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Preface

Some time ago, back in 1988 or 1989, I remember reading an article written by
someone at Apple Computer. The article was addressed to all Macintosh pro-
grammers, and spoke to the future of Macintosh software development. Back
then, the vast majority of Macintosh programs were written in either C or Pascal.
Sure, there might have been a little Basic here, and a little C++ there, but those
languages were viewed as the fringe—a definite minority.

Anyway, this article went on to describe the wonders of object programming
and of C++ in particular. Normally, I would have turned the page, since I was
perfectly happy programming in C and Pascal, my personal languages of choice.
But this article quickly captured my attention. As I read, I began to realize
something basic was happening. This article wasn’t just an interesting discus-
sion of an alternative development methodology. It was a warning shot across
my bow. Apple was making a real commitment to object programming and to
C++. At development conferences, the message was also becoming clear. Apple
expected all Macintosh software developers not just to understand, but to em-
brace object programming.

Pay attention to this message: Object programming is the future, and C++ is
the language for object programming. Why C++? Apple rewrote MacApp (their
object development library) entirely in C++. Apple rewrote much of their operat-
ing system in C++. When Symantec and Apple announced their joint cross-
platform development library, Bedrock, they made it clear that Bedrock would
be written entirely in C++.

Once you’ve made the commitment to learn about object programming and
C++, you're ready to take the next step. Bring this book home with you (pay for
it first) and start reading. Learn C++ on the Macintosh will do the rest.

By the way, if you feel like getting in touch, I'd love to hear from you. Get on
CompuServe, type GO MACDEYV, and leave a message in the Learn Programming
section (section 11). In the meantime, let’s get started...

D.M.
Arlington, Virginia
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Chapter 1

Welcome
Aboard

Interested in learning how
to program in C++? Well,
you've come to the right
place. Grab your Mac, hop
into your most comfortable
chair, and read on...



What's in the Package?

8 Why Learn C++?
ThlS Chapter What Should | Know to Get Started?

What Equipment Do | Need?

at a Glance The Lay of the Land

What's in the
Package?

The Chapters and Appendices
The Conventions Used in This Book
Strap Yourself In...

WELCOME! BY PURCHASING THIS BOOK/DISK PACKAGE,
you've taken the first step toward learning the C++ programming
language. As you make your way through the book, you'll learn
one of the most popular and powerful programming languages in
the world today—you’ve definitely made a wise investment.

Before we start programming, we first need to address a few
questions.

Learn C++ on the Macintosh is a book/ disk package. The book is
filled with interesting facts, figures, and programming examples,
all of which are designed to teach you how to program in C++.
In the back of the book is a Macintosh floppy disk that con-
tains all the software you'll need to run each of the book’s pro-
gramming examples on your own computer. Included on this
disk is THIN C++, a customized version of the leading Macintosh
programming environment, written especially for this book. The
disk also includes each of the programs presented in the book so
that you don’t have to type the examples yourself. Such a deal!
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Chapter 1

Why Learn
C++?

What Should
| Know to Get
Started?

There are a lot of reasons for learning C++. Perhaps the biggest
reason is the popularity of C++ as a programming language. Go
to your local technical bookstore and count the books dedicated to
each programming language. Ten years ago, you would have
found that the most popular language out there was Pascal. Five
years ago, the pendulum shifted and C became the most popular
language. Now, the move is toward C++.

Apple recently began rewriting the majority of the Macintosh
operating system in C++. Apple and Symantec recently announced
Bedrock, a cross-platform development vehicle written completely
in C++. You'll find support for C++ everywhere. There are C++
compilers for Unix, Windows, DOS, and, of course, the Macintosh.
The number of C++ programming texts is growing by leaps and
bounds. Opportunities for a good C++ programmer are endless.

The bottom line is this: C++ is the language of the nineties.
Major computer companies like Apple, Microsoft, and Sun are
basing their future operating system designs around C++. Knowl-
edge of C or Pascal just isn’t enough anymore. In my opinion, C++
is a must!

