type of the variable

string *.You can then set it equal to the address of a string variable.
Listing 6-4 demonstrates this.

Listing 6-4: Pointing to a String with Pointers

#include <iostream>
using namespace std:

int main()

{
string GoodMovie;
string *ptrToString:
GoodMovie = "Best in Show":
ptrToString = &GoodMovie;
cout << *ptrToString << endl;
return 0;

In Listing 6-4, you can see that the pointer variable called ptrToString
points to the variable called GoodMovie. But when you want to use the
pointer to access the string itself, you need to dereference the pointer by
putting an asterisk, *, in front of it.

When you run this code, you see the results of the dereferenced pointer,
which is the value of the GoodMovie variable:

Best in Show

You can change the value of the string through the pointer, again by
dereferencing it, as in the following code:

*ptrToString = "Galaxy Quest";
cout << GoodMovie << endl;

Here, we dereferenced the pointer to set it equal to the string "Galaxy
Quest" (a fine movie, we might add). Then to show that it really changed,
we printed the variable itself, GoodMovie. The result of this code, when
added at the end of Listing 6-4 (but prior to the return 0) is

Galaxy Quest

www.it-ebooks.info

Book |

JEITT]

Chapter 6

a
]

y ey
no o bu


http://www.it-ebooks.info/

NNG!

Heaping and Stacking the Variables

You can also use the pointer to access the individual parts of the string, as
we did in Listing 6-5.

Listing 6-5: Using Pointers to Point to a String

#include <iostream>

using namespace std;

int main()

{
string HorribleMovie;
string *ptrToString;

HorribleMovie = "L.A. Confidential";
ptrToString = &HorribleMovie;

for (unsigned i = 0; i < HorribleMovie.length(); i++)

{
cout << (*ptrToString) [i] << " *;

}

cout << endl;
return 0;
}

When you run this program, you see the letters of the terrible movie appear
one with spaces between them, as in the following.

L.A. Confidential

Okay, so we didn't like L.A. Confidential. But it won two Oscars and was
nominated for seven more, and it won a boatload of other awards, so we
don't feel so bad saying so.

When you access the characters of the string through a pointer, you need

to put parentheses around the asterisk and the pointer variable. Otherwise,
the compiler gets confused and first tries to do the index in brackets with
the variable name and afterwards applies the asterisk. That's backwards,
and it won't make sense to the computer, so the compiler gives you an error
message. But you can make it all better by using parentheses, as we did in
Listing 6-5.

This program loops through the entire string, character by character. We
used the 1ength function for the string to find out how many characters are
in the string. And inside the loop we grabbed the individual characters of the
string, printing them with a space after each.

Notice that i is of type unsigned, rather than int. The length function

returns an unsigned value, rather than an int value. If you try to use an
int for i, the compiler will display the following warning:
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warning: comparison between signed and unsigned integer

It's important to use the correct data types for loop variables. Otherwise,
when the loop value increases over the amount that the loop variable can
support, the application will fail. Trying to find such an error can prove
frustrating even for the best developers.

You can also change the individual characters in a string through a pointer.
You can do this by using a line like (*ptrTostring) [5] = 'X';.Notice,
as before, that we had to put parentheses around the variable name along
with the dereferencing (that is, the asterisk) character.

The length of a string is also available through the pointer. You can call the
length function by dereferencing the pointer, again with the carefully placed
parentheses, such as in the following:

for (unsigned i = 0; i < (*ptrToString).length(); i++)
{

cout << (*ptrToString)[i] << " *;

}

Pointing to something else

When you create a pointer variable, you must specify what type of data it
points to. After that, you cannot change the type of data it points to, but you
can change what it points to. For example, if you have a pointer to an integer,
you make it point to the integer variable called ExpensiveComputer. Then,
later, in the same program, you can make it point to the integer variable
called cheapcomputer. We demonstrate this in Listing 6-6.

Listing 6-6: Using Pointers to Point to Something Else and Back Again

#include <iostream>

using namespace std;

int main()

{
int ExpensiveComputer;
int CheapComputer;
int *ptrToComp;

ptrToComp = &ExpensiveComputer;
*ptrToComp = 2000;
cout << *ptrToComp << endl;

ptrToComp = &CheapComputer;
*ptrToComp = 500;

This code starts out by initializing all the goodies involved — two integers
and a pointer to an integer.
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Next, the code points the pointer to ExpensiveComputer and uses the
pointer to put something inside ExpensiveComputer. It then writes the
contents of ExpensiveComputer, again by using the pointer.

Then the code changes what the pointer points to. To do this, we set the
pointer to the address of a different variable, sCheapComputers. Pretty
simple. And the next line stores 500 in whatever the pointer points to. But
that's cheapcomputers. And again we print it.

Now just to drive the point home in case the computer isn't listening, we
then point the pointer back to the original variable, ExpensiveComputer.
But we don't store anything in it. This time we just print what's already
inside this high-powered supermachine. We do this again by deref-
erencing the pointer. And when we run the program, we see that
Expensivecomputer still has 2000 in it, which is what we originally put in
it. That means that after we pointed the pointer to something else and did
some finagling, the original variable remained unchanged. That's a good
thing, considering that nobody was pointing at it and it was just being left
alone, totally ignored in a world all by itself, feeling neglected.

Be careful if you use one pointer to bounce around several different

variables. It's easy to lose track of which variable the pointer is pointing to.

Tips on pointer variables

Here are some pretty good tips on using pointer variables.
You can declare two pointer variables of the same type by putting them

together in a single statement, as you can with regular variables. However,
you must precede each one with an asterisk, as in the following line.

int *ptrOne, *ptrTwo;

If you try to declare multiple pointers on a single line but put an asterisk

only before the first pointer, only that one will be a pointer. The rest will not
be. This can cause serious headaches and muscle spasms later because this

line will compile fine. The following line is just such an example:

int *ptrOne, Confused:

Here, confused is not a pointer to an integer; rather, it's just an integer. So
beware!

Some people like to put the asterisk right after the type, as in the following,
to emphasize the fact that the type is pointer to integer.

int* ptroOne;
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However, we prefer not to do that simply because it makes it easy for a forgetful Book |
persons like ourselves to not remember that any variables that follow, Chapter 6
separated by a comma, need their own asterisks if they are to be pointers.

=
When we declare a pointer variable, we usually start its name with the S 2—
letters ptr, which is an abbreviation for pointer. That way, we immediately 88 3.
know (when we're looking at our code) that it's a pointer variable. That ® -
makes life a little easier sometimes, at least in the sanity areas of life. ag®e

Dynamically Allocating with new

The heap is a special place where you can declare storage. However, to use
this storage, you take a different approach from just declaring a variable.

When you create a variable, you go through the process of actually typing
a variable, giving it a type, a name, and (sooner or later) a value. When you
write the code, that's when you decide that you want a variable. However,
you can also write code that can cause the computer to allocate space only
after it's running. The computer allocates this space on the heap. This
process is called dynamic allocation.

Using new

To declare a storage bin on the heap, first you need to set up a variable that
will help you keep track of the storage bin. This variable must be a pointer
variable.

For example, suppose you already have an integer declared out on the heap
somewhere. (We show you how to do that in the next paragraph.) We won't
give it a name, because such variables don't have names. Just think of it as
an integer on the heap. Then, with the integer variable, you could have a
second variable. This second variable is not on the heap, and it’s a pointer
holding the address of the integer variable. So if you want to access the
integer variable, you do so by dereferencing the pointer variable.

To allocate memory on the heap, you need to do two things: First, declare

a pointer variable. Second, call a function called new. The new function is a
little different from other functions in that you don't put parentheses around
its parameter. For this reason, it’s actually considered to be an operator.
Other operators are + and - for adding and subtracting integers. These
other operators behave similar to functions, but you don’t use parentheses.

To use the new function, you specify the type of variable you want to create.
For example, the following line creates a new integer variable:

int *somewhere = new int;
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After the computer creates the new integer variable on the heap, it stores
the address of the integer variable in the somewhere variable. And that
makes sense: The somewhere variable is a pointer to an integer. Thus, it
holds the address of an integer variable. Listing 6-7 demonstrates this.

Listing 6-7: Allocating Memory by Using new

#include <iostream>
using namespace std;

int main()

{
int *ptr = new int;
*ptr = 10;
cout << *ptr << endl;
return 0;

}

When you run this program, you see the sweet and simple output:

In this program, we first allocated a pointer variable, which we called ptr.
Then we called new with an int type, which returns a pointer to an integer.
We saved that return value in the ptr variable.

Then we started doing our magic on it. Okay, so it’s not all that magical, but
we saved a 10 in the thing thaf ptr points fo. And then we printed the value
stored in the thing that ptr points to.

But what exactly is the thing that ptr points to, and why does it fancy itself
so important as to justify italics? It's the memory that was allocated by the
new operator. Think of it as a variable out there somewhere. But unlike
regular variables, this variable doesn’t have a name. And because it doesn’t
have a name, the only way you can access it is through the pointer. It's kind
of like an anonymous author with a publicist. If you want to send fan mail to
the author, you have to go through the publicist. Here, the only way to reach
this unnamed but famous variable is through the pointer.

But this doesn’t mean that the variable has a secret name such as
BlueCheese and that, if you dig deep enough, you might discover it; it just
means that the variable has no name. Sorry.

When you call new, you get back a pointer. This pointer is of the type that

you specify in your call to new. You can then store the pointer only in a
pointer variable of the same type.
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When you use the new operator, the usual terminology is that you are
allocating memory on the heap.

Now at this point, you may be asking the all-important question: Why? Why
would we go through the trouble of creating an integer variable somewhere
out on the heap, a variable that has no name, if we just have to create a
second variable to point to it? Doesn't that seem counterproductive?

The answer is this: You can take advantage of many features if you allocate
your variables on the heap. You can use pointers along with something
called an array. An array is simply a large storage bin that has multiple slots,
each of which holds one item. And if you set up an array that holds pointers,
you can store away all these pointers without having to name them individually.
And these pointers can point to complex things, called objects. (We cover
objects in Minibook I, Chapter 7, and arrays in Minibook I, Chapter 8.) And
then if you want to, for example, pass all these variables (which could be
quite large, if they're strings) to a function, you need to pass only the array,
not the strings themselves. That step saves memory on the stack.

In addition to objects and arrays, you can also have a function create and
return a variable. Then, when you get the variable back from the function, you
can use it, and when you are finished with the variable, delete it. Finally, you
can pass a pointer into a function. When you do so, the function can actually
modify the pointer for you. See “Passing Pointer Variables to Functions™ and
“Returning Pointer Variables from Functions,” later in this chapter.

USmg an mltlahzer

When you call new, you can provide an initial value for the memory you are
allocating. For example, if you are allocating a new integer, you can, in one
swoop, also store the number 10 in the integer.

Listing 6-8 demonstrates this.

Listing 6-8: Putting a Value in Parentheses to Initialize Memory That
You Allocate

#include <iostream>

using namespace std;

int main()

{
int *ptr = new int(10);
cout << *ptr << endl;
return 0;
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In this code, we called new, but we also put a number in parentheses. That
number will get put in the memory initially. This line of code is equivalent to
the following two lines of code:

int *ptr = new int;
*ptr = 10;

When you initialize a value in the new operator, the technical phrase for
what you are doing is invoking a constructor. The reason is that the compiler
adds a bunch of code to your program, code that operates behind the
scenes. This code is called the runtime library. The library includes a function
that initializes an integer variable if you pass an initial value. The function
that does this is known as a consfructor. When you run it, you are invoking it.
Thus, you are invoking the constructor. For more information on constructors,
see Minibook I, Chapter 7.

Making new strings
You can use new to allocate almost any type, including strings. You simply
type new followed by string.

You cannot allocate one special type with new. If a function has no return,
you specify the return type as void. You cannot use new to allocate a void
type. For that matter, you also cannot create a variable of type void. The
compiler won't let you do it.

Listing 6-9 is an example of calling new for a string. As usual, remember the
include line for <string>.

Listing 6-9: Using the new Operator with Strings

#include <iostream>

using namespace std;

int main()
{
string *Password = new string;
*Password = "The egg salad is not fresh.";
cout << *Password << endl;
return 0;

This code allocates a new string by using the new keyword and saves the
results in the Password variable. Next, it stores an interesting commentary
in the newly allocated string by dereferencing the pointer. Finally, it prints
the commentary, again by dereferencing the pointer. Remember, the string
variable itself is off in the heap somewhere and has no name. And if it's going
to make comments like those heard at a fine restaurant, it's probably best
that it remain nameless.
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<MBER When you store a string of characters in a string variable that you allocated Book |
by using new, you are storing the string in the allocated memory, nof in the Chapter 6
pointer variable. The pointer variable still holds the address of the allocated
memory. The pointer is just the publicist for the memory, handling all its
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deals and transactions for it, whether ethical or not. S 2—
=
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When you are working with strings, you can use a shortcut to the somewhat 2
cumbersome method of putting parentheses around the name preceded by <

an asterisk in order to call the various string functions. (That was even hard
to type!) Instead of typing (*Password) .length(), for example, you can
use a shortcut notation that looks like the following line of code. (The char-
acters after Password are a minus sign and then a greater than sign, which
together resemble an arrow.)

cout << Password->length() << endl;

You can initialize a string by using parentheses when you call new for a
string type. To do this, simply put the string in quotes and then in parentheses
after the word string, as in the following line of code:

string *Password = new string("The egg salad is still not fresh.");

This line of code is equivalent to the first two lines of code inside main in
Listing 6-9, shown previously.

Even though the pointer points to a string, the pointer itself still holds a
number (in particular, the address of the string it's pointing to). This is a
number, but do not confuse it with an integer. However, you can do some
basic arithmetic with pointers, as detailed in Minibook I, Chapter 8.

Freeing Pointers

When you allocate memory on the heap by calling the new function and
you're finished using the memory, you need to let the computer know,
whether it’s just a little bit of memory or a lot. The computer doesn’t look
ahead into your code to find out if you're still going to use the memory. So in
your code, when you are finished with the memory, you free the memory.

The way you free the memory is by calling the delete function and passing
the name of the pointer:

delete MyPointer;
This line would appear after you're finished using a pointer that you allo-

cated by using new. (Like the new operator, delete is also an operator and
does not require parentheses around the parameter.)
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Listing 6-10 shows a complete example that allocates a pointer, uses it, and
then frees it.

Listing 6-10: Using delete to Clean Up Your Pointers

#include <iostream>
using namespace std;

int main()

{
string *phrase = new string(®All presidents are cool!!!*);
cout << *phrase << endl;

(*phrase) [20] = ‘r*;
phrase->replace(22, 4, ®oked®);
cout << *phrase << endl;

delete phrase;
return 0;
}

When you run this program, you see the following output:

All presidents are cool!!!
All presidents are crooked

In this code, we first allocated a new string and initialized it, saving its
address in the pointer variable called phrase. Then we wrote the phrase,
manipulated it (providing some editorial content), and then wrote it again.
Finally, we freed the memory used by the phrase.

Although people usually say that you're deleting the pointer or freeing the
pointer, really you're freeing the memory that the pointer points to. The
pointer can still be used for subsequent new operations. Nevertheless, we
will abide by tradition and use these phrases.

You can actually get away with not freeing your pointers because the
computer frees all the memory used by your program when it ends. That
way, your memory is available to all the other cool programs you want

to run. However, getting into the habit of freeing your pointers when you
are finished using them is a good practice; otherwise, you may use all the
memory allotted for the heap while your program is running. And some big
software systems at big companies run on and on, shutting down maybe
once a week or every two weeks. If one part of the program continues to
refuse to free its data, eventually the heap probably fills and the whole
program shuts down.
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If you free a pointer, the memory it points to is now free. However,
immediately after the call to delete, the pointer still points to that particular
memory location, even though it’'s no longer being used. Therefore, do not
try to use the pointer after that until you set it to point to something else
through a call to new or by setting it to another variable.

Whenever you free a pointer, a good habit is to set the pointer to the value 0.
(Some people set it to the value null, but that's the same thing, and 0 is
guaranteed to work on all compilers.) Then, whenever you use a pointer,
first check whether it's equal to 0 and only use it if it's not 0. This always
works because the computer will never allocate memory for you at address
0. So the number 0 can be reserved to mean / point to nothing at all.

The following code sample shows this. First, this code frees the pointer and
then clears it by setting it to 0:

delete ptrToSomething;
ptrToSomething = 0;

This code checks if the pointer is not 0 before using it:

ptrToComp = new int;
*ptrToComp = 10;
if (ptrToComp !'= 0)
{

cout << *ptrToComp << endl;
}

Only call delete on memory that you allocated by using new. Although the
free compiler that ships with this book doesn’t seem to complain when you
delete a pointer that points to a regular variable, it serves no purpose to do
so. You can free only memory on the heap, not local variables on the stack.

Passing Pointer Variables to Functions

One of the most important uses for pointers is this: If they point to a variable,
you can pass the pointer to a function, and the function can modify the
original variable. This lets you write functions that can actually modify the
variables passed to them.

Changing variable values with pointers

Normally, when you call a function and you pass a few variables to the
function, the computer just grabs the values out of the variables and passes
those values. Take a close look at Listing 6-11.
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Listing 6-11: A Function Cannot Change the Original Variables Passed
into It

#include <iostream>

using namespace std;

void ChangesAreGood(int myparam)

{
myparam += 10;
cout << "Inside the function:" << endl;
cout << myparam << endl;

)

int main()

{
int mynumber = 30;
cout << "Before the function:" << endl;
cout << mynumber << endl;

ChangesAreGood (mynumber) ;
cout << "After the function:" << endl;
cout << mynumber << endl;

return 0;

Listing 6-11 includes a function called ChangesAreGood that modifies the
parameter it receives. (It adds 10 to its parameter called myparam.) It then
prints the new value of the parameter.