There are two prerequisites to using this book. First, you must
have a basic knowledge of the Macintosh. Do you know how to
double-click on an application to start it up? Does the scrolling list
in Figure 1.1 look familiar to you? Do you know how to use a
word processor like MacWrite or Microsoft Word? If you can use
the Macintosh to run programs and edit documents, you're half-
way there.

Second, you should have a working knowledge of C. If you're
just getting started with programming or if your language of
choice is a language other than C, you might want to pick up a
copy of my book Learn C on the Macintosh. If you just need a quick
C refresher course, check out Chapter 3 of this book. Once you
have a handle on both C and the Macintosh, you're ready to tackle
C++.
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FIGURE 1.1
Scrolling through a list
of folders.

What
Equipment
Do | Need?
The Lay

of the Land

Select a Document:
|ﬁ Learn L++ ¥ = Tremont

ﬂﬂ 2l 12084K available

ap
£ Chap 04 hient
1 Chap 05
£ Chap 06 [Eancel] [I]esklup]
1 Chap 07 [ FindFile... |
4 Chap 08 [] Read Only
List Files of Type: | Readable Files [+]

While it is possible to learn C++ just by reading a book, you'll get
the most out of this book if you run each example program as you
read and discover how it works. To do this, you need a Macintosh.
If you don’t have one, borrow one from a friend. You'll need a
Macintosh with at least 2 megabytes of memory. THIN C++ will
run with most Macintosh system software, from System 6.05 on
up through the various versions of System 7.

If you can, upgrade your Mac to the latest version of System 7.
At the same time, see whether you can get a couple of extra
megabytes to bring your Mac up to 4 megs or more. The extra
breathing room will help.

This book was designed with several different readers in mind. If
you're new to programming, you'll want to read each and every
chapter. Try not to skip over material that seems fuzzy. If you get
stuck, find a C++ programmer who can answer your questions.
Most C++ programmers are friendly and are usually more than
glad to help someone just getting started. Make a commitment to
finish this book. You can do it!

If you're a C master, you might want to skip the C review in
Chapter 3. Do not skip Chapter 2, however. Chapter 2 walks you
through the THIN C++ installation process and ensures that you
copy all the sample code to the right spot on your hard drive.
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Chapter 1

The Chapters and Appendices

This book is made up of ten chapters and nine appendices. This
chapter provides an overview of the book and gets you started
down the right path.

Chapter 2 introduces the disk part of this book/disk package.
You'll learn about THIN C++, the C++ programming environ-
ment designed especially for use with this book. You’ll install
THIN C++ on your hard drive and test out the software to make
sure it’s installed properly. In Chapter 2, you'll run your first C++
program. No matter what programming experience you already
have, don’t skip Chapter 2!

Chapter 3 contains a refresher course in C. Even if you're a
seasoned C programmer, you might want to take a quick look
through this chapter just to make sure everything in it looks
familiar.

Chapter 4 introduces the basic syntax of C++. It covers topics
ranging from C++ operators and keywords to reference types and
function name overloading.

Chapter 5 introduces you to the basics of object programming,
the heart and soul of C++. You'll learn all about classes and objects
and the C++ functions that allow you to create objects of your
very own.

Chapter 6 takes the concept of classes one step further. It
shows you how to use one class as the basis for a new, derived
class. Derived classes play a critical role in extending an existing
set of C++ classes.

Chapter 7 introduces the concept of operator overloading.
C++ allows you to overload its built-in operators, customizing
them to work with objects you define. For example, you might
overload the + operator, enabling you to add two arrays together.

Chapter 8 introducesi ost r eam C++'s equivalent of C’sst di 0
library. Just as routines such as pri ntf () and scanf () allow
you to build a portable user interface in C, the i ost r eamfunc-
tions allow you to build a portable C++ interface.