The main function initializes an integer variable, mynumber, to 30 and prints
its value. It then calls the ChangesaAreGood function, which changes its
parameter. After coming back from the ChangesAreGood function, main
prints the value again.

When you run this program, you see the following output:

Before the function:
Inside the function:

After the function:

Before the function call, mynumber is 30. And after the function call, it’s still
30. But the function added 10 to its parameter. This means that when the
function modified its parameter, the original variable remained untouched.
The two are separate entities. Only the value 30 went into the function. The
actual variable did not. It stayed in main.

That keeps mean and nasty functions from messing things up in the outside

world. But what if you write a function that you want to modify the original
variable?

www.it-ebooks.info


http://www.it-ebooks.info/

Passing Pointer Variables to Functions

A pointer contains a number, which represents the address of a variable. If
you pass this address into a function and the function stores that address
into one of its own variables, its own variable also points to the same variable
that the original pointer did. Make sense? The pointer variable in main and
the pointer variable in the function both point to the same variable because
both pointers hold the same address.

That’s how you let a function modify data in a variable: You pass a pointer.
But when you call a function, the process is easy, because you don’t need to
make a pointer variable. Instead, you can just call the function, putting an &
in front of the variable. Then, you are not passing the variable or its value —
instead, you are passing the address of the variable.

Listing 6-12 is a modified form of Listing 6-11; this time the function actually
manages to modify the original variable.

Listing 6-12: Using Pointers to Modify a Variable Passed into a
Function

#include <iostream>

using namespace std;

void ChangesAreGood(int *myparam)
( (*myparam) += 10;

cout << "Inside the function:" << endl;
cout << (*myparam) << endl;

int main()

{
int mynumber = 30;
cout << "Before the function:" << endl;
cout << mynumber << endl;
ChangesAreGood (&mynumber) ;
cout << "After the function:" << endl;
cout << mynumber << endl;

return 0;

When you run this program, you see the following output:

Before the function:
Inside the function:

After the function:
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Notice the important difference between this and the output from Listing 6-11:
The final line of output is 40, not 30. The variable was modified by the
function!

To understand how this happened, first look at main. The only difference we
had to make to main was a little one: We threw an ampersand, &, in front of
the mynumber argument in the call to ChangesAreGood. That's it: Instead of
passing the value stored in mynumber, we passed the address of mynumber.

Now the function has some major changes. We rewrote the function header
so it takes a pointer rather than a number. We did this by adding an asterisk, *,
so the parameter is a pointer variable. This pointer receives the address
being passed into it. Thus, it points to the variable mynumber. Therefore,
any modifications we make by dereferencing the pointer will attack the
original variable. And attack it, it does: It changes it! The following line
changes the original variable. Excellent!

{*myparam) += 10;

When you pass a pointer to a function, you are still passing a number. In
Listing 6-11, you are passing to the function the value stored in mynumber.
In Listing 6-12, you aren’t somehow passing the variable itself. Instead, you
are passing the value of mynumber's address. The value is still a number
either way. However, in Listing 6-12, because the number is an address now,
we had to modify the function header so it expects an address, not just a
number. To do that, we used a pointer variable because it is a storage bin
that holds an dddress. Then we had to modify the remainder of the function
to make use of the pointer, instead of a number.

The changesAreGood function in Listing 6-12 no longer modifies its

own parameter. The parameter starts holding the address of the original
mynumber variable, and that never changes. Throughout the function, the
pointer variable myparam holds the mynumber address. And any changes
the function performs are on the dereferenced variable, which is mynumber.
The pointer variable does not change.

Modifying string parameters

Modifying a string parameter is just as easy as modifying an integer variable.
But with string variables, you have the added benefit that if you're working
with pointers, you can use the shortcut -> notation.

Listing 6-13 is an example of a function that modifies the original string
variable that is passed into it. The function expects a pointer to a string.
Inside, the function uses the -> notation to access the string functions.
Then the function returns. main creates a string, initializes it, prints the
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string's value, calls the function, and prints the value again. As you see Book |
when you run the program, the value of the string has changed. Chapter 6
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Listing 6-13: Using a Function to Modify a String Passed into It by
Using Pointers

#include <iostream>

using namespace std;

void Paranoid(string *realmessage)

{
(*realmessage) [6] = 'i’;
realmessage->replace(9, 1, "");
realmessage->insert (18, "ad");
realmessage->replace (15, 2, "in");
realmessage->replace(23, 7, "!");
realmessage->replace(4, 3, "ali");

int main()

{
string message = "The friends are having dinner";
cout << message << endl;

Paranoid(&message) ;
cout << message << endl;

return 0;

In Listing 6-13, we chose to not make the message variable a pointer. It’s just a
string variable. We then put a string into it and called the Paranoid func-
tion. But instead of passing the value stored in message, we passed the address
of message. The function then receives a pointer as a parameter. Because

it’s a string pointer, we made extensive use of the shortcut notation, ->.
Remember, (*realmessage) . equals the pointer.

When you run this program, you see the original value stored in message
and then the revised value after the function has its way with it:

The friends are having dinner
The aliens are invading!

Returning Pointer Uariables from Functions

Functions can return values, including pointers. To set up a function to
return a pointer, specify the type followed by an asterisk at the beginning of
the function header. Listing 6-14 shows this. The function returns a pointer
that is the result of a new operation.
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Listing 6-14: Returning a Pointer from a String Involves Using an
Asterisk in the Return Type

#include <iostream>
#include <sstream>

using namespace std;

string *GetSecretCode()
{

string *code = new string:
code->append ("CR") ;

int randomnumber = rand();
ostringstream converter;
converter << randomnumber;

code->append (converter.str());
code->append ("NQ") ;

return code;

int main()

{
string *newcode;
int index:

for (index = 0; index < 10; index++)

{
newcode = GetSecretCode();
cout << *newcode << endl;

return 0;

In this code, we wedged the asterisk against the function name in the function
header. This is a common way of doing it. If you prefer, you can do any of
the following lines:

string *GetSecretCode() (
string* GetSecretCode() (
string * GetSecretCode() (

In the main function, we created a pointer to a string, not just a string. My
function is returning a pointer to a string, and we needed the pointer and
the string to match. When we used the string, we had to dereference it.

When you run this program, you see something like the following output.

CR41NQ
CR18467NQ
CR6334NQ
CR26500NQ
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CR19169NQ
CR15724NQ
CR11478NQ
CR29358NQ
CR26962N0
CR24464NQ

Never return from a function the address of a local variable in the function.
The local variables live in the stack space allocated for the function, not in
the heap. When the function is finished, the computer frees the stack space
used for the function, making room for the next function call. If you try this,
the variables will be okay for a while, but after enough function calls that
follow, the variable's data will get overwritten. Wiped out. Gone to the great
variable home in the sky.

Just as the parameters to a function are normally values, a function normally
returns a value. In the case of returning a pointer, the function is still returning

just a value — it is returning the value of the pointer, which is a number

representing an address.

Random numbers and strings

Some special code is right smack in the middle
of the function in Listing 6-14, and we need to
explain that. It's a little trick we used for gen-
erating a random number and putting it into
the middle of the string. First, we had to add
another include line. This one is

tinclude <sstream>

This line provides some of the special fea-
tures we're about to talk about, specifically the
ostringstream type. Now here are the
three lines that perform the magic:

int randomnumber = rand{();
ostringstrea.m converter;
converter << randomnumber;

The first of these creates a random number
by calling a function called rand. You get
back from this function an integer, which is
random. The next one creates a variable of
a type called ostringstream, whichis a
type that's handy for converting numbers to

strings. A variable of this type has features
similar to that of a console. You can use the
insertion operator, <<, except instead of
going to the console, anything you write goes
into the string itself. But this isn’t just any old
string; it's a special string of type ostring-
stream (which comes from the words output,
string, and stream; usually things that allow the
insertion operator << or the extraction opera-
tor >> to perform input and output are called
streams). After we do this, we can add the
resulting string onto our string variable called
code. To do that, we use the line

code->append{converter.str()});

The part inside parentheses, converter.
str (), returns an actual string version
of the converter variable. And that we can
easily append to our code variable by using
the append function. It's kind of tricky, but it
waorks quite nicely.
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Returning a Pointer as a Nonpointer

You may find it annoying to dereference a pointer returned from a function
every time you want to use it. Listing 6-14, in the preceding section, is an
example of how you need to dereference a pointer each time. But you can
avoid this issue by dereferencing the pointer as soon as it comes cranking
out of the machine. Listing 6-15 shows this: We preceded the call to the
function with an asterisk, which dereferences the result immediately. We
then place the result in a local nonpointer variable. After that, we have the
value in the variable, and we don’t need to dereference the pointer when
we want to use the value. Thus, when we call cout, we just use the variable
directly without the use of asterisks and other pointer paraphernalia.

Listing 6-15: Dereferencing Your Return Value Inmediately So You
Don’t Need to Use It as a Pointer

#include <iostream>
using namespace std;

string *GetNotSoSecretCode ()

{
string *code = new string("ABCDEF");
return code;

int main()

{
string newcode;
int index:

for (index = 0; index < 10; index++)
{
newcode = *GetNotSoSecretCodel();
cout << newcode << endl;

return 0;

When you run this program, you see the following secret but highly enticing
output:

ABCDEF
ABCDEF
ABCDEF
ABCDEF
ABCDEF
ABCDEF
ABCDEF
ABCDEF
ABCDEF
ABCDEF
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Passing by Reference okl
C++ is based on the old C language, which was a simple language. C++ has
some features to make it cushier. One feature is references. A reference is o
another way of specifying a parameter in a function whereby the function - =§’ a
can modify the original variable. Instead of following the parameter type e®=
with an asterisk, *, to denote a pointer, you follow it with an ampersand, &. a °
Then, throughout your function, you can use the parameter just as you <

normally would, not as a pointer. But every change you make to the parameter
affects the original variable! A concept ahead of its time. Or behind its time,
considering that other languages have had this feature for years.

Take a look at Listing 6-16 and notice how we didn’t use any pointers.

Listing 6-16: With References, You Don’t Need Pointers!

#include <iostream>

using namespace std;

void MessMeUp{(int &myparam)
{

myparam = myparam * 2 + 10;
}

int main()

{
int mynumber = 30;
MessMeUp (mynumber) ;
cout << mynumber << endl;
return 0;

}

Look at that code! No more pointers! In main, we don't need to take the
address of anything, and we don't need to use that dereference word, which
the spelling checker insists is wrong. And the function itself has no pointers
either. We just throw the old ampersand thing in front of the parameter
name in the function header.

If you have string parameters, and you use the & to pass them by reference,
skip the shortcut -> notation to call the string functions. And don’t dereference
anything. There are no pointers. Just type the dot (or period) and the function.
No asterisks needed.

If you write a function that uses a reference and somebody else uses your
function in code (see Minibook I, Chapter 5, for information on how to do
this), you could end up making that other person angry. The other person
may not realize that Hey man, this thing just messed up my variable! WHAM!
Their variable gets changed. How do you avoid this? Warn them. Make it
clear to anybody using your function that it uses references and will modify
variables, even the unsuspecting little ones.
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Remembering the Rules

When you use pointers and references, make your life easier:

4+ Understand pointers and references: Your C++ programming ventures
will be much happier.

4+ Free your pointers: Whenever you call new, you should (sooner or later)
call delete. Don’t leave memory in the heap when you're finished with it.

4+ Know your references: If you write a function that has references, make
sure that everybody knows it. And if you use a function that somebody
else wrote, make sure that you check both the person’s references and
the function’s references.
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Chapter 7: Working with Classes

In This Chapter

1+ Understanding objects and classes and the difference between the two
1+ Becoming familiar with member functions and variables in a class

»» Making parts of a class public, private, and protected

1 Using constructors and destructors

1+~ Building hierarchies of classes

Back in the early 1990s, the big buzzword in the computer world was
objectoriented. For anything to sell, it had to be object-oriented,
whatever that meant. ’rogramming languages were object-oriented.
Software applications were object-oriented. Computers were object-oriented.
Refrigerators were object-oriented. What did that all mean? Nothing. It was
simply a catchphrase that was cool at the time.

Those days are gone, and now we can explore what object-oriented really
means and how you can use it to organize your C++ programs. In this
chapter, we introduce object-oriented programming and show how you
can do it in C++. Although people disagree on the strict definition of object-
oriented, in this book it means programming with objects and classes.

Understanding Objects and Classes

Consider a pen, a regular, old pen. One of us actually has a pen on our desk.
Here’s what we can say about it:
4+ Ink Color: Black
Shell Color: Light gray
Cap Color: Black
Style: Ballpoint
Length: Six inches
Brand: Office Depot
Ink Level: 50 percent full

YRR R SR S SR SRS

Capability #1: Write on paper
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4+ Capability #2: Break in half
4+ Capability #3: Run out of ink

Now, look around for other things. We see a printer. Let us describe that:

+

Kind: Laser

Brand: Lexmark

Model: E260

Ink Color: Black

Case Color: Cream

Input trays: Two

Output trays: Two

Connection: USB

Capability #1: Reads print job requests from the computer
Capability #2: Prints on sheets of paper
Capability #3: Prints a test page

L R 2 B R R R R R R 4

Capability #4: Needs the toner cartridge replaced when empty

We're just describing the things we see. We're giving dimensions, color,
model, brand. And we're also describing what the things can do. The pen
can break in half and run out of ink. The printer can take print jobs, print
pages, and have its cartridge replaced.

When we describe what the things can do, we're carefully writing it from the
perspective of the thing itself, not from the perspective of the person using
the thing. A good way to name the capability is to test it by preceding it with
the words “I can” and see if it makes sense. Thus, because “I can write on
paper” works from the perspective of a pen, we chose write on paper for one
of the pen'’s capabilities.

Instead of saying the word thing, we will say the word object. The two
meanings are the same: An object is just a thing. Anything, really. A book.
A dirty plate. A stack of writeable CD-ROMs. These are all objects.

But is seeing all the objects in the universe possible, or are some of those

objects hidden? Certainly some objects are physical, like atoms or the dark
side of the moon, and we can’t see them. But other objects are abstract. For
example, we have a checking account. What is a checking account, exactly?
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Using enumerations

We think that the number 12 is a good
representation of the color blue, and the
number 86 is a good representation of the color
red. Purple? That's 182. Beige? That's getting
up there — it's 1047. Yes, this sounds kind
of silly. But let's suppose you want to create
a variable that holds the color blue. Using
the standard types of integers, floating-point
numbers, characters, and letters, you don’t
have a lot of choices. In the old days, people
would just pick a number to represent each
color and store that number in a variable. Or,
you could have saved a string, asinblue. But
C++ presents a better alternative. It's called an
enumeration. Remember that for each type,
there's a whole list of possible values. An
integer, for example, can be a whole number
within a particular range. (This range varies
between computers, but it's usually pretty
big.) Strings can be any characters, all strung

together. But what if you want a value called
blue? Or red? Or even beige? Then you
need enumerations. (Hurray!) This line creates
an enumeration type:

enum MyColor {blue, red, green, yellow,
black, beige};

You now have a new type called MyColor,
which you can use the same way you can
use other types, such as int or double
or string. For example, you can create a
variable of type MyColor and set its value to
one of the values in the curly braces:

MyColor inkcolor = blue;
MyColor shellcolor = black;

The variable inkcolor is type MyColor,
and its value is blue. The variahle shell
colorisalsooftype MyColor, and its value
isblack.

Can you point to it? Can you drop it, throw it? You can throw your
checkbook across the room and, if you’re brave, can even try to get into

the room where the main computer is holding your checking account. But is

the checking account something physical you can touch? No. It’s abstract.

Classifying classes and objects

When we pick up a pen, we can ask somebody, “What type of thing is this
an instance of?” Most people would probably say, “a pen.” In computer
programming, instead of using type of thing, we say class. This thing in my

hand belongs to the pen class.

Now if we point to the thing parked out in the driveway, and ask you, “What

class does that belong to?,” you will answer, “class Car.” Of course, you
could be more specific. You may say that the thing belongs to class 1999

Ford Taurus.
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Class names and class files

In Listings 7-3 and 7-4, nearby in this chapter, and Pen.cpp. Naming the files the same as
we chose filenames that match the name of  classes has lots of advantages that can help
our class. That's usually the way we like to do  you in your quest to become a millionaire.
it: When we create a class, we put the class  First, you automatically know the name of the
definition in a header file of the same name as  header file you need to include if you want to
the class butwith an . h extension. And we put  use a certain class. Second, it provides a gen-
the class member function code in a source-  eral consistency, which is always good in life,
code file of the same name as the class but  whether dealing with programming or pancake
this time with a . cpp extension. We usually  syrup. And finally, if we see a header file, we
like our filenames capitalized the same as the  know what class is probably inside it.

class name; thus, we called the files Pen.h

When we show you the pen, we are asking you what class this object belongs
to. If we then pick up another pen, we’re showing you another example of the
same class. One class, several examples. If we stand next to a busy street, we
see many examples of the class called car. Or we may see many examples of
the class Ford Explorer, a few instances of the class Volkswagen Beetle, and
so on. It depends on how you classify those things roaring down the road. But
regardless, we likely see several examples of any given class.

So when you organize things, you specify a class, which is the type of object.
And when you'’re ready, you can start picking out examples (or instances)

of the class. Each class may have several instances. Some classes have only
one instance. That’s a singleton class. For example, at any given time, the
class United States President would have one instance.

Describing member. functions and. data

If we choose a class, we can describe some characteristics. However,
because we're only describing the class characteristics, we don’t actually
specify them. We may say the pen has an ink color, but we don’t actually say
what color. That’s because we don’t yet have an example of the class pen.
We have only the class itself. When we finally find an example, it may be one
color, or it may be another. So, if we're describing a class called pen, we may
list the following characteristics:

4+ Ink Color

4+ Shell Color
4+ Cap Color
4+ Style
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4+ Length
4+ Brand
4+ Ink Level

We don’t specify ink color, shell color, length, or any of these. We're listing
only general characteristics for all instances of the class pen. That is, every
pen has these characteristics. But the actual values for these characteristics
might vary from instance to instance. One pen may have a different ink color
from another, but both might have the same brand. Nevertheless, they are
both separate instances of the class pen.

After we actually have an instance of class pen, we can give the specifics for
the characteristics. For example, Table 7-1 lists the characteristics of three
actual pens.

Table 7-1 Specifying Characteristics of Instances of Class Pen

Characteristic First Pen Second Pen Third Pen
Ink Color Blue Red Black
Shell Color Grey Red Grey

Cap Color Blue Black Black
Style Ballpoint Felt-tip Ballpoint
Length 55inches 5inches 6inches
Brand Office Depot Superrite Easy-Ink
Ink Level 30% 60% 90%

In Table 7-1, the first column holds the names of the characteristics. The
second column holds values for those characteristics for the first pen. The
third column holds the values of characteristics for the second pen, and the
final column holds the values for the third pen.

All the pens in the class share characteristics. But the values for these char-
acteristics may differ from pen to pen. When we build a new pen (assuming
that we could do such a thing), we would follow the list of characteristics,
giving the new pen its own values. We may make the shell purple with yellow
speckles, or we may make it transparent. But we would give it a shell that
has some color, even if that color is transparent.

In Table 7-1, we didn’t list capabilities. But all these pens have the same
capabilities:

4+ Capability #1: Write on paper
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4 Capability #2: Break in half
4 Capability #3: Run out of ink

Unlike characteristics, these capabilities don't change from instance to
instance. They are the same for each class.

In computer programming, capabilities are member functions. That's because
you'll be writing functions to perform these, and they are part of a class. The
characteristics are member variables, because they are variables that are
part of the class.

When you describe classes to build a computer program using a class, you
are modeling. In the preceding examples, we modeled a class called Pen. In
the following section, we implement this model by writing a program that
mimics a pen.

If you work with enums (the code form of enumerations), you need to decide
what to name your new type. For example, you can choose MyColor or
MyColors. Many people, when they write a line such as enum MyColor
{blue, red, green, yellow, black, beige};, make the name
plural (MyColors) because this is a list of colors. We make it singular, as

in Mycolor. When you declare a variable, it makes more sense: MyColor
inkcolor; would mean that inkcolor is a color — not a group of colors.

Implementing a class

To implement a class in C++, you use the word class. We know it's pro-
found. And then you add the name of the class, such as Pen. You then add
an open brace, list your member variables and member functions, and end
with a closing brace.

Most people capitalize the first letter of a class name in C++, and if their
class name is a word, they don't capitalize the remaining letters. Although
you don’'t have to follow this rule, many people do. You can choose any
name for a C++ class provided it is not a C++ word; it consists only of letters,
digits, and underscores; and it does not start with a number.

The code in Listing 7-1 shows a class in C++, which we put inside a header
file called Pen.h. (See Minibook I, Chapter 5, for information on how to put
code in a header file.) Take a look at the header file, and you can see how we
implemented the different characteristics. The characteristics of a header
file are just like variables: They have a type and a name. And we imple-
mented the capabilities simply as functions. But all this stuff goes inside
curly brackets and is preceded by a class header. The header gives the name
of the class. And, oh yes, the word public is stuck in there, and it has a colon
after it. We explain the word public in “Accessing members,” later in this
chapter. By itself, this code isn't very useful, but we put it to use in Listing
7-2, a program that you can compile and run.
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Listing 7-1: Pen.h Contains the Class Description for Pen Book |

#ifndef PEN_H_INCLUDED Chapter7
#define PEN_H_INCLUDED

using namespace std;
enum Color

blue,
red,

black
clear

}i

enum PenStyle

{
ballpoint,
felt_tip,
fountain_pen

i

class Pen

{

public:
Color InkColor;
Color shellColor;
Color CapColor;
PenStyle Style;
float Length;
string Brand;
int InkLevelPercent;

void write_on_paper (string words)
{
if (InkLevelPercent <= 0)
{
cout << "Oops! Out of ink!" << endl;
)
else
{
cout << words << endl;
InkLevelPercent = InkLevelPercent - words.length():

void break_in_half()

{
InkLevelPercent = InkLevelPercent / 2;
Length = Length / 2.0;

)

void run_out_of_ink()
{
InkLevelPercent = 0;

}i

#endif // PEN_H_INCLUDED
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When you write a class, you always end it with a semicolon. Write that down
on a sticky note and hang it on the refrigerator. The effort spent in doing this
will be well worth avoiding the frustration of wondering why your code
won't compile.

In a class definition, you describe the characteristics and capabilities (that
is, supply the member variables and member functions, respectively).

Note in Listing 7-1, earlier in this chapter, that the member functions access
the member variables. However, we said that these variables don't have
values yet, because this is just a class, not an instance of a class. How can
that be? When you create an instance of this class, you can give values to
these member variables. Then you can call the member functions. And
here's the really great part: You can make a second instance of this class
and give it its own values for the member variables. Yes, the two instances
will each have their own sets of member variables. And when you run the
member functions for the second instance, these functions operate on the
member variables for the second instance. Isn’t C++ smart?

Now take a look at Listing 7-2. This is a source file that uses the header file in
Listing 7-1. In this code, we make use of the Pen class.

Listing 7-2: main.cpp Contains Code That Uses the Class Pen

#include <iostream>
#include *"Pen.h"

using namespace std;

int main()

{
Pen FavoritePen;

FavoritePen.InkColor = blue;
FavoritePen.ShellColor = clear;
FavoritePen.CapColor = black;
FavoritePen.Style = ballpoint;
FavoritePen.Length = 6.0;
FavoritePen.Brand = "Pilot*";
FavoritePen.InkLevelPercent = 90;

Pen WorstPen;

WorstPen.InkColor = blue;
WorstPen.ShellColor = red;
WorstPen.CapColor = black;
WorstPen.Style = felt_tip;
WorstPen.Length = 3.5;
WorstPen.Brand = "Acme Special*;
WorstPen. InkLevel Percent = 100;

cout << "This is my favorite pen® << endl;

cout << "Color: * << FavoritePen.InkColor << endl;
cout << "Brand: *" << FavoritePen.Brand << endl;
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cout << "Ink Level: " << FavoritePen.InkLevelPercent << "%" << endl; Book|
FavoritePen.write_on_paper ("Hello I am a pen"); Chapter7
cout << "Ink Level: " << FavoritePen.InkLevelPercent << "%" << endl;

return 0;

There are two variables of class Pen: FavoritePen and WorstPen. To
access the member variables of these objects, we type the name of the vari-
able, a dot (or period), and then the member variable name. For example, to
access the InkLevel Percent member of WorstPen, we type:

WorstPen.InkLevelPercent = 100;

Remember, WorstPen is the variable name, and this variable is an object. It
is an object or instance of class Pen. This object has various member vari-
ables, including InklL.evelPercent.

You can also run some of the member functions that are in these objects. In
the code, we called

FavoritePen.write_on_paper ("Hello I am a pen");

This called the function write_on_paper for the object FavoritePen.
Take a look at the code for this function, which is in the header file,
Listing 7-1:

void write_on_paper (string words)
{

if (InkLevelPercent <= 0)

{

cout << "Oops! Out of ink!" << endl;

)

else

{
cout << words << endl;
InkLevelPercent = InkLevelPercent - words.length():

This function uses the variable called InkLevelPercent. But
InkLevelPercent is not declared in this function. The reason is that
InkLevelPercent is part of the object and is declared in the class.
Suppose you call this method for two different objects, as in the following:

FavoritePen.write_on_paper ("Hello I am a pen"):
WorstPen.write_on_paper ("Hello I am another pen");

The first of these lines calls write_on_paper for the FavoritePen object;
thus, inside the code for write_on_paper, the InkLevelPercent refers
to InkLevelPercent for the FavoritePen object. It looks at and possibly
decreases the variable for that object only. But WorstPen has its own
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InkLevel Percent member variable, separate from that of FavoritePen.
So in the second of these two lines, write_on_paper accesses and possibly
decreases the InkLevel Percent that lives inside WorstPen.

In other words, each object has its own InkLevelPercent. When you call
write_on_paper, the function modifies the member variable based on
which object you are calling it with. The first line calls it with FavoritePen.
The second calls it with WorstPen. When you run this program, you see the
following output:

This is my favorite pen
Color: 0

Brand: Pilot

Ink Level: 90%

Hello I am a pen

Ink Level: 74%

Now notice something about the color line. Here's the line of code that
writes it:

cout << *"Color: * << FavoritePen.InkColor << endl;

We're writing the ITnkColor member for FavoritePen. But what type is
InkColor? It's the new enumerated type we created called color. But
something is wrong. It printed 0. Yet here’s the line where we set it:

FavoritePen.InkColor = blue:

We set it to blue, not 0. Unfortunately, that's the breaks with using enum.
You can use it in your code, but under. the hood, it just stores numbers. And
when we print it, we get a number. Well, that stinks. The compiler chooses
the numbers for you, and it starts the first in the enum list as 0, the second
as 1, then 2, then 3, and so on. Thus, blueis stored as 0, red as 1, black
as 2, and clear as 3. But, as we always say (because we're forever the
optimists), fear not! People have found a way to create a new class that
handles the enum for you (that is, it wraps around the enum), and then you
can print what you really want: blue, red, black, and clear. Take a look at
Minibook I, Chapter 8 for tips on how to do this astounding feat.

Remember that you can create several objects (also called instances) of a
single class. Each object gets its own member variables, which you declare
in the class. To access the members of an object, you use a period, or dot.

Separating member. function code

When you work with functions, you can either make sure that the code to
your function is positioned before any calls to the function, or you can use a
forward reference, also called a function prototype. We talk about this handy
little feature in Minibook I, Chapter 4.
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The string class

Ifyou've beenreading the previous chapters of
Minibook | and trying the programs, you have
seenthe string type. Now for the big secret:
string is actually a class. When you create
a variable of type string, you are creating
an object of class string. That's why, to use
the string functions, you first type the vari-
able name, a dot, and then the function name:
You are really calling a member function for
the string object thatyou created. Similarly,
when you work with pointers to strings, instead
of a dot you can use the —> notation to access

the member functions. (See “Using classes and
pointers,” later in this chapter, for more infor-
mation.) When working with newer versions
of C++, the string class is part of the std
namespace, which is why you add using
namespace std; to the beginning of your
code. If you use an older version of C++, the
string class appearsaspartofthe string
file. In this case, you include <string> to
provide the necessary header files to declare
the string class.

When you work with classes and member functions, you have a similar
option. Most C++ programmers prefer to keep the code for their member
functions outside the class definition. The class definition contains only

function prototypes, or, at least, mostly function prototypes. If the function

is one or two lines of code, people may leave it in the class definition.

When you use a function prototype in a class definition, you write the

prototype by ending the function header with a semicolon where you would
normally have the open brace and code. If your member function looks like

void break_in_half()
(
InkLevelPercent =
Length = Length / 2.0;

)

InkLevelPercent / 2;
0

a function prototype would look like

void break_in_half();

Yes, it’s true: To type this, we just copied the first line of the function, put
the cursor at the end, pressed backspace a couple times, and typed a
semicolon. We're telling you that not to brag about our prowess with the

keyboard when writing books but rather because that’s how we do it when

we actually write code. That way, we can be assured that the two lines

match. Ah, the beauty of computers. Imagine how hard it would be to write a

computer program without the help of computers.

Now after you have the function prototype in the class, you write the function

again outside the class definition. However, you need to doctor it up just
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a bit. In particular, you need to throw in the name of the class, so that the
compiler knows which class this function goes with.

The following is the same function we described earlier but souped-up with
the class information:

void Pen::break_in_half ()
{
InkLevelPercent = InkLevelPercent / 2;
Length = Length / 2.0

i

}

You would put this after your class definition. And you would want to put this
inside one of your source-code files if your class definition is in a header file.

You can use the same function name in different classes. Like variables in
different functions, function names are totally separate things. Although you
don’t want to go overboard on duplicating your function names, if you feel a
need to, you can certainly do it without a problem.

Listings 7-3 and 74 show the modified version of the Pen class, which
originally appeared earlier in this chapter in Listing 7-1. You can use these
two files together with Listing 7-2, which did not change.

Listing 7-3: Using Member Function Prototypes with
the Modified Pen.h file

#ifndef PEN_H_INCLUDED
#define PEN_H_INCLUDED

using namespace std;

enum Color
{
blue,
red,
black,
clear

}:

enum PenStyle

{
ballpoint,
felt_tip,
fountain_pen

}:

class Pen

{

public:
Color InkColor;
Color ShellColor;
Color CapColor;
PenStyle Style;
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float Length; Book |

string Brand;
int InkLevelPercent; Chapter7

void write_on_paper (string words):
void break_in_half();
void run_out_of_ink():

}i

#endif // PEN_H_INCLUDED

Listing 7-4: Containing the Member Functions for Class Pen
in the New Pen.cpp File

#include <iostream>
#include "Pen.h"

using namespace std;

void Pen::write_on_paper (string words)

{
if (InkLevelPercent <= 0)

{

cout << "Oops! Out of ink!" << endl;

)

else

{
cout << words << endl;
InkLevelPercent = InkLevelPercent - words.length():

void Pen::break_in_half()

{
InkLevelPercent = InkLevelPercent / 2;
Length = Length / 2.0

i

)

void Pen::run_out_of_ink()

{

InkLevelPercent = 0;

All the functions from the class are now in a separate source (.cpp) file.
The header file now just lists prototypes and is a little easier for us humans
to scan through. And for the source file, we included the header file at the
top. That’s required; otherwise, the compiler won’t know that Pen is a class
name, and it will get confused (as it so easily can).

The parts of a class

Here is a summary of the parts of a class and the different ways classes can
work together.

4+ C(lass: A class is a type. It includes characteristics and capabilities.
Characteristics describe the class, and capabilities describe its behavior.
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4+ Object (or instance): An object is an example of a class. Or, to put it
another way, an object’s type is the class. If you like analogies, the
object Fred is to the Human class as 17 is to int.

4+ (Class definition: The class definition describes the class. It starts with
the word class, then has the name of the class, and then an open brace
and closing brace. Inside the braces are the members of the class.

4+ Member variable: A member variable is the C++ version of a charac-
teristic in a class. You list the member variables inside the class. Each
instance of the class gets its own copy of each member variable.

4 Member function: A member function is the C++ version of a capability
of a class. Like member variables, you list the member functions inside
the class. When you call a member function for a particular instance, the
function accesses the member variables for the instance.

When you divide the class, you put part in the header file and part in the
source-code file. The following list describes what goes where:

4+ Header file: Put the class definition in the header file. You can include the
function code inside the class definition itself if it’s a short function. Most
people prefer not to put any function code longer than a line or two in
the header or don’t put any function code in the header. You may want to
name the header file the same as the class but with an .h or . hpp exten-
sion. Thus, the class Pen, for instance, might be in the file Pen . h.

4+ Source file: If your class has member functions, and you did not put the
code in the class definition, you need to put the code in a source file.
When you do, precede the function name with the class name and two
colons. (Do not put any spaces between the two colons, but you can put
spaces on either side of the pair of colons.) If you named the header file
the same as the class, you probably want to name the source file the
same as the class as well but with a . cpp or . cc extension.

Working with a Class

Many handy tricks are available for working with classes. In this section, we
explore several clever ways of working with classes, starting with the way
you can hide certain parts of your class from other functions that are
accessing them.

Accessing members

When you work with an object in real life, there are often parts of the object
that you interact with and other parts that you don’t. For example, when we
use the computer, we type on the keyboard but don’t open the box and poke
around with a wire attached to a battery. For the most part, the stuff inside
is off-limits except when we’re upgrading it.

www.it-ebooks.info


http://www.it-ebooks.info/

Working with a Class 165

In object terminology, we use the words public and private to refer to charac-
teristics and capabilities. When you design a class, you might want to make
some member variables and functions freely accessible by users of the class.
You may want to keep other classes tucked away.

First, let us explain what we mean by users of the class. When the main
function of your program creates an instance of a class and calls one

of its member functions, main is a user of the class. If you have a function
called FlippityFlop, and it creates an instance of your class and does
a few things to the instance, like change some its member variables,
FlippityFlop is a user of your class. In short, a user is any function that
accesses your class.

If you're designing a class, it’s possible that you want only these users
calling certain member functions. Other member functions you may want

to keep hidden away, to be called only by other member functions within
the class. Suppose you're writing a class called oven. This class includes a
method called Bake, which takes a number as a parameter representing the
desired oven temperature. Now you may also have a member function called
TurnOnHeatingElement and one called TurnOf fHeatingElement

Here’s how it would work. The Bake method starts out calling Turnon
HeatingElement. Then it keeps track of the temperature, and when the
temperature is correct, it calls TurnoffHeatingElement.

Now would you want somebody walking in the kitchen and calling the Turn
OnHeatingElement function without touching any of the dials, only to
leave the room as the oven gets hotter and hotter with nobody watching it? No.
You allow the users of the class to call only Bake. The other two member
functions, TurnonHeatingElement and TurnOffHeatingElement, are
reserved for use only by the Bake function.

You bar users from calling functions by making specific functions private.
Functions that you want to allow access to you make public.

After you have such a class designed, if you write a function (not a member
function) that has an object and you try to call one of an object’s private
member functions, you get a compiler error when you try to compile it. The
compiler won’t allow you to call it.