Chapter 9 takes you down the homestretch by exploring a
potpourri of miscellaneous C++ topics. When you finish this chap-
ter, you'll have completed the first phase of your C++ education.
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Chapter 10 wraps things up. It prepares you for the next step
on your programming path. You’'ll learn about class libraries like
Bedrock, MacApp, and the THINK Class Library. You'll take a
look at several Macintosh C++ development environments and
choose the one that’s right for you. Finally, you'll read about some
of the books and reference materials that you’ll want by your side
as you start your own C++ development efforts.

Appendix A is a glossary of the technical terms used in this
book.

Appendix B contains a complete listing of all the examples
used in this book. This section will come in handy as a reference,
as you write your own C++ programs. Need an example of an
overloaded operator? Turn to the examples in Appendix B.

Appendices C, D, E, and F contain listings of the files
<jiostream h>, <fstream h>, <strstrea. h>, and
<i omani p. h>, respectively. These files are all critical parts of the
i ostream library. If you'll be using i ostream in your own
applications, you'll find these appendices helpful.

Appendix G contains a reprint of an article that appeared in
the April 1990 issue of Apple’s excellent programming magazine
develop. The article is titled “Unofficial C++ Style Guide.” Take the
time to read the style guide. It is packed with extremely useful
information that every C++ programmer should have.

Appendix H describes Symantec C++ for Macintosh, the full
version of the development environment used in this book.

Appendix I is a bibliography of useful programming titles.

The Conventions Used in This Book

As you read this book, you’ll encounter a few standard conven-
tions that make the book easier to read. For example, technical
terms appearing for the first time are displayed in boldface.
(You'll find most of these terms in the glossary in Appendix A.)
All of the source code examples in this book are presented
using a special font, known as the code font. This includes
source code fragments that appear in the middle of running text.
Menu items, or items you'll click on, appear in Chicago font.
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Occasionally, you'll come across a block of text set off
in a box, like this. These blocks are called tech blocks
and are intended to add technical detail to the subject
currently being discussed. Each tech block will fit into
one of five categories: “By the Way,” “Style,” “Detail,”
“Definition,” and “Warning.” Each category has its own
special icon, which will appear to the left of the tech
block. As the names imply, “By the Way” tech blocks
are intended to be informative but not crucial. “Style”
tech blocks contain information relating to your C++
programming style. “Detail” tech blocks offer more de-
tailed information about the current topic. “Definition”
tech blocks contain the definition of an important C++
term. “Warning” tech blocks are usually trying to cau-
tion you about some potential programming problem,
S0 pay attention!

Strap Yourself That's about it. Let's get started!

In...



Chapter 2

Installing
THIN C++

Before you get into the details
of C++ programming, you need
to install the C++ development
environment included with this
book. This chapter takes you
step-by-step through the THIN
C++ installation process.



1 Installing THIN C++
ThlS Chapter Testing THIN C++
at a Glance Opening the hello++ Project

Running hello++.p
Features of THIN C++
Summary

TUCKED INTO THE BACK OF LEARN C++ ON THE MACINTOSH
is a floppy disk containing THIN C++, a sort of swiss army knife for
programmers. THIN C++ provides you with all the tools you'll need
to work with the programming examples presented in the book.

THIN C++ was created especially for this book by Symantec.
In Macintosh programming circles, Symantec is known
best as the maker of THINK C and Symantec C++ for
Macintosh, the programmer’'s choice among Macintosh
development environments.

THIN C++'s built-in text editor allows you to edit the source
code included with each of the sample programs. The THIN C++
compiler is fast and efficient, making short work of the book’s
largest programs. Once your code is compiled, THIN C++ will even
run your program for you.

11
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Installing
THIN C++

FIGURE 2.1
Selecting a location for
the THIN C++ files.

Before you do anything else, make a backup copy of the THIN
C++ disk and place the original disk in a safe place. From now on,
only work with the backup copy of THIN C++. That way, when
your dog uses your backup disk as a teething ring, you'll still
have the original tucked away to make a new backup from.