Listing 7-5 shows a sample Oven class and a main that uses it. Take a look
at the class definition. It has two sections: one private and the other public.
After the class definition, we put the code for the functions. The two private
functions don’t do much other than print a message. (Although they’re also
free to call other private functions in the class.) The public function, Bake,
calls each of the private functions, because it’s allowed to.
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Listing 7-5: Using the Public and Private Words to Hide
Parts of Your Class

#include <iostream>
using namespace std;
class Oven

private:
void TurnOnHeatingElement();
void TurnOffHeatingElement () :

public:
void Bake(int Temperature);

}i

void Oven::TurnOnHeatingElement ()

{

cout << "Heating element is now ON! Be careful!" << endl;

)

void Oven::TurnOffHeatingElement ()

{

cout << "Heating element is now off. Relax!" << endl;

)

void Oven::Bake(int Temperature)
{
TurnOnHeatingElement () ;
cout << "Baking!" << endl;
TurnOffHeatingElement () ;
)

int main()
{
Oven fred;

fred.Bake (875);
return 0;

When you run this program, you see some messages:

Heating element is now ON! Be careful!
Baking!
Heating element is now off. Relax!

Nothing too fancy here. Now if you tried to include a line in your main such
as the one in the following code, where you call a private function

fred.TurnOnHeatingElement () ;

you see an error message telling you that you can’t do it because the
function is private. In CodeBlocks, we see this message:

error: ‘void Oven::TurnOnHeatingElement()' is private
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When you design your classes, consider making all the functions private by
default, and then only make those public that you want users to have access
to. Some people, however, prefer to go the other way around: Make them all
public, and only make those private that you are sure you don't want users
to access. There are good arguments for either way; however, we prefer to
make public only what must be public. That way, we minimize the risk of
some other program, that's using your class, messing things up by calling
things the programmer doesn’t really understand.

You don't necessarily need to list the private members first followed by the
public members. You can put the public members first if you prefer. Some
people put the public members at the top so they see them first. That makes
sense. Also, you can have more than one private section and more than one
public section. For example, you can have a public section, a private section,
and then another public section, as in the following code:

class Oven

{
public:
void Bake(int Temperature);

private:
void TurnOnHeatingElement();
void TurnOffHeatingElement () ;

public:
void Broil();
};

But we recommend having only one public section and only one private
section (or no private sections). This minimalism keeps your code neater.

Using classes and pointers

As with any variable, you can have a pointer variable that points to an
object. As usual, the pointer variable's type must match the type of the
class. This creates a pointer variable that points to a Pen instance:

Pen *ptrMyPen;

The variable ptrMyPen is a pointer, and it can point to an object of type
Pen. The variable's own type is pointer to Pen, or in C++ notation, Pen *.

A line of code like Pen *ptrMyPen; creates a variable that serves as a
pointer to an object. But this line, by itself, does not actually create an
instance. By itself, it points to nothing. To create an instance, you have to
call new. This is a common mistake among C++ programmers; sometimes
people forget to call new and wonder why their programs crash.

After you create the variable ptrMyPen, you can create an instance of class
Pen, and point ptrMyPen to it using the new keyword like so:
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ptrMyPen = new Pen;

Or you can combine both Pen *ptrMyPen; and the preceding line:

Pen *ptrMyPen = new Pen;

Now you have two variables: You have the actual object, which is unnamed
and sitting on the heap (see Minibook I, Chapter 6, for more information on
pointers and heaps). You also have the pointer variable, which points to the
object: two variables working together.

Because the object is out on the heap, the only way to access it is through
the pointer. To access the members through the pointer, you use a special
notation that is a minus sign followed by a greater-than sign, which looks like
an arrow, as in the following line:

ptrMyPen->InkColor = red:
This goes through the pointer to set the InkCcolor of the object to red.

Get used to working with pointers and using the pointer notation for
accessing the members of an object. It's not just a programming language;
it's a way of life!

Although we like to begin a pointer variable's name with ptr, we sometimes
forgo that when we're working with objects. Most object work involves
objects on the heap, so you are always accessing objects through pointers.
In our minds, we connect the two into one, and we feel like the pointer
variable is the object, so we don't use the ptr prefix.

If we decide not to start our pointer variable names with ptr, the previous
lines of code would look like this instead:

Pen *MyPen = new Pen;
MyPen->InkColor = red:

As with other variables you created with new, after you are finished using an
object, you should call delete. To do so, start with the word delete and
then the name of the object, as in this:

delete MyPen:

Store a 0 in the pointer after you delete it (which really means delefe the
object it’s pointing to). When you call delete on a pointer to an object, you
are deleting the object itself, not the pointer. If you don't store a 0 in the
pointer, it still points to where the object used fo be.
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Listing 7-6 shows a process of declaring a pointer, creating an object and
pointing to it, accessing the object’s members through the pointer, deleting
the object, and clearing the pointer back to 0.

Listing 7-6: Managing an Object’s Life

#include <iostream>
#include *"Pen.h"

using namespace std;

int main()

{
Pen *MyPen;
MyPen = new Pen;

MyPen->InkColor = red;
cout << MyPen->InkColor << endl;

delete MyPen;
MyPen = 0;

return 0;
}

Table 7-2 reiterates the process (steps) shown in Listing 7-6 in a more formal
way. We call Table 7-2 “Steps to Using Objects,” rather than something more
specific such as “Using Objects with Pointers,” because the majority of

your work with objects will be through pointers. Therefore, this is the most
common way of using pointers.

Table 7-2 Steps to Using Objects

Scep Sample Code Action

1 Pen *MyPen; Declares the painter

2 MyPen = new Pen; Calls new to create the abject

3 MyPen->InkColor = red; Accesses the members of the
object through the painter

4 delete MyPen; Deletes the object

5 MyPen = 0; Clears the pointer

Now that you have an overview of the process through Listing 7-6 and
understand the basics through Table 7-2, let's formalize the procedure. The
following steps describe precisely how to work with pointers and objects:
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1. Declare the pointer.

The pointer must match the type of object you are going to work with,
except the pointer’s type name in C++ is followed by an asterisk, *.

2. Call new, passing the class name, and store the results of new in the
pointer.

You can combine Steps 1 and 2 into a single step.

3. Access the object’s members through the pointer with the shorthand
notation ->.

You could dereference the pointer and put parentheses around it, but
everyone uses the shorthand notation.

4. When you are finished with the pointer, call delete.

This step frees the object from the heap. Remember that this does not
delete the pointer itself, although programmers usually say that they're
deleting the pointer.

5. Clear the pointer by setting it to 0.

If your delete statement is at the end of the program, you don’t need to
clear the pointer to 0.

Passing objects to functions

When you write a function, normally you base your decision about using
pointers on whether or not you want to change the original variables passed
into the function. Suppose you have a function called 2ddone, and it takes
an integer as a parameter. If you want to modify the original variable, you
can use a pointer (or you can use a reference). If you don’t want to modify
the variable, just pass the variable by value as it’s called.

The following prototype represents a function that can modify the variable
passed into it:

void AddOne (int *number) ;

And this prototype represents a function that cannot modify the variable
passed into it:

void AddOne (int number);

With objects, you can do something similar. For example, this function takes
a pointer to an object and can, therefore, modify the object:

void FixFlatTire (Car *mycar);

But what do you suppose this would do:

void FixFlatTire (Car mycar)
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Based on what we said previously, most likely the function gets its own
car instance that cannot be modified. That's correct, but consider that for
a moment: The function gets its own instance. In other words, every time
you call this function, it creates an entirely new instance of class car. This
instance would be a duplicate of class car — except that it wouldn't be the
same instance. Just a copy of it.

When you work with objects, a copy is not always a sure thing. What if the
object has member variables that are pointers to other objects? Will the
copy gel copies of those pointers, which in turn point to those same other
objects? Or does this object's members point to its own other objects? Are
those objects copies or the originals?

Always pass objects as pointers. Don't pass objects directly into functions.
Yes, it risks bad code changing the object, but careful C++ programmers
want the actual object, not a copy. That outweighs the risk of an accidental
change. This chapter explains how to prevent accidental changes by using
the const parameters.

So just do this:

void FixFlatTire(Car *mycar);

If you like references, you are welcome to do this:

void FixFlatTire(Car &mycar);
But don't just pass the object. It's messy and not nice.

Because your function receives its objects as pointers, you continue
accessing them by using the -> notation. For example, the function
FixFlatTire may do this:

void FixFlatTire(Car *mycar)
{
mycar->RemoveTire() ;
mycar->AddNewTire() ;
}

Or, if you prefer references, you would do this:

void FixFlatTire2(Car smycar)
{

mycar .RemoveTire() ;

mycar .AddNewTire() ;
}

In this code, because you're dealing with a reference, you access the object’s

members using the dot rather than the -> notation.
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Another reason to use only pointers and references as parameters for
objects is that a function that takes an object as a parameter usually wants
to change the function. Such changes require pointers or references. When
you don’t want the function to modify the object, use const, which is
covered in the following section.

Using const parameters in functions

If a function takes an object as a parameter and you're passing it by using a
pointer or reference but don't want the function modifying the object, use
the word const in the function header. If you insert const before the type
in the parameter list, the compiler does not let the function code modify the
object. Such code causes a compiler error.

The const word is useful because you generally don't want to pass an
object directly. That involves copying the object, which is messy. Instead,
you normally pass by using a pointer or reference, which would allow you
to change the object. If you put the word const before the parameter, the
compiler will not allow you to change the parameter. In Listing 7-7, we have
inserted const before the parameter. The function can look at the object
but can't change it.

Listing 7-7: The Inspect Function Is Not Allowed to
Modify Its Parameter

#include <iostream>
#include *Pen.h*

using namespace std;

void Inspect{const Pen *Checkitout)

{
cout << Checkitout->Brand << endl;

}

int main()

{
Pen *MyPen = new Pen{);
MyPen->Brand = °*Spy Plus Camera“;
Inspect {MyPen);

return 0;
}

Now suppose that you tried to change the object in the Inspect function.
You may have put a line in that function like this:

Checkitout->Length = 10.0;
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If you try this, the compiler issues an error. In CodeBlocks, we get Book |
Chapter 7

error: assignment of data-member ‘Pen::Length' in read-only structure

If you have multiple parameters, you can mix const and non-const. If you
go overboard, this can be confusing. The following line shows two parameters
that are const and another that is not. The function can modify only the

members of the object called one. o

void Inspect{const Pen *Checkitout, Spy *one, const Spy *two):

Using the this pointer
Consider a function called oneMoreCheeseGone. It's not a member function,

but it takes an object of instance Cheese as a parameter. Its prototype looks
like this:

void OneMoreCheeseGone{Cheese *Block) ;

This is just a simple function with no return type. It takes an object pointer
as a parameter. For example, after you eat a block of cheese, you can call:

OneMoreCheeseGone (MyBlock) ;

Now consider this: If you have an object on the heap, it has no name. You
access it through a pointer variable that points to it. But what if the code is
currently executing inside a member function of an object? How do you refer
to the object itself?

C++ has a secret variable that exists inside every member function: this. It's
a pointer variable. The this variable always points to the current object. So
if code execution is occurring inside a member function and you want to call
OneMoreCheeseGone, passing in the current object (or block of cheese),
you would pass this.

Listing 7-8 demonstrates this. The this listing has four main parts. First
is the definition for the class called Cheese. The class contains a couple of
member functions.

Next is the function oneMoreCheeseGone along with a global variable that
it modifies. This function subtracts one from the global variable and stores a
string in a member variable, status, of the object passed to it.

Next come the actual member functions for class Cheese. (We put these
functions after the oneMoreCheeseGone function because they call it. If we
used a function prototype as a forward reference for oneMoreCheeseGone,
the order wouldn’t matter.)
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Finally we have main, which creates two new instances of Cheese. Then it
sets the global variable to 2, which keeps track of the number of blocks
left. Next, it calls the eat function for the asiago cheese and rot for the
limburger cheese. And then it prints the results of everything that
happened: It displays the Cheese count, and it displays the status
variable of each object.

Listing 7-8: Passing an Object from Inside Its Member
Functions by Using the this Variable

#include <iostream>
using namespace std;

class Cheese

{

public:
string status;
void eat();
void rot();

}i
int CheeseCount;

void OneMoreCheeseGone (Cheese *Block)

{
CheeseCount--;
Block->status = "Gone";

void Cheese::eat ()

{
cout << "Eaten up! Yummy" << endl;
OneMoreCheeseGone (this) ;

)

void Cheese::rot ()

{
cout << "Rotted away! Yuck" << endl;
OneMoreCheeseGone (this) ;

)

int main{()

{
Cheese *asiago = new Cheese():
Cheese *limburger = new Cheese();

CheeseCount = 2;

aslago->eat();
limburger->rot():

cout << endl;
cout << "Cheese count: " << CheeseCount << endl;
cout << "aslago: " << asiago->status << endl;

cout << "limburger: " << limburger->status << endl;

return 0;
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When you run the program in Listing 7-8, you see this output:

Eaten up! Yummy
Rotted away! Yuck

Cheese count: 0
asiago: Gone
limburger: Gone

The first line is the result of calling asiago->eat (), which prints one
message. The second line is the result of calling 1imburger->rot (), which
prints another message.

The third line is simply the value in the variable CheeseCount. This
variable was decremented once each time the computer called the
OneMoreCheeseGone function. Because the function was called twice,
CheeseCount went from 2 to 1 to 0.

The final two lines show the contents of the status variable in the two
objects. (The oneMoreCheeseGone function had stored the string Gone in
these variables.)

Take a careful look at the OneMoreCheeseGone function. It operated on the
current object that came in as a parameter by setting its status variable to
the string Gone. Where did the parameter come from? The member function
eat called it, passing the object itself by using the this pointer. The
member function rot also called it, again passing the object itself via the
this pointer.

Overloading member functions

You may want a member function in a class to handle different types of
parameters. For example, you might have a class called Door and a member
function called GoThrough. You might want the GoThrough function to
take as parameters an object of class Dog, an object of class Human, or an
object of class cat. Depending on which class is entering, you might want to
change the GoThrough function’s behavior.

A way to handle this is by overloading the GoThrough function. C++ lets you
design a class that has multiple member functions that are all named the
same. However, the parameters must differ between these functions. With
the GoThrough function, one version will take a Human, another a Dog, and
another a cat.

Go through the code in Listing 7-9 and notice the GoThrough functions.
There are three of them. Now look at main. It creates four different objects —
a cat, a dog, a human, and a door. It then sends each creature through the
door.
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Listing 7-9: Overloading Functions in a Class

#include <iostream>
using namespace std;

class Cat

{
public:
string name;

}i

class Dog
{
public:
string name;

}i

class Human

{
public:
string name;

}i
class Door

private:
int HowManyInside;

public:
void Start();
void GoThrough(Cat *acat);
void GoThrough(Dog *adog);
void GoThrough (Human *ahuman);

}i

void Door::Start ()

{
HowManyInside = 0;

)

void Door::GoThrough(Cat *somebody)
{

cout << "Welcome, " << gomebody->name << endl;
cout << "A cat just entered!" << endl;
HowManyInside++:;

)

void Door::GoThrough(Dog *somebody)
{

cout << "Welcome, " << somebody->name << endl;
cout << "A dog just entered!" << endl;
HowManyInside++;

)

void Door::GoThrough (Human *somebody)
(

cout << "Welcome, " << somebody->name << endl;
cout << "A human just entered!" << endl;
HowManyInside++;
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int main()

Door entrance;
entrance.Start();

Cat *SneekyGirl = new Cat;
SneekyGirl->name = "Sneeky Girl";

Dog *LittleGeorge = new Dog;
LittleGeorge->name = "Little George":

Human *me = new Human;
me->name = “"Jeff";

entrance.GoThrough (SneekyGirl) ;
entrance.GoThrough(LittleGeozrge) ;
entrance.GoThrough (me) ;

delete SneekyGirl;
delete LittleGeorge;
delete me;

return 0;

The program allows them to enter like humans. The beginning of this
program declares three classes, Cat, Dog, and Human, each with a name
member. Next is the Door class. A private member, HowManyInside, tracks
how many beings have entered. Then we have a public function called
Start, which activates the door. Finally, the class contains the overloaded
functions. They all have the same name and the same return type. You can
have different return types, but they must differ by parameters. These do;
one takes a Cat pointer; one takes a Dog pointer; and one takes a Human
pointer.

Next is the code for the member functions. The first function, start, is
easy to activate. It sets HowManyInside to 0. The next three functions are
overloaded. They do similar things, but they write slightly different messages.
Each takes a different type.

Then we have main, which creates a Door instance. We didn’t make this a
pointer (just to show that you can mix pointers with stack variables in a
program). After creating the Door instance, we called its Start function.
Next, we created three creature instances: one Cat, one Dog, and one
Human. We also set the name member variables for each.

Then we call the entrance.GoThrough function. The first time we pass

a Cat, then we pass a Dog, and then we pass a Human. (Sounds painful.)
Because you can see the Door class, you know that we're calling three
different functions that happened to be all named the same. But when we’re
using the class, we consider them all one function that happens to accept
either a Cat, a Dog, or a Human. That’s the goal of overloading: to create
what feels like versions of the one function.
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Starting and Ending with Constructors and Destructors

You can add two special functions to your class that let you provide special
startup and shutdown functionality. These are called a constructor and a
destructor. The following sections provide the secret details about these nifty
functions.

Starting with constructors

When you create a new instance of a class, you may want to do some basic
setup on the object. Suppose you have a class called Apartment, with a pri-
vate member variable called NumberOfOccupants and a member function
called ComeoniIn. The code for ComeOnIn adds 1 to NumberOfOccupants

When you create a new instance of Apartment, you probably want to start
NumberOfOccupants at 0. The best way to do this is by adding a special
member function, a constructor, to your class. This member function has a
line of code such as

NumberOfOccupants = 0;

Whenever you create a new instance of the class Apartment, the
computer first calls this constructor for your new object, thereby setting
NumberOfOccupants to 0.

Think of the constructor as an initialization function: The computer calls it
when you create a new object.

To write a constructor, you add it as another member function to your class,
and you make it public. You name the constructor the same as your class.
For the class Apartment, we would name our constructor Apartment. The
constructor has no return type, not even void. You can have parameters in
a constructor; see “Adding parameters to constructors,” later in this chapter.

Listing 7-10, later in this section, shows a sample constructor along with a
destructor, which we cover in the next section.

Ending with destructors

When you delete an instance of a class, you might want some cleanup code
to straighten things out before the object goes off to the classroom in the
sky. For example, your object may have member variables that are pointers
to other objects. You may want to delete those other objects.

You put cleanup code in a special function called a destructor. A destructor is
a finalization function that the computer calls before it deletes your object.
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The destructor function gets the same name as the class, except it has a
tilde, ~, at the beginning of it. (The tilde is usually in the upper-left corner
of the keyboard.) For a class called squirrel, the destructor would be
~Squirrel. The destructor does not have a return type, not even void,
because you can't return anything from a destructor (the object is gone,
after all). You just start with the function name and no parameters.

The next section, “Sampling constructors and destructors,” shows an
example that uses both constructors and destructors.

Constructors and destructors are a way of life for C++ programmers. Nearly
every class has a constructor, and many also have a destructor.

Sampling constructors and destructors

Listing 7-10 uses a constructor and destructor. This program involves two
classes, the main one called squirrel that demonstrates the constructor
and destructor, and one called walnut, which is used by the squirrel
class.

The squirrel class has a member variable called MyDinner thatis a
pointer to a Wwalnut instance. The squirrel constructor creates an
instance of Walnut and stores it in the MyDinner variable. The destructor
deletes the instance of Walnut.

In main, we create two instances of squirrel. Each instance gets its own
Walnut to eat. Each squirrel creates its walnut when it starts and
deletes the Walnut when the squirrel is deleted.

Listing 7-10: Initializing and Finalizing with Constructors
and Destructors

#inclugde <iostream>

using namespace stdg;

class Walnut

{
public:
int Size;

}:

class Squirrel
{
private:
Walnut *MyDinner;

public:
Squirrel();
~Squirrel();
(continued)
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Listing 7-10: (continued)

Squirrel::Squirrel()

{
cout << "Starting!" << endl;
MyDinner = new Walnut;
MyDinner->Size = 30;

)

Squirrel::~Squirrel()

{
cout << "Cleaning up my mess'" << endl;
delete MyDinner;

)

int main()

{
Squirrel *Sam = new Squirrel;
Squirrel *Sally = new Squirrel;

delete Sam;
delete Sally;

return 0;

Notice in this code that the constructor has the same name as the class,
Sqguirrel. The destructor also has the same name, but with a tilde,

tacked on to the beginning of it. Thus, the constructor is Squirrel and the
destructor is ~Squirrel.

When you run this program, you can see the following lines, which were spit
up by the squirrel in its constructor and destructor. (You see two lines of
each because we created two squirrels.)

Starting!
Starting!
Cleaning up my mess!
Cleaning up my mess!

If our Walnut class also had a constructor and destructor, and we made the
MyDinner member an actual variable in the Squirrel class rather than a
pointer, the computer would create the Walnut instance after it creates the
Squirrel instance but before it calls the Squirrel constructor. It then
deletes the Walnut instances when it is deleting the Squirrel instance,
after it finishes calling the ~squirrel destructor. It would do this for each
instance of squirrel, so that each squirrel gets its own Walnut, as
before.
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Constructors and destructors with stack variables

In Listing 7-10, we created the two Squirrels You can do this, and the program will run fine,
on the heap by using pointers and calling provided you remove the delete lines. You

Squirrel *Sam = new Squirrel;
Squirrel *Sally = new Squirrel;

do not delete stack variables. The computer
calls the destructor when the main function
ends. That's the general rule with objects on

But we could have made them on the stack by  the stack: They are created when you declare
just declaring them without painters: them, and they stay until the function ends.
Squirrel Sam;
Squirrel Sally;

Adding parameters to constructors

Like other functions, constructors allow you to include parameters. When
you do, you can use these parameters in constructors in your initialization
process. To use them, you list the arguments inside parentheses when you
create the object.

Although int has a constructor, it is not actually a class. However, the
runtime library (that big mass of code that gets put in with your program by
the linker) includes a constructor and destructor that you can use when
calling new for an integer.

Suppose that you want the squirrel class to have a member variable
called name. Although you could create an instance of squirrel and then
set its name variable, you can specify the name directly by using a constructor.
The constructor’s prototype would look like this:

Squirrel (string StartName) ;

Then, you would create a new instance like so:

Squirrel *Sam = new Squirrel(®Sam");

The constructor is expecting a string, so you pass a string when you
create the object.

Listing 7-11 shows a program that includes all the basic elements of a class
with a constructor that accepts parameters.
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Listing 7-11:  Placing Parameters in Constructors

#include <iostream>

using namespace std;

class Squirrel

{
private:
string Name;

public:
Squirrel (string StartName);
void WhatIsMyName();

};

Squirrel::Squirrel (string StartName)
{
cout << "Starting!" << endl:
Name = StartName;
}

void Squirrel::WhatIsMyName()
{

cout << "My name is * << Name << endl;
}

int main()

{
Squirrel *Sam = new Squirrel("Sam");
Squirrel *Sally = new Squirrel("Sally");

Sam->WhatIsMyName () ;
Sally->WhatIsMyName() ;

delete Sam;
delete Sally:

return 0;

In main, we passed a string into the constructors. In the code for the
constructor, we're taking the string parameter called startName and
copying it to the member variable called Name. In the What IsMyName
function, we write it to the console.

You cannot include parameters in a destructor. The C++ language does not
allow it.

Building Hierarchies of Classes

When you start going crazy describing classes, you usually discover
hierarchies of classes. For example, you might say you have a class Vehicle.
But we might say, we can divide your class Vehicle into classes Car,
Pickup Truck, Tractor Trailer, and SUV.
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Then you might say that you can take the car class and divide it into such
classes as Station Wagon, Four-door Sedan, and Two-door Hatchback.

Or we could divide Vehicle into car brands, such as Ford, Honda, and
Toyota. Then we could divide the class Toyota into models, such as
Tercel, Celica, Camry, and Corolla.

You can create similar groupings of objects for the other class hierarchies;
your decision depends on how you categorize things and how the hierarchy
is used.

In the hierarchy, class Vehicle is at the top. This class has characteristics
that you find in every brand or model of vehicles. For example, all vehicles

have wheels. How many they have varies, but it doesn’t matter at this point
because classes don’t have specific values for the characteristics.

Each brand has certain characteristics that might be unique to it, but each
has all the characteristics of class Vehicle. That’s called inheritance. The
class Toyota, for example, has all the characteristics found in Vehicle.
And the class Celica has all the characteristics found in Toyota, which
includes those inherited from Vehicle.

Creating a hierarchy in C++

In C++, you can create a hierarchy of classes. When you take one class and
create a new one under it, such as creating Toyota from Vehicle, you are
deriving a new class.

To derive a class from an existing class, you write the new class as you
would any other class, but you extend the header after the class name with a
colon, :, the word public, and then the class you're deriving from, as in the
following class header line:

class Toyota : public Vehicle {

When you do so, the class you create (Toyota) inherits the member variables
and functions from the previous class (Vehicle). For example, if vehicle
has a public member variable called NumberOfWwheels and a public member
function called Drive, the class Toyota has these members, although you
didn’t write the members in Toyota.

Listing 7-12 shows a class inheritance. We started with a class called
Vehicle, and we derived a class called Toyota. In main, we created an
instance of Toyota, and we called two member functions for the instance,
MeAndMyToyota and Drive. The definition of the Toyota class does

not show a Drive function. The Drive function was inherited from the
Vehicle class. You can call this function like a member of the Toyota class
because in many ways it is.
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Listing 7-12:  Deriving One Class from Another

#include <iostream>
using namespace std;

class Vehicle

{
public:
int NumberOfWheels;

void Drive()

{
cout << "Driving, driving, driving...* << endl;

}

class Toyota : public Vehicle
{
public:

void MeAndMyToyota ()

{
cout << *"Just me and my Toyota!" << endl;

}

int main()

{
Toyota MyCar;
MyCar.MeAndMyToyota() ;
MyCar.Drive() ;

return 0;
}

When you run this program, you see the output from two functions:

Just me and my Toyota!
Driving, driving, driving...

Some people use the term parent class for the first class in a hierarchy and
child for the one that is derived. However, these are not the best terms
because some people use them to mean that one class has an instance of
another class as a member variable. In that case, the parent class has as a
member the child class. A better term is base class and derived class. You
derive a class from the base class. The result is a derived class.

Understanding types of inheritance

When you create a class, member functions can access both public and
private member variables and functions. Users of the class can access only
the public member variables and functions. But when you derive a new
class, the picture changes. The derived class cannof access the private
members in its own class. Private members are reserved for a class itself
and not for any derived class.
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When members need to be accessible by derived classes, there's a specification Book |
you can use beyond public and private: protected. Chapter 7

Protected members and private members work the same way, but derived
classes can access only protected members, not private members. Users
can't access either class.

We avoid private members unless we know that we won't derive classes « S
from a member. When we've derived classes from other people’s classes

with private unprotected members, we couldn't add all the cool features we

wanted. My derived class required access to those private members, so we

had to mess up the original code to modify the original class. If the original
programmer had used protected members, our derived class could access

the members without changing the original code!
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Chapter 8: Using Advanced
C++ Features

In This Chapter

1+ Using comments

»» Working with conversions, consoles, and preprocessor directives
1+ Manipulating constants, enums, and random numbers

»* Structuring your code with switch statements

»* Managing arrays of data

C++ has so much to offer that we thought we’d give you a mixture of
advanced topics you can explore in C++. So for starters, we're going to
talk a bit about some fundamental issues in C++ that become important as
you advance your programming career.

Filling Your Code with Comments

We have a task for a friend of ours. We want him to turn our refrigerator

around and repair the compressor. We're not going to give him any details
about how to do this, and we don’t want him to look in a manual. Just grab
the tools, go at it, and try to fix the thing. Now doesn’t that sound like fun?

Unless he happens to be an expert on refrigeration devices, it’s doubtful
that he’d get very far, especially without hurting himself.

Now in computer programming, the risk of hurting yourself is pretty low,
barring things like monitors falling on you or keyboards jumping up and
attacking you. Nevertheless, other people occasionally have to fix your pro-
grams, so it's a good idea for you to provide adequate explanations of what
your programs do.

How do you explain your programs? You put what are called comments in

your code. A comment is simply some words in the code that the compiler
ignores and you put in for the benefit of the humans reading the code.
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For example, you may have some code like this:

total = 10;
for (i = 0; i < 10; i++)
{
total = (total + i) * 3;

}

But this code may not be very clear to your coworkers (or to you if you put
it away for six months and come back later to look at it). So instead, you can
add some comments. You denote a comment in C++ by starting a line with
two slashes, as follows:

// Initialize total to the number
// of items involved.
total = 10;

// Calculate total for the
// first ten sets.
for (i = 0; i < 10; i++)
{
total = (total + i) * 3;

}

Now the people working on the project can understand what the code does.
Note the white space between the groups of code. Using white space helps
someone looking at the code see where one thought ends and another
begins. You should always include white space in your code so that other
developers can read the code more easily.

Of course, you could put comments like this:

// My salary is too low
// I want a raise
total = 10;

// Someday they'll recognize
// my superior talents!
for (i = 0; i < 10; i++)
{
total = (total + i) * 3;

}

However, comments like this don't have much use in the code; besides, they
may have the reverse effect from what you're hoping for!

A comment is ignored by a compiler (but not always by other humans). You

can write whatever you want as comments, and the compiler pretends that
it's not even there. (Your boss, however, may notice, so use discretion.)
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A comment begins with //, and it can begin anywhere on the line. In fact, Book |
contrary to what you might think, you can even put comments at the end of Chapter 8
a line containing C++ code, instead of on a separate line. Using comments on

a code line lets you focus a comment on just that line, as follows:

int subtotal = 10; // Initialize the subtotal value to 10.
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This comment gives a little more explanation of what the line does. You
normally use line comments like this when you want to tell others what kind
of information a variable holds or explain a complex task. Normally, you
explain blocks of code as shown earlier in this section.

You can use two kinds of comments in C++. One is the double-slash (as
we've already described). When the compiler sees two slashes, it treats
the rest of that line as a comment. That is, the comment runs from the two
slashes to the end of the line. The other kind of comment begins with a
slash-asterisk, /*, and ends with an asterisk-slash, */. The comments go
between these delimiters and can span several lines, as in the following
example:

/* This program separates the parts of the
sandwich into its separate parts. This
process is often called ®"separation of
parts".

(c) 1964 Sandwich Parts Separators, Inc.

*/

This is all one comment, and it spans multiple lines. You normally use this
kind of comment to provide an overview of a task or describe the purpose
of a function. This kind of comment also works well for the informational
headings that some large company applications require. As with other com-
ments, you can put these anywhere in your code, provided you don't break
a string or word in two by putting a comment in the middle. Nobody likes to
be broken in two, and C++ words are no different.

Much of the code in the remainder of this chapter has comments in it so you
can see how we use comments and so you can get a few more ideas about
how the code works.

Some beginning programmers get the mistaken idea that comments appear
in the program window when the program runs. That is not the case. A com-
ment does not write anything to the console. To write things to the console,
use cout.

Converting Types

Sometimes you just don’t have the type of things you want. You might want
to trade in your 1999 Ford Taurus for that brand-new Porsche. But, needless
to say, unless you have plenty of money, that might be pretty hard.
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But converting between different types in C++, now that'’s a lot easier. For
example, suppose you have a string variable called digits, and it holds the
string "123". Further, you want to somehow get the numbers inside that
string into an integer variable called amount. Thus, you want amount to
hold the value 123; that is, you want to convert the string to a number.

In Listing 8-1, later in this chapter, we show you how you can convert
between numbers and strings. Minibook I, Chapter 6 shows some sample
code for converting a number to a string. Here we employ that same tech-
nique along with a similar technique for converting a string back to a
number.

Converting strings is an interesting concept in C++ because a really great
feature lets you write to and read from a string just as you would to and from
a console. For example, although you can write a number 12 out to a console
by using code like this:

cout << 12;

you can actually do the same thing with strings: You can write a number 12
to a string, as in

mystring << 12;

After this line runs, the string contains the value "12". However, to do this,
you need to use a special form of string called a stringstream. In the
never-ending world of computer terminology, a stream is something that
you can write to and read from in a flowing fashion (think about bits flowing
through a wire — much as a stream flows along a waterbed). For example,
you might write the word "hello" to a stringstream, then the number
87, and then the word "goodbye". After those three operations, the string
contains the value "hello87goodbye".

And you can similarly read from a stream. In the section “Reading from the
Console,” later in this chapter, we show you how you can read from a con-
sole by using the > notation. When you read from the console, although your
program stops and waits for the user to enter something, the real stream
technology takes place after the user types something: After the console has
a series of characters, your program reads in the characters as a stream, one
data type after other. You can read a string, then a series of numbers, and
another string, and so on.

With stringstream, you can do something similar. You would fill the string
with something, rather than having the user fill it, as in the case of a console.
From there, you can begin to read from the string, placing the values into
variables of different types. One of these types is integer. But because the
stringstream is, at heart, just a string, that’s how you convert a string of
digits to an integer: You put the digit characters in the string, and read the
string as a stream into your integer. Pretty snazzy!
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The only catch to using these is that you need to know in advance which
kind of streaming you want to do. If you want to write to the stringstream,
you create an instance of a class called ostringstream. (The o is for
output.) If you want to read from a stringstream, you create an instance of
a class called istringstream. (The i is for input.)

Listing 8-1 includes two handy functions that you may want to save for your
own programming experience later. One is called StringToNumber, and the
other is called NumberToString.

Listing 8-1: Converting Between Types Is Easy

#include <iostream>
#include <sstream> // for istringstream, ostringstream

using namespace std;

int StringToNumber (string MyString)

{
istringstream converter (MyString); // Converts from string to number.
int result; // Contains the operation results.

// Perform the conversion and return the results.
converter >> result;
return result;

string NumberToString (int Number)

{

ostringstream converter; // Converts from number to string.

// Perform the conversion and return the results.
converter << Number;
return converter.str();

int main()

float NumberOfKids; // Contains the theoretical number of kids.
int ActualKids; // Contains an actual number of kids.

/* You can theoretically have 2.5 kids, but in the real world,
you can't. Convert the theoretical number of kids to a real
number by truncating NumberOfKids and display the results. */

cout << "Float to Integer" << endl;

cout << " (Truncated)" << endl;

NumberOfKids = 2.5;

ActualKids = (int)NumberOfKids;

cout << NumberOfKids << " " << ActualKids << endl;

// Perform the same task as before, but use a theoretical 2.1
// kids this time.

NumberOfKids = 2.1;

ActualKids = (int)NumberOfKids;

cout << NumberOfKids << " " << ActualKids << endl;

// This time we'll use 2.9 kids.
(continued)
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Listing 8-1 (continued)

NumberOfKids = 2.9;

ActualKids = (int)NumberOfKids;

cout << NumberOfKids << * " << ActualKids << endl;
cout << "Float to Integer® << endl;

// This process rounds the number, instead of truncating it.
// We do it using the same three numbers as before.

cout << *"(Rounded)* << endl;

NumberOfKids = 2.5;

ActualKids = (int) (NumberOfKids + .5);

cout << NumberOfKids << " " << ActualKids << endl;

// Do it again using 2.1 kids.

NumberOfKids = 2.1;

ActualKids = (int) (NumberOfKids + .5);

cout << NumberOfKids << " " << ActualKids << endl;

// Do it yet again using 2.9 kids.