Next, insert the THIN C++ backup disk (you did make a
backup, didn’t you?) into your floppy drive. The disk contains a
single file named THI N C++. sea. That file is a self-extracting
archive. It contains the files that make up THIN C++ as well as the
examples from this book, all rolled together in a special com-
pressed format.

To decompress the archive, double-click on the THI NC++. sea
icon. A dialog box, like the one shown in Figure 2.1, will appear
and ask you to select a location for all the THIN C++ files. Navi-
gate to the top level of your hard drive (so that the name of your
hard drive appears on the pop-up menu label), and then press the
Extract button.

Select Destination Folder...

Uolume: — Hard Drive LI

Folder: — Hard Drive "I Desktop

O Applications
O Development
O Documents
O Downloads
O Games

O Miracle §

O MPLWD

Cancel

LA

When you press the Extract button, don’t worry if one
of the files or folders in the scrolling list is highlighted.
The THIN C++ files will be stored in the folder whose
name appears in the dialog box’s pop-up label.




Installing THIN C++ 13

Testing
THIN C++

FIGURE 2.2
The hel | o++
subfolder.

Once you press the Extract button, the extraction software
will start to decompress the THIN C++ files. All the files from the
archive are stored in a folder called THI N C++ Devel opnent .
Within this folder, the THIN C++ compiler and its related files are
stored in a folder called THI N C++ Fol der . Also within THI N
C++ Devel opnent, the examples from the book are stored in a
folder called THI NC++ Pr o ect s.

Now that you've installed THIN C++, you're ready to take it for a
test drive. On your hard drive, open the folder THI N C++
Devel opnent and then open the folder THI N C++ Pr oj ect s.
Inside THI N C++ Pr oj ect s, you'll find a subfolder for every
sample program in the book. Notice that the subfolders are in
numerical order, sorted by chapter number. Open the first subfolder
in the list, Chap 02. 01 - hel | o++.

Figure 2.2 shows the files in Chap 02. 01 - hel | o++. One file
is named hel | o++. cp; the other, hel | o++. p. Each of these files
is necessary to run the example program called hel | o++.

=O= Chap 02.01 - hello++ =@

2 itemns 206 .4 ME in disk 24.5 ME
il

ll

hellot++.cp hello++. 10 LI

i

] E2E

The file hel | o++. cp contains the hel | o++ source code. The
file hel | o++. pis known as a project file. A project file holds
information about a program, including the list of the program’s
source code files, as well as the object code generated when these
source code files are compiled. Together, these two files make up
the hel | o++ project.
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All of the sample programs in this book are presented in
project form. THIN C++'s older sibling, Symantec C++
for Macintosh, is also based on the project concept. The
term project is not part of C++, however. Outside the
Symantec development universe, use the term program
instead.

Opening the hello++ Project

Just to make sure THIN C++ is installed properly, let’s take the
hel | o++ project for a spin. Double-click on the icon for the
project file hel | o++. p. A program called the THI N Pr oj ect

Manager will start running. As its name implies, the THI N
Proj ect Manager manages your project files and takes care of
tasks like calling the compiler and running your projects once
they’re compiled.

If the Finder has trouble locating the THI N Pr oj ect
Manager when you double-click on the hel | o++. p
icon, don’t panic. You'll need to rebuild your Mac's
desktop file. To do this, restart your Macintosh while
holding down both the option and command keys (the
command key is the one with the symbol on it).
Keep holding down these keys until your Mac asks you
if it's alright to rebuild the desktop file. Click on the OK
button and, when you get back to the finder, double-
click on the hel | o++. p icon again.

If you don’t want to rebuild your desktop file, you can
also solve this problem by launching the THI NPr oj ect
Manager directly. You'll find the THI NPr oj ect Manager
in the THI N C++ Devel opnent folder, inside the THI N
C++ Fol der . When the THI N C++ Pr oj ect Manager
prompts you for a project to open, go back to the THI N
C++ Pr oj ect s folder and open the hel | o++. p project.
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FIGURE 2.3
The hel | o++
project window.