NumberOfKids = 2.9;

ActualKids = (int) (NumberOfKids + .5);

cout << NumberOfKids << " " << ActualKids << endl;
cout << endl << *"Integer to Float®" << endl;

// In this case, use the StringToNumber() function to perform the
// conversion.

ActualKids = 3;

NumberOfKids = ActualKids;

cout << NumberOfKids << endl << endl;

cout << "String to number® << endl;

int x = StringToNumber(®12345*) * 50;

cout << x << endl << endl;

// In this case, use the NumberToString() function to perform the
// conversion.

cout << "Number to string® << endl;

string mystring = NumberToString(80525323);

cout << mystring << endl;

return 0;

StringToNumber takes a string, copies it into an istringstream, and
then reads it into an integer. NumberToString takes an integer, writes it to
an ostringstream, and then copies it to a string.

Feel free to use the stringToNumber and NumberToString functions in
your own code. Sooner or later, you are likely to need to convert between
integers and strings, and these functions can help you out without having to
go search for the answers yourself.

Another kind of conversion that's useful is converting floating-point num-
bers (that is, numbers with a decimal point) and integers and vice versa. In
C++, this conversion is easy: You just copy one to the other, and C++ takes
care of the rest. The only catch is that when C++ converts from a float to an
integer, it always truncates. That is, it doesn’'t round up: When it converts
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5.99 to an integer, it doesn’t go up to 6; it goes down to 5. But there's an
easy trick around that: Add 0.5 to the number before you convert it. If the
number in the upper half (that is, from .5 to .9999 and so on), that 0.5 first
takes the number above or equal to the upper whole number. Then, when
the function rounds the number, the number will round down to the upper
whole number.

So, for example, if you start with 4 .6, just converting it gets you a 4. But if
you add .5, you first get 5.1, and then when you convert that, you get 5. It
works!

Going the other direction is even easier: To convert an integer to a float, you
just copy it. If i is an integer, and f is a float, you just set it as follows to con-
vert it:

f=1i;

Whenever you convert from a float to an int or from an int to float,
you must tell the compiler that you know what you're doing by adding
(int) or (float) in front of the variable. Adding these keywords is called
coercion or type conversion. The act of coercing one type to another is called
casting. For example, the following tells the compiler that you know you're
converting from a float to an int:

ActualKids = (int)NumberOfKids;

If you leave the (int) part out, the compiler displays a warning like this one:

warning: converting to 'int' from ‘float'

Using the proper coercion code is important because it also tells other
developers that you really do mean to perform the type conversion.
Otherwise, other developers will point to that area of your code and deem
it the source of an error, when it might not be the true source. Using proper
coding techniques saves everyone time.

When you run this program, you see the results of all these conversions.
The first big batch inside main puts different floating-point values into
NumberOfKids (starting with the usual 2.5 number of kids, of course) and
then converts these two integers. In the first batch, we didn't add 0.5, so

it just rounds it down. You can see in the output for this section that all the
numbers were rounded down. The first number in each pair is the original
floating-point value, and the second number is the number converted to an
integer. Notice that the program always rounded down:

Float to Integer
{(Truncated)
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Tips for making numeric conversions
more precise

If you are doing some sophisticated arithmetic
by using a mixture of floats and integers, the
suggestions in the following list will make sure
that your answers come out right:

v Don't be afraid to use temporary variables:
If you have an integer and need a float ver-
sion of it, dont be afraid to create a tempo-
rary variable that's a £1cat that holds the
value. The following lines do this for you:

float MyFloat = int;

v Convert everything to floating paint: Make
sure that you convert all your integers to
floating points before you use them in the
operations. For example, in the following
two lines of code, MyF1oat will not get
2.5, the answer of 5 divided by 2. Instead,
it gets the integer (that is, rounded) value

of 2. To fix this, first convert MyInt to a
float before doing this operation. Then
you will get 2 . 5 forMyFloat.

int MyInt = 5;
float MyFloat = MyInt / 2;

Try casting: If you want to use an integer in
an arithmetic operation that involves floats
and you don‘t want to create a special
f1oat variable forit, you can just throw the
word float in parentheses before the inte-
ger in the operation. This is called a cast and
the C++ compiler temporarily converts the
variable to the type in parentheses. The fol-
lowing lines do this, and this time MyFloat
gets the value 2. 5, as you want.

int MyInt = 5;
float MyFloat = (float)MyInt / 2;

In the next block of code, we do the same conversions as before, except this
time we add 0.5 to each float. The result is an actual round to the nearest
whole number. Note that the higher decimal numbers rounded up, while the

lower ones rounded down:

Float to Integer
{Rounded)
2.53

2.12
2.9 3

Next is a quick one. We just converted the integer to a float. It doesn't print
with a decimal point, but it is a float:

Integer to Float
3

Then we convert between numbers and strings. The first block of these con-
verts a string to a number. Just to prove it really is a number, we go ahead
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and work some mathematical arithmetic on it — something you can't do
with a string.

String to number
617250

And finally, we convert a number to a string:

Number to string
80525323

The output of these digits, of course, would look the same whether we print
them as a string or a number, but you can see in the code that what we
printed is indeed a string, not a number.

Reading from the Console

Throughout this book, we have used the console to demonstrate several
topics. Many of the programs write some sort of output to the console. You
can also use the console to get information from the user, something we
briefly mention in Minibook I, Chapter 2.

To do this, instead of using the usual << with cout to write to the console,
you use the >> operator along with cin (pronounced see-in).

In the old days of the C programming language, reading data from the con-
sole and placing its variables was somewhat nightmarish because it required
you to use pointers. Now, in C++, that's no longer the case. If you want to
read a set of characters into a string called MyName, you just type

cin >> MyName;

That's it! The program pauses, and the user can type something at the con-
sole. When the user presses Enter, the string he or she typed will go into the
string called MyName.

Reading from the console has some catches. First, the console uses spaces
as delimiters. That means that if you put spaces in what you type, only the
letters up to the space are put into the string. Anything after the space, the
console saves for the next time your program calls cin. That situation can
be confusing. Second, if you want to read into a number, the user can type
any characters, not just numbers. The computer then goes through some
bizarre process and converts any letters into a meaningless number. Not
good.

But fear not. As usual, we have found ways around such problems! Listing
8-2 shows you how to read a string and then a number from the console.
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Next, it shows you how you can force the user to type only numbers. And
finally, it shows how you can ask for a password with only asterisks appear-
ing when the user types.

To make these last two tasks work correctly, we had to use a library
called conio. This library gives you more direct access to the console,
bypassing cin. But that’s okay. We also used a special function called
StringToNumber that is described in “Converting Types,” earlier in this
chapter.

Listing 8-2: Having the User Type Something

#include <iostream>
#include <sstream>
#include <conio.h>

using namespace std;

int StringToNumber (string MyString)
{
istringstream converter (MyString); // Holds the string.
int result; // Holds the integer result.

// Perform the conversion.
converter >> result;
return result;

string EnterOnlyNumbers ()
{
string numAsString = ""; // Holds the numeric string.
char ch = getch(); // Obtains a single character from the user.

// Keep requesting characters until the user presses Enter.
while (ch '= "\r') // \r is the enter key
{
// Add characters only if they are numbers.
if (¢h >= '0' && ch <= '9")
{
cout << ch;
numlAsString += ch;

)

// Get the next character from the user.
ch = getchi();

)

return numAsString;

)

string EnterPassword()
(
string numAsString = ""; // Holds the password string.
char ch = getchi(); // Obtains a single character from the user.

// Keep requesting characters until the user presses Enter.

while (ch '= “\r') // \r is the enter key
(
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// Display an asterisk instead of the input character
cout << '*';

// Add the character to the password string.
numAsString += ch;

// Get the next character from the user.
ch = getch();

return numAsString;

int main()

{
// Just a basic name-entering
string name;
cout << "What is your name? ";
cin >> name;
cout << "Hello " << name << endl;

// Now you are asked to enter a number,

// but the computer allows you to enter anything!
int x;

cout << endl;

cout << "Enter a number, any number! ";
cin >> x;

cout << "You chose " << x << endl;

// This time you can only enter a number.

cout << endl;

cout << "This time you'll only be able to enter a number'" << endl;
cout << "Enter a number, any number! ";

string entered = EnterOnlyNumbers();

int num = StringToNumber (entered) ;

cout << endl << "You entered " << num << endl;

// Now enter a password!

cout << endl;

cout << "Enter your password! ";
string password = EnterPassword();

cout << endl << "Shhhh, it's " << password << endl;
return 0;

The first parts of main are straightforward. You can see that we called
cin >> name; to read a string from the console; then we printed it. Then
we called cin >> x; toread an integer from the console, and we again
printed it.

Next, we made sure that the user could enter only digits by calling the
EnteroOnlyNumbers function. Take a close look at that function. The first
thing it does is declare a string called numAsString. When the user types
things, they come in as characters, so we save them one by one in a string
variable (because a string is really a character string). To find out what the
user types, we call the getch function. That function returns a single char-
acter. (For example, if the user presses Shift-A to get a capital 4, the getch
function will return the character A.)
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Some compilers will complain if you use the
getch function. In this case, try the _getch
function instead. Both functions perform the
same task. Some vendors claim that _getch
is International Standards Organization (IS0}
compliant, butitisn’t. The getchand _getch

Avoiding getch function problems

functions are useful low-level library functions
that you can use without hesitation, but they
don’t appear as part of any standard. The GNU
GCC compiler provided with CodeBlocks can
use either form of the function.

After retrieving a single character, we start a loop, watching for the *\r'

character. (Remember that the backslash in a character or string means that

the character is special.) The loop continues processing characters until the

user presses the Enter key. At that point, the character we get from getch is

\r, so we exit the loop and return the number as a string.

Inside the loop, we test the value of the character, seeing if it's in the range
'0* through '9'. Yes, characters are associated with a sequence, and for-
tunately, the digits are all grouped together. So we can determine if we have
a digit character by checking to see if it's in the range ' 0' through '9"' as

follows:

if {(ch >= '0' && ch <= '9')

If the user presses a number key, we wind up inside this i f statement, or
at least the computer does. Because the user pressed a number key, we go
ahead and write that out to the console and add the digit character to the
end of our string. We have to write it to the console because, when you call
getch, the computer doesn't automatically print anything. But that’s a good

thing here, because after we're out of the i f statement, we go ahead and call

getch again for another round. Thus, if the user pressed something other
than the Enter key, the character the user pressed doesn't even appear on
the console, and it won't get added to the string either. Nifty, huh?

* The EnterPassword routine is similar to the EnteronlyNumbers routine,
except it allows the user to enter any character (including spaces). Sono if

k@ B statement is filtering out certain letters. And further, instead of just printing

94  the character that the user types, it just prints an asterisk, *. That gives the
feeling of a password entry, which is a good feeling. People want to feel good
when they're entering their passwords.
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When you run this program, you get output like the following: Book |
Chapter 8

What is your name? Hank
Hello Hank

Enter a number, any number! abcl23
You chose 2293728

++1
buis

This time you'll only be able to enter a number!
Enter a number, any number! 5001
You entered 5001

Enter your password! ¥*¥¥¥¥
Shhhh, it's hello

The first line went well; we didn’t type any spaces, and the name Hank made
it into our variable. But then, when we were asked to enter a number, we got
sneaky and typed something we weren’t supposed to, abc123. And boy, the
computer got confused! But the next section didn’t allow us to type anything
but numbers because it called our EnteronlyNumbers routine. And finally,
we entered a password, and you can see that the computer displayed aster-

isks when we pressed each key. Then the program kept the secret password
and wrote it on the screen anyway.

Understanding Preprocessor. Directives

When you compile a program, the first thing the compiler does is run your
code through something called a preprocessor. The preprocessor simply
looks for certain statements in your code that start with a # symbol. You
have already seen one such statement in every one of your programs,
#include. These preprocessor statements are known as directives because
they tell the preprocessor to do something; they direct it.

Think of the preprocessor as just a machine that transforms your code into
a temporary, fixed-up version that’s all ready to be compiled. For example,
take a look at this preprocessor directive:

#include <iostream>

If the preprocessor sees this line, it inserts the entire text from the file called
iostream (yes, that’s a filename; it has no extension) into the fixed-up ver-
sion of the source code.

For example, suppose the file called iostream looks like this:

int hello = 10;
int goodbye = 20;
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Just two lines are all that’s in it. (Of course, the real iostream file is much
more sophisticated.) And suppose your own source file, MyProgram. cpp,
has this in it:

#include <string>
int main()

{

cout << "Hello" << endl;
}

Then, after the preprocessor gets through with its preprocessing, it creates
a temporary fixed-up file (which has the lines from the string file inserted
into the MyProgram. cpp file where the #include line had been) to look
like this:

int hello = 10;
int goodbye = 20;
int main()

{

cout << "Hello" << endl;

}

In other words, the preprocessor replaced the #include line with the
contents of that file. Now, the string file itself could have #include lines,
and those lines would be replaced by the contents of the files they refer
to. As you may imagine, what started out as a simple program with just a
few lines could actually have hundreds of lines after the preprocessor gets
through with it. (In fact, that's a conservative estimate: We ran the default
CodeBlocks code through the preprocessor, and it contained 25,613 lines!
Many of those are blank lines for various reasons, but nevertheless, it's a
very big file!)

Although you don’t have to run the preprocessor yourself, you can if you're
curious to see what its output looks like. The CodeBlocks compiler actu-
ally calls on gcc. exe to perform the compilation process. However, gcc

is really just a small program that launches the compiler. But before it
launches the compiler, it runs the preprocessor. The preprocessor com-
mand is cpp (for C preprocessor). If your paths are set up correctly and you
want to try it out, just type cpp, the name of your source file, the redirection
symbol (>>), and the name of an output file at the command line, such as
cpp main.cpp >> main.txt.In most cases, you can set up the path cor-
rectly by typing the following at the command line and pressing Enter:

path=C:\Program Files\CodeBRlocks\MinGW\bin;$%path%
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And prepare yourself for a lot of lines. But seeing the output and how your
code looks when it's ready to be pushed through the compiler is interesting!

The preprocessor also provides you with a lot of other directives besides
#include. One of the more useful ones is the #define directive. Here's a
sample #define line:

#define MYSPECIALNUMBER 42

After the preprocessor sees this line, every time it encounters the word
MYSPECIALNUMBRBER, it replaces it with the word 42 (that is, whatever
sequence of letters, numbers, and other characters follow the definition).
But #define also lets you create what are called macros. Take a look at this
line:

#define oldmax(x, y) ((x)>(y)?2(x):({y))

After the preprocessor learns this line, every time it sees the word o1dmax
followed by two things in parentheses separated by a comma, it replaces

it with the form ( (x)>(y) ? (x) : (y) ), substituting the thing before the
comma for x and the thing after the comma for y. For example, if you then
have this line

g = oldmax(abc, 123);

the preprocessor replaces the line with

q = ((abc)>(123)2(abe) : (123));
and does nothing more with the line.

Minibook I, Chapter 2, refers to these as conditional operators. The variable
q is set to the value in abc if the abc value is greater than 123; otherwise,
the q gets set to 123.

However, the preprocessor doesn't have an understanding of the conditional
operator, and q doesn't get set to anything during preprocessing. All the
preprocessor knows is how to replace text in your source-code file. The pre-
processor replaced the earlier line of code that contained o1dmax with the
next line containing the conditional operator. That's it. The preprocessor
doesn’t run any code, it doesn't make the comparison, and it doesn’t put
anything in g. The preprocessor just changes the code.

Although you can still use #define statements in C++, in general you should
simply create a function instead of a macro or use a constant instead of a
symbol. Using symbols and macros are older and outdated styles of pro-
gramming. However, they do have their place in programming in the form of
conditional compilation, which we discuss next.
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You may have times when you want to compile one version of your program
for one situation, and compile another for a different situation. For example,
you may want to have a debug version of your program that has some extra
goodies in it that spit out special information for you that you can use during
the development of your program. Then, after your program is ready to ship
to the masses so millions of people can use it, you no longer want that extra
debug information.

To accomplish this, you can use a conditional compilation. Take a look at
these lines:

#ifdef DEBUG

cout << "The value of j is " << j << endl;
#else

cout << j << endl;
#endif

The lines that begin with # are preprocessor directives. The preprocessor
has its own version of if statements. In your code, you can have a line like
the following with nothing after it:

#define DEBUG

This simply defines a symbol. It works just like the symbols we described
earlier, except that it’s not set to be replaced by anything. It’s just a symbol.
You can also define such symbols in the command-line options to gcc

or whichever compiler you use. (In CodeBlocks, you choose Project=>

Build Options. In the Project Build Options dialog box that opens, click the
Compiler Settings tab, followed by the #defines subtab, as shown in Figure
8-1. You type your compiler options as shown in the figure.) To define the
DEBUG symbol through a command-line option, you add

-D DEBUG

to your command, either in the gcc command or in the Project Build
Options dialog box in CodeBlocks. Then, when you include this compiler
option, the DEBUG symbol is defined throughout your program, just as if you
had included a #define DEBUG line at the very beginning.

Now when the preprocessor starts going through your program and gets
tothe #ifdef DEBUG line, it checks whether the DEBUG symbol is defined.
If the symbol is defined, it spits out to its fixed-up file the lines that follow,
up until the #else line. Then it skips any lines that follow that, up until the
#endif line.

But if the DEBUG symbol is not defined, the preprocessor skips over the lines
up until the #else, and spits out the lines that follow, up until the #endif.
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Thus, for the example we gave earlier in this section, if DEBUG is defined,
the block of code starting with #ifdef DEBUG through the line #endif is
replaced by the stuff in the first half of the block:

cout << "The value of j is " << j << endl;

But if DEBUG is not defined, it is replaced by the stuff following the #else
line:

cout << j << endl;

When the preprocessor goes through your file, it is only creating a new
source-code file to be used by the compiler. That means these #ifdef lines
affect your program only when the compiler fires off the preprocessor. When
your program is compiled and you run it, these #ifdef lines are nowhere to
be found. So please don't forget that these #i fdef lines do not affect how
your program runs — only how it compiles.