Once the THI N Proj ect Manager starts up, the hel | o++
project window will appear (see Figure 2.3). The project window
is the focal point for the project. Its title reflects the name of the
project file, in this case, hel | o++. p.

hello++. 1 ———r—
Hame obj size
CPlusLib 1]
hello++.cp L1}
ANSI++ 1]
105treams o

Inside the project window is a list of the files that make up the
project. The project file hel | o++. p makes use of four files: The
files CPl usLi b, ANSI ++, and | CSt r eans are libraries that contain
various C++ support functions; the file hel | o++. cp contains
the source code for the project.

Wheel your mouse over to the project window and double-
click on the name hel | o++. cp. The first click causes the name
hel | o++. cp to be highlighted. The second click opens an editing
window showing the source code contained in the file
hel | o++. cp. You can use the standard Macintosh text-editing
techniques (clicking, dragging, and typing) to edit the source
code in this window. You'll have plenty of editing opportunities
later in the book. For now, close the source code window, leaving
the source code as you found it.

As the more adventurous of you may have already dis-
covered, the rest of the files in the project are not source
code files. For example, if you double-click on the name
ANSI ++ in the project window, nothing happens. THIN
C++ allows you to edit source code only, not libraries.
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FIGURE 2.4
Running hel | o++. p.

Features of
THIN C++

Running hello++.p

Now try running the program whose source code you just looked
at. Select Run from the Project menu. THIN C++ will first
compile and then run your program. A new window will appear
on the screen, similar to the one shown in Figure 2.4. Hit the return
key to exit the program. If you encounter problems running
hel | o++. p, try recopying the files from the original floppy disk.

press «return: to exit - = B

Hel la, waorld!

A few features of THIN C++ are worth mentioning at this point.
Most of these features are accessed via THIN C++'s pull-down
menus. Look at the File menu (as shown in Figure 2.5). By select-
ing New, Open..., or Close, you create, open, or close a text file.
For the most part, the only text files you’ll work with are the
project source code files. Since these files already exist, you prob-
ably won’t have much need for the New command. Since you
can open a source code file by double-clicking its name in the
project window and can close the file by clicking on the window’s
close box, you also probably won’t have much need for Open...
or Close. On the other hand, it’s nice to know these options are
available.
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FIGURE 2.5
THIN C++'s File menu.

FIGURE 2.6
The Edit menu.

| Fie I

NeLwr #EN
Open... ¥D
Close E 11
Save ¥S
Save As...
Revert

Page Setup...
Print... #P
Quit 0

The rest of the File menu is fairly straightforward. Save and
Save As... are useful for saving your source code once you've
made changes to it. Revert reverts the open file back to the last
saved version. Page Setup... and Print... are useful for print-
ing a copy of your source code. Quit exits THIN C++.

The Edit menu (Figure 2.6) starts with the Macintosh standards
Undo, Cut, Copy, Paste, and Clear. The Set Tabs & Font
item brings up a dialog box (Figure 2.7) that allows you to set the
tabs and font for the currently open source code file. The number
in the Tabs field determines how many characters wide a tab
character is; the Font pop-up menus establish the font and font
size for the source code file.

Eoit

Undo #2
Cut #H
Copy #®C
Paste #EU
Clear

S5et Tabs & Font...
Find Text... 3F
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FIGURE 2.7
The Set Tabs &
Font... dialog box.

FIGURE 2.8
The Find Text...
dialog box.

FIGURE 2.9
The Project menu.

Tabs: El

The quick brown fox jumps over the lazy dog.

T

The Find Text... item brings up a dialog box (Figure 2.8) that
lets you search through your source code for a specific text string.