Using preprocessor directives, you can have two different versions of your
program. In the example we gave, we're gearing up for two versions, a debug
version and a release version. To tell the compiler which version to build,
we then modify the command-line options by either removing or adding the
-D DEBUG line.

The -D option works either with or without a space after the D. Thus, you
can either use -DDEBUG or -D DEBUG. They both do the same thing.
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Listing 8-3 demonstrates all the things that we covered in this section.

Listing 8-3: Using Many Different Preprocessor Directives

#include <iostream>
using namespace std:

#ifdef UNIVAC

const int total = 200;

const string compname = "UNIVAC";
#elif defined(HAL2000)

const int total = 300;

const string compname = "HAL200Q0";
#else

const int total = 400;

const string compname = "My Computer";
#endif

// This is outdated, but you might

// see it on occasion. Don't write

// code yourself that does this!
#define oldmax(x, y) ((x)>(y)?(x):(y))
#define MYSPECIALNUMBER 42

int main()

{
cout << "Welcome to " << compname << endl;
cout << "Total is:" << endl;
cout << total << endl << endl;

// Try out the outdating things.

cout << "FFF max ***" << endl;

cout << oldmax(5,10) << endl;

cout << oldmax(20,15) << endl;

cout << MYSPECIALNUMBER << endl << endl;

// Here are some standard

// predefined macros.

cout << "*** Predefined Macros ***" << endl;

cout << "Thig is file " << __FILE__ << endl;

cout << "Thig is line " << __LINE__ << endl;

cout << "Compiled on " << __ DATE_ << endl;

cout << "Compiled at " << __TIME_ << endl << endl;

// Here's how some people use #define,
// to specify a "debug" version or
// “"release" version.
cout << "*** total ***" << endl;
int i;
int j = 0;
for (1 = 0; i<total; i++)
{
J =13+ 1;

)

#ifdef DEBUG

cout << "The value of j is " << j << endl;
#else

cout << j << endl;
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#endif Book|
return 0; Chapter 8
When we run Listing 8-3 without any symbols (we did not set DEBUG), we see g 2
=

this output:

Welcome to My Computer
Total is:

**k* qax *FE¥

*+% pPredefined Macros ***

This is file C:\0246 - Source Code\BookI\Chapter08\Preprocessor2\main.cpp
This is line 37

Compiled on Apr 7 2009

Compiled at 13:54:09

*%% total ***
79800

But note, at the beginning, we're testing for the symbol UNTIVAC. But that i f
block is a bit more complex because we also have an #el1if (else if) con-
struct. The language of the preprocessor has no elseifdef or anything like
it. Instead, you have to write it like so:

#elif defined(HAL2000)

Now with this block, the preprocessor checks for the symbol UNIVAC; if the
preprocessor finds UNIVAC, it spits out the lines

const int total = 200;
const string compname = "UNIVAC";

Otherwise, the preprocessor looks for HAL2000; if the preprocessor finds it,
it adds these lines to the fixed-up code:

const int total = 300;
const string compname = "HAL2000";

And finally, if neither UNIVAC nor HAL2000 is set, the preprocessor adds
these lines:

const int total = 400;
const string compname = "My Computer";

Now remember that, in each case, these two lines are sent out to the fixed-

up version in place of the entire block starting with #ifdef UNIVAC and
ending with #endif.
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oNNG/

So if we include the command-line option -D UNIVAC, we see different
output:

Welcome to UNIVAC
Total is:
200

e de e max e e e

10

*¥* predefined Macros ***

This is file C:\0246 - Source Code\BookI\Chapter(08\Preprocessor2\main.cpp
This is line 37

Compiled on Apr 7 2009

Compiled at 14:05:19

kkk potg]l kkk
19900

To see this different output, remember that these #define lines affect only
the compilation of your program. Therefore, you need to recompile your
program to see the changes. But a catch is involved: If the object file for your
source-code file is newer than your source, the compiler won't rebuild the
object file, even though you changed the command-line options. You need

to type makeclean first, if you are using a command-line compiler such as
MinGW or Cygwin. In CodeBlocks, you choose Build=>Clean. Then you can
compile your program again and run it to see the new output.

And now, here's a different set of options:

-D HAL2000 -D DEBUG

When we again clean, compile, and run, we see this output. Notice that the
final line is a bit different now that we have DEBUG defined.

Welcome to HAL2000
Total is:
300

10
20
42

**% predefined Macros *¥*

This is file C:\0246 - Source Code\BookI\Chapter(08\Preprocessor2\main.cpp
This is line 37

Compiled on Apr 7 2009

Compiled at 14:07:14

e de e total e de de
The value of j is 44850
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Using Constants Bookd

Chapter 8

When you are programming, you may sometimes want a certain fixed value
that you plan to use throughout the program. For example, you might want a

string containing the name of your company, such as “Bobs Fixit Anywhere gg
Anyhoo”. And you don’t want someone else working on your program to >
pass this string into a function as a reference and modify it by mistake, 2

turning it into the name of your global competitor, “Jims Fixum Anyhoo 22

Anytime”. That could be bad. Or, if you're writing a scientific application,
you might want a fixed number, such as pi = 3.1415926 or PeachPi=4.1415926.

You can create such constants in C++ by using the const keyword. When
you create a constant, it works just like a variable, except you cannot change
it later in the program. For example, to declare your company name, you
might use

const string CompanyName = "Bobs Fixit Anywhere Anyhoo":;

Of course, you can modify this string in your code, but later in your code,
you cannot do something like this:

CompanyName = CompanyName + ", Inc.";

The compiler issues an error for that line, complaining that it’s a constant
and you can’t change it.

After you declare the constant, then, you can use the string called
CompanyName to refer to your company throughout your code. Listing 8-4
shows you how to do this. Note the three constants toward the top called
ParkingSpaces, StoreName, and pi. In the rest of the program, we use
these just like any other variables — except that we don’t try to change
them.

Listing 8-4: Using Constants for Permanent Values
That Do Not Change

#include <iostream>

using namespace std;

const int ParkingSpaces = 80;
const string StoreName = "Joe's Food Haven";
const float pil = 3.1415926;

int main()

(
cout << 'Important Message" << endl;
cout << 'Here at " << StoreName << endl;
cout << 'we believe you should know" << endl;
cout << 'that we have " << ParkingSpaces;
cout << ' full-sized" << endl;

(continued)
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Listing 8-4 (continued)

cout << "parking spaces for your parking®" << endl;
cout << "pleasure." << endl;
cout << endl;

cout << "We do realize, however, that parking" << endl;
cout << "is tight at " << StoreName << endl;

cout << "and so we are going to double our" << endl;
cout << "spaces from " << ParkingSpaces << " to ";

cout << ParkingSpaces * 2;

cout << ". Thank you again!" << endl << endl;

float radius = 5;
float area = radius * pi * pi;

cout << "And remember, we sell " << radius;

cout << * inch apple pies" << endl;

cout << "for a full " << area << " square" << endl;
cout << "inches of eating pleasure!" << endl;

return 0;

When you run this program, you see the following:

Important Message

Here at Joe's Food Haven

we believe you should know
that we have 80 full-sized
parking spaces for your parking
pleasure.

We do realize, however, that parking
is tight at Joe's Food Haven

and so we are going to double our
spaces from 80 to 160. Thank you again!

And remember, we sell 5 inch apple pies
for a full 49.348 square
inches of eating pleasure!

The biggest advantage to using constants is this: If you need to make a
change to a string or number throughout your program, you make the
change only once. For example, if you have the string "Bobs Fixit
Anywhere Anyhoo" pasted a gazillion times throughout your program,
and suddenly you incorporate and need to change your program so the
string says, "Bobs Fixit Anywhere Anyhoo, LLC Yyou would need to
do some serious search-and-replace work. But if you have a single constant
in the header file for use by all your source-code files, you need to change
it only once. You modify the header file with the new constant definition,
recompile your program, and you're ready to go.

There's a common saying in the programming world that goes like this (sing
along now): “Don’t use any magic numbers.” The idea is that if, somewhere
in your code, you need to calculate the number of cows that have crossed
over the bridge to see if the bridge will hold up and you happen to know
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the average weight of a cow is 632 pounds, don't just put the number 632 in Book |
your code. Somebody else reading it may wonder where that number came Chapter 8
from. Instead, make a constant called, perhaps, AverageCowWeight and
set that equal to 632. Then, in your code, use AverageCowWeight anytime
you need that number. Plus, if cows evolve into a more advanced species
and their weight changes, all you need to do is make one change in your
code — you change the header file containing the const declaration. Here's
a sample line that declares AverageCowWeight:

neaq++9
eapy bu

const int AverageCowWeight = 632;

Before C++, the original C language did not have constants. The way to use
constants was through preprocessor directives. For example, in C++, you
could have a constant, such as

const int DuckCrossing = 500;

But in C, you couldn't do this. Your choice would be to use either a non-
constant variable, as in

int DuckCrossing = 500;

or a preprocessor directive, as in

#define DuckCrossing 500

Then you can use DuckCrossing as a substitute for 500 in your program.
The problem here is that if you try to debug your program (see Minibook I,
Chapter 1), the debugger (yes, that's really the word) knows nothing of the
word DuckCrossing. Therefore, if you see a #define used this way, you
know what it means; however, we recommend that you don't write new code
that uses this. Use the const keyword instead.

Using Switch Statements

Many times in programming you may want to compare a variable to one
thing, and if it doesn't match, compare it to another and another and
another. To do this with an if statement, you need to use a whole bunch
of else if lines.

That works out pretty well, but you can do it in another way; you can use the
switch statement.

The approach we're showing you in this section does not work for all types

of variables. In fact, it works only with the various types of integers and
characters. It won't even work with character strings. However, when you
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need to do multiple comparisons for integers and characters, using this
approach is very useful.

First, here’s a complete switch statement that you can refer to as we
describe the individual parts in the paragraphs that follow. This compares
x to 1, then 2, and finally includes a catchall section called default if x is
neither 1 nor 2.

int x;
cin > x;
switch (x)
{
case 1:
cout << "It's 1!" << endl;
break;
case 2:
cout << "It's 2!" << endl;
break;
default:
cout << "It's something else!" << endl;
break;

To use the switch statement, you type the word switch and then the vari-
able or expression you want to test in parentheses. Suppose x is type int,
and you want to compare it to several different values. You would first type

switch (x) (

The preceding item in parentheses is not a comparison. It’s simply a variable.
You can also put more complex expressions inside the parentheses, but they
must evaluate to either an integer or a character. So, for example, if x is an
integer, you can test

switch (x + 5) {
because x + 5 is still an integer.

After the header line for the switch statement, you list the items you want
to compare the expression to. These have a rather strange format. They
start with the word case, then have the value to compare the expression
against, and then a colon, as in

case 1:
Next is the code to run in the event the expression matches this case (here, 1).

cout << "It's 1" << endl;

Finally (here’s where it gets really strange) you have the word break. Every
case in the switch statement usually has a break line, which means get out
of the switch statement now! And here’s the exceedingly strange part: If you
forget the break statement, when the computer runs this case, it continues
running the code for the next case! Yes, C++ can seem stupid at times. And
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Note something peculiar at the end of the switch block: The final case is
default. It applies to the situation when none of the preceding cases apply.

The default case isn’t required; you can leave it off if you don’t need it.
However, if you do include it, we recommend putting it at the end of the
switch block because that's where most people expect to find it.

With the sample code we gave at the beginning of this section, you can enter
in a number, which gets put in the x variable. The code then tests the value
x against 1; if it matches, it performs the line after the case 1: line. But if it
doesn’t match, it tests it against 2 and performs its lines if it matches. But if
none of those match, it does the code after the default line.

When the computer encounters the break line, it exits the switch state-
ment altogether. So you may be wondering: Why did those goofball authors
include a break line at the very end? Our answer: Tradition. That's all. It's
consistent with the other blocks of code. But you certainly don’t need it.
However, if you leave it off, you must remember that if you decide to add any
other cases, you will probably want to put it back in. But on the other hand,
people typically put the default at the end. (You don’t have to, but most
people expect to see it at the end and not in the middle.)

A switch statement only compares a single variable or expression against
several different items. If you have more complex comparisons, you can
instead use a compound if statement.

In many other programming languages, a switch statement is called a case
block. That's because in those languages, the word that starts the whole
thing is case. Here, however, the whole shebang gets off with a bang on the
word switch. Thus, in C and C++, we call it a switch statement. It's fun to
be different. Sometimes.

Listing 85 is a complete program that demonstrates a switch statement.

It also shows you how you can make a simple antiquated-looking menu pro-
gram on the console. You don't need to press Enter after you choose your
menu item; you just press the key for your menu selection. That's thanks to
the use of getch rather than cin.

Listing 8-5: Making Multiple Comparisons in One Big Block

#include <iostream>
#include <conio.h>

using namespace stg;

int main()
{
// Display a list of options.
cout << *Choose your favorite:" << endl;

(continued)
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Listing 8-5 (continued)

cout << "1. Apples " << endl;

cout << "2. Bananas " << endl;

cout << "3. Fried worms " << endl;
cout << "4. Poison Apples " << endl;
cout << "5. Lobster " << endl;

// Obtain the user's selection.
char ch = getch();

// Continue getting user selections until the user
// enters a valid number.
while (ch < '1' || ¢ch > '5")
{
ch = getch();
)

// Use a switch to display the user's selection.
cout << "You chose " << c¢h << endl;
switch (ch) {
case '1':
cout << "Apples are good for you!" << endl;
break;
case '2':
cout << "Bananas have plenty of potassium!'" << endl;
break;
case '3':
cout << "That's disgusting!" << endl;
break;
case '4':
cout << "All I wanna know is WHY?" << endl;
break;
case '5':
cout << "Expensive but good taste you have!" << endl;
break;
)

return 0;

Supercharging enums with Classes

When you work with classes, you can use a technique called wrapping. In
Minibook I, Chapter 7, we discuss the enum keyword and how you can use

it to create your own types. However, when you print the enumeration, you
don’t see the word, such as red or blue; you see a number. Listing 8-6 is

a simple class that wraps an enum type. You can use this class with enum
ColorEnum, as main demonstrates. When you run this program, you see the

single word red in the console.
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Listing 8-6: Creating a Class for enums Book |
Chapter 8

#1nclude <iostream>

using namespace std; c

o2,

class Colors + =

« o B

public: o =
enum ColorEnum {blue, red, green, yellow, black): =

Colors(Colors::ColorEnum value); g g

(=3

string AsString():

protected:
ColorEnum value;

Colors::Colors(Colors::ColorEnum initvalue)

{

value = initvalue;

string Colors::AsString()

{

switch (value)
{
case blue:

return "blue”;
case red:

return “red";
case green:

return "green";
case yellow:

return "yellow";
case black:

return “"black";
default:

return "Not Found";

)

int main()

Colors InkColor = Colors::red;
cout << InkColor.AsString() << endl;
return 0;

In the preceding section, “Using Switch Statements,” our switch statement
did not include any break statements. Instead we have a return statement
The return causes the computer to exit the function entirely, so you have
no reason to worry about getting out of the switch statement. You may
wonder why the switch statement includes a default clause. After all, it
will never get called. In this case, if you don’t supply a default clause, the
compiler displays the following message:

warning: control reaches end of non-void function
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Adding cout capabilities

It would be nice if the Colors class allowed
you to just call cout, asin cout << Ink
Color << endl; withouthavingto call Ink
Color.AsString() to get a string version. C++ has
a capability called operator overloading. When
you type something cout << followed
by a variable, you are calling a function: <<.
Several versions of the << functions (they are
overloaded) are available; each has a differ-
ent type. For example, int handles the cases
when you write out an integer, as in int x
= 5;,andthen cout << x;.Becausethe
<< function doesn't use parentheses, it is an
operator.

To add cout capabilities to your class, just
write another << function for your class. Here's
the code. This is not a class member function;
it goes outside your class. Add it to Listing 8-6
anywhere after the class declaration but
before main. Here goes:

ostream& operator << (ostream& out,
Colors& inst)
(
out << inst.AsStringl();
return out;

}

Because this function is an operator, you have
to throw in the word operator. The type of
cout is ostream, incidentally; thus, you take
an ostream as a parameter, and you return
the same ostream. The other parameter is
the type you are printing: in this case, it's a
Colors instance, and once again, it's passed
by reference. After you add this code, you can
change the line cout << InkColor.As
String () << endl; tosimply

cout << InkColor << endl;

Whenever possible, add the code required for your application to compile
without warnings. Adding the default clause simply ensures that the
Asstring function always returns a value, no matter what happens.

The expression Colors: : red may be unfamiliar to you. That means we’re
using the red value of the ColorEnum type. However, because ColorEnum
is declared inside the class Color, we cannot just say red. We have to

first say the class name, then two colons, and then the value. Thus we type
Colors::red.

In main, we created the InkColor instance and set it not to a Color object
but to an enum! We just violated An Important Rule about setting things
equal to something of the same type. Why? C++ has a neat little trick: You
can create a constructor that takes a certain type. In this case we have a con-
structor that takes a ColorEnum. Then when you create a stack variable
(not a pointer) you can just set it equal to a value of that type. The computer
will implicitly call the constructor, passing it that value.
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Working with Random Numbers Book

Chapter 8

Sometimes, you need the computer to generate random numbers for you.
But computers aren’t good at doing things at random. We humans can toss

L]
dice or flip a coin, but the computer must do things in a predetermined g‘g'
fashion.
b4
The computer geniuses of the last century have come up with algorithms 2o
-]

that generate pseudorandom numbers. These are numbers that are almost
random or seemingly random. They’re sufficiently random for many
purposes.