Find text:

capricious

| Find || Cancel

The Project menu (Figure 2.9) is perhaps the most used menu
in THIN C++. If no project is open, the Open Project... item
prompts you for a project to open. Close Project closes the
currently open project and then prompts you for a project to open.

Open Project...
Close Project

Remove Objects

Run R

Remove Objects is useful for compacting project files
(and therefore saving disk space). When THIN C++ compiles
your source code, it saves the newly created object code inside the
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Normally, once you've compiled a project, you can run
the project again and again without recompiling. Two
things will force THIN C++ to recompile your code:
making a change to your source code or performing a
Remove Objects.

Since Remove Objects does save you disk space,
it's a good idea to Remove Objects once you finish
exploring a project.

If you plan on running the THIN C++ code from inside
the full Symantec C++ environment, here are a few tips.

Though you can open a THIN C++ project from within
Symantec C++, you might like to change things so that
Symantec C++ is launched when you double-click on a
THIN C++ project. To do this, use a tool like ResEdit to
change each project’s creator from Jai mto KAHL. If you
don’'t know how to change a file’'s creator or if you're not
comfortable using ResEdit, find someone who'’s done
this before to help you out. ResEdit is a powerful tool, so
be carefull

Once you open a THIN C++ projectin Symantec
C++, you've still got a little work to do. You're now going
to tell the THINK Project Manager to use the Symantec
C++ compiler rather than the THIN C++ compiler to
compile all the source code in this project. Go into the
Edit menu and select THINK Project Manager...
from the Options submenu. When the options dialog
appears, select Extensions from the pop-up menu
near the upper left corner.

project file. This makes the project file bigger, taking up precious
disk space. Remove Objects deletes the object code from the
project file, saving you some disk space.

The final item on the Project menu is by far the most useful.
Selecting Run asks THIN C++ to run your program for you.



20 Chapter 2

When the list of file extensions appears, click on the
.cp file extension. Its translator should be listed as
THIN C++. With the .cp line highlighted, select
Symantec C++ from the Translator pop-up menu
and click on the Replace button. The .cp translator
should change to Symantec C++. Do the same for the
.cpp file extension. Click OK to save your changes.

You'll have to repeat this process for each of the
THIN C++ projects.

Summary That's about it for our THIN C++ intro. Are you ready to get
started? Get comfortable, and turn the page. Here we go!
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Remembering
C

One of the basic assumptions
made in this book is that you
are already acquainted with
the C programming lan-
guage. This chapter contains
a quick refresher course in
C. Even if you're a seasoned
C programmer, you might
want to take a few moments
to look over this material.
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Literal
Constants

BEFORE WE GET STARTED WITH C++, IT'S IMPORTANT
that you have a good grasp of the C programming language. This
chapter offers a review of the primary features of C. Since C is a
subset of C++, you’ll want to make sure you feel comfortable with
all the material covered here. As you read through the chapter,
build yourself a checklist of the C features you need to bone up
on. Then grab your favorite C reference and plug away.

This section covers the various forms you can use to represent a
constant in C.

Integral Constants

Integral constants (constants that represent mathematical inte-
gers) can be represented in decimal, octal, or hexadecimal format.
Decimal constants appear as plain numbers. Octal (base 8) con-
stants always start with a leading zero. Hexadecimal (base 16)
constants always start with the two characters 0x.

The size in bytes of an octal or a hex constant is determined by
the number of characters that appear in the constant. For ex-
ample, since there are two characters to every hex byte, this
constant is 4 bytes long;:

OxO00FFOOFF

Decimal constants default to the size of ani nt .
To represent a decimal constant as al ong, tack an L (in either
upper or lower case) at the end:

205L

To represent a decimal constant as anunsi gnedi nt, tack a U
(in either upper or lower case) at the end:

205U
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The characters UL (in either upper or lower case) are used to
denote a decimal constant of type unsi gned | ong:

205UL

The characters Uand L can also be used at the end of
octal and hexadecimal constants.