The only catch with these random number generators is that you need to
seed them. But a computer scientist beheld a great idea. The current time is
random. If we run a program and you run a program, most likely we won’t
start running them at precisely the same moment in time. Our scientist real-
ized that would be a good starting point for a random number generator. In
Listing 8-7, we obtain the current time to start the random number genera-
tor. To do that, we include time.h. We create a variable called now of a spe-
cial type called time_t (which is just a number), and then we call the time
function, passing the address of now. That gives us the number of seconds
since January 1, 1970. Then we call srand, passing that time. That process
seeds the generator.

Then we print several random numbers by calling rand, which returns

a random number. But we noticed something strange when we ran this
program. Each time, the first call to rand got just a little bit bigger, and it
seemed to be affected by the current time. With each second that passed,
the supposedly random number got just a bit bigger. The rest seemed fine,
so we decided to skip the first random number. Thus, right after we seed the
random number, we call rand and ignore the return value.

Then we go ahead and print five random numbers. But we wanted to limit
the numbers in the range from 0 through 99, so we took the modulus 100 of
the number. (That’s the remainder when we divide the number by 100.) You
can choose a different number than 100 if you need a different range.

Listing 8-7: Seeding the Random Number Generator

#include <iostream>

using namespace std;

int main()

(
// Re-seed the random-number generator
time_t now;
time (&now) ;

(continued)
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Listing 8-7 (continued)

srand({now) ;
rand();

// Print out a list of random numbers
for (int i=0; i<5; i++)
{
cout << rand{() % 100 << endl;
}

return 0;
}

The first time we ran Listing 8-7, we saw the following output:

The second time, we saw this output. It's very different than before:

Storing Data in Arrays

ﬁ!EBE”

Most programming languages support a data structure called an array. An
array is a list of variables, all stored side by side in a row. You access them
through a single name. Each variable in the array must be of the same type.

When you create an array, you specify how many items the array holds. For
example, you can have an array of 100 integers. Or you can have an array of
35 strings or an array of 10 pointers to the class BrokenBottle. If the code
you're working with represents a type, you can create an array out of it.

When you create an array, you give it a name. You can access the array's
elements (items) by using that name followed by an index number in brack-
ets. The first element is always 0. Thus, if you have an array of five integers
called AppendixAttacks, the first element is AppendixAttacks[0]. The
second is AppendixAttacks[1], then AppendixAttacks[2], Appendix
Attacks[31, and finally AppendixAttacks[4].

Because an array starts with element number 0, the final element in the

array has an index that is | less than the size of the array. Thus, an array of
89 elements has indexes ranging from 0 to 88.
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Declaring and accessing an array
Here's how you declare an array:

int GrilledShrimp[10];

This declares an array of 10 integers called Grilledshrimp. You first
put the type (which is really the type of each element in the array), then
the name for the array, and then the number of elements in brackets. And
because this declares 10 integers, their indexes range from 0 to 9.

To access the first element of the array, you put the number 0 in brackets
after the type name, as in

GrilledShrimp[0] = 10;

Sometimes people call the act of referring to a single element in the array as
subscripting. But we avoid that word. Our brains prefer simpler words.

Often people use a loop to fill in an array or access each member. People
usually call this looping through the array. Listing 8-8 shows an example.

Listing 8-8: Using a Loop to Loop Through the Array

#include <iostream>

using namespace std;

int mainf()

{
int GrilledShrimp[5];

for (int i=0; i<5; i++)

GrilledShrimp[i] = 1 * 2;
cout << Grilledshrimp[i] << endl;
}

return 0;
}

If you use a for loop to go through all the elements in the array, start your
loop at 0. You end the loop with | less than the size of the array. If you store
the array size in the variable size and your loop index is i, the middle
clause in your for loop can be either i < size ori <= size - 1.Do
notuse i <= size. That goes | more than you want.

When you use arrays, don't go beyond the array bounds. Due to some old
rules of the early C language, the compiler does not warn you if you write a
loop that goes beyond the upper boundary of an array. You may not get an
error when you run your program, either.
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Arrays of pointers

Arrays are particularly useful for storing pointers to objects. If you have lots
of objects of the same type, you can store them in an array.

Although you can store the actual objects in the array, most people don’t.
Most people fill the array with pointers to the objects. To declare an array of
pointers to objects, remember the asterisk in the type declaration, like this:

CrackedMusicCD *missing[10];

Listing 8-9 declares an array of pointers. In this example, after declaring the
array, we fill the elements of the array with 0’s. Remember, each element is
a pointer; that way, we can immediately know whether the element points
to something by just comparing it to 0. If it’s 0, it’s not being used. If it has
something other than 0, it has a pointer in it.

Listing 8-9: Using an Array to Store a List of Pointers to Your Objects

#include <iostream>
using namespace std;
class CrackedMusicCD

public:
string FormerName;
int FormerLength;
int FormerProductionYear;

int main()

{

CrackedMusicCD *missing[10];

for (int 1=0; i<10; i++)
{
missing[i] = 0;

)

return 0;

If you want to create a whole group of objects and fill the array with pointers
to these objects, you can do this kind of thing:

for (int i1=0; i<10; i++)
(

missing[i] = new CrackedMusicCD;

)
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Because each element in the array is a pointer, if you want to access the
member variables or member functions of one of the objects pointed to by
the array, dereference the pointer by using the shortcut -> notation:

missing[0]->FormerName = *"Shadow Dancing by Andy Gibb*;

This example line accesses the FormerName member variable of the object
whose address is in the first position of the array.

Though the array contains pointers to objects, because of the mental con-
nection between a pointer and the object it points to, some people just refer
to the objects in the array.

When you're finished with the objects in the array, you can delete the
objects by calling delete for each member of the array, as in this code:

for (int i=0; i<10; i++)
{
delete missing[i];
missing[i] = 0;
}

In the preceding code, we clear each array element to 0. When you are work-
ing with arrays of pointers, we recommend that you do the same. That way,
the pointer is reset to 0 and no longer points to anything after its object is
gone.

Passing arrays to functions

Sometimes you need to pass an entire array to a function. While passing
entire objects to arrays can be unwieldy, passing an entire array can be
dangerous. Arrays can be enormous, with thousands of elements. If each ele-
ment is a pointer, each element can be several bytes. If you pass a really big
array onto the stack, you may overflow your program’s stack.

As with passing objects, your best bet is to pass an array's address. You
pass to a function a pointer to the array. But passing an array's address to a
function is confusing to code. Listing 8-10 is a sample that passes an array,
without worrying about any pointers and addresses.

Listing 8-10: Passing an Array to a Function by Declaring
the Array in the Function Header

#include <iostream>
using namespace std;
const int MyArraySize = 10;

void Crunch{int myarray[], int size)
(continued)
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Listing 8-10 (continued)

for (int i=0; i<size; i++)
{

cout << myarray[i] << endl;
}

int main()

{
int BigArray[MyArraySize];

for (int i=0; i<MyArraySize; i++)
{

BigArray[i] = i * 2;
}

Crunch(BigArray, MyArraySize);

return 0;
}

When you run this program, it prints the nine members of the array. We
declared the parameter in the function header: We declared an array but
did not specify a size. This means that you can pass an array of any size to
the function. We included a size parameter, so the function knows the size
of the array that we're passing in. Therefore, we included the array size
when we called this function from main. Also, we used a constant rather
than 10 for the array size; then if we decide later to modify the program
by changing the size of the array, we need to change only the one constant
at the top of the program. Otherwise, we risk missing one of the 10s.

How do you pass a pointer to an array? There’s a pointer symbol in the data
type for argv. argv is a pointer to a set of character pointers.

That's exactly what we did in Listing 8-10. We did not actually pass the array
itself. We passed the array’s address. When you pass an array this way, the
compiler writes code to pass a pointer to the array. You don’t worry about it.

The name of an array is actually a pointer to the first element in the array.

In the main of Listing 8-10, when we call the function, we pass the array
name, BigArray. The compiler treats this name as the first array element
address.

Thus, BigArray is the same as & (BigArray[0]). (We put parentheses
around the BigArray [0] part so the computer knows that the & refers to
the combination of BigArray[0], not just BigArray.) So you could have
used this in the call:

Crunch(&(BigArray[0]), MyArraySize);
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But there's no reason to do that. Just pass BigArray. It's the same thing!

The name of the array is a pointer to the array.

Adding and subtracting pointers

You can do interesting things when you add numbers to and subtract num-
bers from a pointer to an array element that is stored in a pointer variable as
an address. If you take the address of an element in an array and store it in a
variable, such as one called cur (for current), as in

cur = &{Numbers[5]);

where Numbers is an array of integers, you can access the element at
Numbers [5] by dereferencing the pointer, as in the following:

cout << *cur << endl;

Then you can add and subtract numbers from the pointer, like these lines:

CUr++;
cout << *cur << endl;

The compiler knows how much memory space each array element takes.
When you add | to cur, it advances to the next element in the array. And so
the cout that follows prints the next element, in this case, Numbers[6].

Listing 8-11 shows an example of moving about an array. Note that we
declare a variable called cur, which is a pointer to an integer. The array
holds integers, so this pointer can point to elements in the array.

We start cur out pointing to the first element. The array name is the address
of the first element, so to accomplish that we just typed

cur = Numbers;

That puts the address of the first element of the array in the variable cur.

Listing 8-11:  Moving by Using Pointer Arithmetic

#include <iostream>

using namespace std;

int main()

{
int Numbers[100];

for (int i=0; i<100; i++)

{
(continued)
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Listing 8-11 (continued)

Numbers([i] = i * 10;

int *cur;
cur = Numbers;

cout << *cur << endl;
cur++;

cout << *cur << endl;
cur++;

cout << *cur << endl;
cur += 3;

cout << *cur << endl;
cur--;

cout << *cur << endl;

return 0;

When you run the program, here is the output you see:

In the code, the ++ and — operators add 1 to and subtract 1 from the pointer.
We also directly added a 3 to the pointer to advance it three “notches” in the
array. You can also subtract from a pointer, as in

cur -= 2;

You cannot do multiplication and division with pointers.
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Chapter 1: Planning and
Building Objects

In This Chapter

1+ Recognizing objects so you can create classes
1+ Encapsulating classes into self-contained capsules
1+~ Building hierarchies of classes through inheritance

1 Discovering classes

S[ep outside for a moment and look down. What is the thing you are
standing on? (Hint: It’s giant, it’s made of rock and sand and stone and
molten lava, and it’s covered with oceans and land.) The answer? A thing!
(Fven a planet is a thing.) And now go back inside. What's the thing that you
opened, the thing with a doorknob? It’s a thing, too! It’s a slightly different
kind of thing, but a thing nevertheless. And what are you inside? Okay, you
get the idea. Everything you can imagine is a thing. Or, to use another term,
an object. Remember that word: object.

Over the years, researchers in the world of computer programming (now,
doesn’t that sound like an exciting job?) have figured out that the best way
to program computers is to divide whatever it is you're trying to mode! into
a bunch of objects. These objects have capabilities and characteristics.
(Eventually they have relationships, but that comes later.)

In this chapter, we show you how to make use of objects to create a soft-
ware application. In the process, you get to twist some of the nuts and bolts
of C++ that relate to objects and get tips on how to get the most out of them.

Recognizing Objects

Let’s get to the meat of it: Think of an object as any thing that a computer
can describe. (Object = thing. How's that for an obvious definition?) Just as
physical things have characteristics, such as size, weight, or color, objects
in a program can have atfributes — say, a particular number of accounts, an
engine, or even other objects that it contains, just as a car contains engines,
doors, and other objects.

[urther, just as real-world things have uses — for example, serving as con-
tainers, vehicles, or tools — an object in a program has capabilities. For
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Figure 1-1:
The outer
objectin
this picture
is a mailbox
container.

example, it might be able to withdraw money or send a message or connect
to the Internet.

Here’s an example of an object: Outside, in front of your house, you might
see a mailbox. That mailbox is an object. (See how easy this is?) A mailbox
is a useful device. You can receive mail, and depending on the style (kind)
of mail, you can send mail. (The style of mail is important — you can send
a letter because you know how much postage to attach, but you can’t send
a package because the amount of postage is unknown.) Those are the mail-
box's capabilities. And what about its characteristics? Different mailboxes
come in different shapes, sizes, and styles. So those are three characteristics.
Now some mailboxes, such as the kind often found at apartment build-
ings, are great big metal boxes with several little boxes inside, one for each
apartment. The front has doors for each individual box, and the back has a
large door for the mail carrier to fill the boxes with all those wonderful ads
addressed to your alternate name, Resident.

In this case, you could think of the apartment mailbox as one big mailbox
with lots of little boxes, or you could think of it as a big container for smaller
mailboxes. In a sense, the little boxes each have a front door that a resident
uses, and the back of each has an entry that the mail carrier uses. The back
opens when the big container door opens.

So think about this: The mail carrier interacts with the container, which
holds mailboxes. The container has a big door, and when that door opens,
it exposes the insides of the small mailboxes inside, which open, too.
Meanwhile, when a resident interacts with the system, he or she interacts
with only his or her own particular box.

Take a look at Figures 1-1 and 1-2. Figure 1-1 shows the general look of the
back of the mailbox container, where the mail carrier can open the container
and put mail in all the different boxes. Figure 1-2 shows the front of the con-
tainer, with one box open so a resident can take the mail out.
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Figure 1-2:
The smaller
inner
objects in
this picture
are the
mailboxes.

Recognizing Objects

So far, there are two objects here: the container box and the mailboxes. But
wait! There are multiple mailboxes. So, really, we have one container box
and multiple mailboxes. But each mailbox is pretty much the same, except
for a different lock and a different apartment number, right? In Figure 1-2,
each box that's open is an example of a single mailbox. The others are also
examples of the type of object called mailbox. In Figure 1-2, you can see 16
examples of the objects classified as mailbox. In other words, Figure 1-2
shows 16 instances of the class called mailbox. And all those mailboxes are
inside an instance of the class that we would probably call mailboxes.

There is no hard and fast rule about naming your classes. However,
Microsoft recommends that developers use a singular name for objects and
a plural name for collections. A single mai1box object would appear as part
of amailboxes collection. Using this naming convention makes it easier for
other developers to understand how your code works. Of course, the most
important issue is consistency — once you decide on a naming convention,
use the same convention all the time.

Observing the mailboxes class

What can you say about the Mai 1boxes collection object?

4+ The Mailboxes collection contains 16 mailbox instances.

4 The Mailboxes collection object is 24 inches by 24 inches in front and
back, and it is 18 inches deep. (Really, it's on legs, but we're not going to
consider those to be part of it.)

4 When the carrier unlocks the mailboxes and pulls, its back door opens.
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4+ When the mailboxes' back door opens, it exposes the insides of each con-
tained mailbox.

4 When the mail carrier pushes on the door, the door shuts and relocks.
(Okay, really, the mail carrier probably has to lock it, but we're not
going to worry about that part. We'd rather keep this example nice and
simple.)

By using this list, you can discover some of the characteristics and capabili-
ties of mailboxes. The following list shows its characteristics:

4+ Width: 24 inches
4+ Height: 24 inches
4 Depth: 18 inches

4+ Mailboxes: 16 mailbox objects are inside it
And here's a list of some of the mailboxes’ capabilities:

4+ It can open its door. (Well, some external thing — such as a human —
opens the door, but we'll get to that shortly.)

4 It can give the mail carrier access to the mailboxes.

4+ It can close its door. (And yes, again, some external force such as a push
causes the door to close, but again, we'll get to that . . . right now!)

Think about the process of the carrier opening or closing the door. Here we
seem to have a bizarre thing: The mail carrier asks mailboxes to close its door,
and the door closes. That's the way you need to look at modeling objects:
Nobody does anything to an object. Rather, someone asks the object to do
something, and the object does it itself.

For example, when you reach up to shove a slice of pizza into your mouth,
your brain sends signals to the muscles in your arm. Your brain just sends
out the signals, and your arms just move up, and so does the pizza. The
point is that you make the command; then the arms carry it out, even though
you feel like you're causing your arms to do it.

Objects are the same way: They have their capabilities, and we tell them to
do their job. We don't do it for them. At least, that's the way computer sci-
entists view it. We know: It's a stretch sometimes. But the more you think in
this manner, the better you understand object-oriented programming.

The mailboxes contain 16 mailboxes. In C++, that means the Mailboxes
collection would have as member variables 16 different Mailbox instances.
These Mailbox instances could be an array or some other collection, and
most likely the array would hold pointers to Mail instances.

www.it-ebooks.info


http://www.it-ebooks.info/
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Observing the mailbox class

Consider the characteristics and capabilities of the mailboxes. Each mailbox
has these characteristics:

4+ Width: 6 inches
4 Height: 6 inches
4 Depth: 18 inches

4 Address: A unique integer. But what number exactly? That depends on
which mailbox you're talking about.

And each mailbox has these capabilities:

4+ It can open its door.

4+ It can close its door.

Notice we wrote the capabilities from the perspective of the mailbox, not
from the person opening the mailbox.

Now think about the question regarding the address printed on the mailbox.
What number goes on it? There are 16 different mailboxes, and each one
gets a different number. So we can say this: The mailbox class includes an
address, which is an integer. Each instance of the mailbox class gets its own
number. The first may get 1, the second may get 2, and so on.

And so you have two concepts here for the mailboxes:

4+ Mailbox class: This is the general description of a mailbox. It includes
no specifics, such as the actual address. It simply states that each mail-
box has an address.

4+ Mailbox instance: This is the actual object. The mailbox instance
belongs to the class mailbox. There can be several instances of the mail-
box class.

Think of the mailbox class as a cookie cutter. Or, in C++ terminology, the
type. The mailbox instance is an actual example of the class. In C++, we can
create a variable of class Mailbox, and set its Address integer to 1. Then
we can create another variable of class Mailbox and set its Address inte-
ger to 2. Thus, we've created two distinct mailbox objects, each of class
Mailbox.
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