Floating-Point Constants

Floating-point constants represent signed, real numbers. A com-
plete floating-point constant consists of an integer portion (to the
left of the decimal point), a fractional portion (to the right of the
decimal point), and an exponent. For example the constant

103. 75e2

represents 103.75 times 10 to the second power, or 10,375.

To qualify as a floating-point constant, either the decimal
point or the exponent (or both) must be present. All of the follow-
ing are legal constants:

100. e2
. 5e2
100.5
.5
100e5

Normally, floating-point constants are represented as a doubl e.
To represent a floating-point constant as af | oat, tack an F at the
end:

125. 7F

To represent a floating-point constant as al ong doubl e, tack
an L at the end:

125. 7L
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f1 oat, doubl e, and | ong doubl e are the three floating-
point types offered by C. For more information on these types,
read the section on variables a few pages down the road.

Character Constants

Single-byte character constants are represented by enclosing a
character in single quotes, like this:

a

The \ character (backslash) is used to create special single-
byte character constants. If the first character following the \ is a
zero, the remainder of the constant is interpreted as an octal ASCII
character code. If the first character following the \ is an X, the
remainder of the constant is interpreted as a hexadecimal ASCII
character code. For example, both of the following constants rep-
resent the ASCII bell character:

"\ 007"
"\ x7'

In addition, there are 11 backslash combinations that repre-
sent single-byte characters (Figure 3.1). For example, the constant
"\'a' represents the ASCII bell character.

The most frequently used backslash sequence is the
newline character, represented by the sequence '\ n' .
When placed at the end of a string sent to the console,
the newline character forces the cursor to the beginning
of the next line of output.

Finally, the constant '\ 0' represents a single byte with a
value of 0. This constant is used as a terminator for C character
strings.
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FIGURE 3.1
Single-byte backslash
characters.

Constant Meaning

\a Bell

\b Backspace

\f Formfeed

\n Newline

\r Return

\t Horizontal tab
\v Vertical tab

\\ Backslash

\? Question mark
\ Single quote
\" Double quote

String Constants

String constants are formed when a set of zero or more characters
is surrounded by double quotes, like this:

char *ni cknane = "Apple dunpling";

Each character in the string consumes 1 byte of memory. A
null terminator ('\0') is automatically placed at the end of the
string. The \ combinations presented in the previous section are
particularly useful when placed inside a string constant.

Enumerations

Enumerations are types declared using the enumkeyword and a
list of enumeration constants. These constants provide an alterna-
tive to the #def i ne mechanism (described later in the chapter)
by allowing you to declare a series of constants with a single
statement. Here’s an example:

enum weekDays { nonday = 2, tuesday, wednesday,
t hursday, friday }
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Variables

By default, the first constant starts with a value of 0, and
following constants increase in value by 1. Any or all of these
constants can be initialized automatically. In the example just
given, nonday is initialized to 2, t uesday to 3, wednesday to 4,
and so on.

Variables can be defined within any block of code. The basic
variable types are char, i nt, andf | oat . All three of these can be
defined as si gned or unsi gned. A si gned variable can repre-
sent either a positive or a negative number, while an unsi gned
variable is limited to nonnegative numbers. For example, asi gned
char can hold values ranging from —128 to 127 and anunsi gned
char can hold values from 0 to 255.

In addition to si gned and unsi gned, ani nt can be defined
using the qualifier short or | ong, as in these examples:

long int nmyLong;
short int myShort ;

Most programmers prefer the shorthand notation, using | ong for
I ongint and short forshort int:

| ong nmyLong;
short nyShort;

As pointed out earlier, the ANSI standard does not specify the
size of thei nt data type, leaving that decision up to the develop-
ment environment.

Just aschar,short, and| ong represent a steadily increasing
sequence of integral types, f | oat, doubl e, and | ong doubl e
are a steadily increasing sequence of floating-point types.

According to the ANSI standard, adoubl e is at least as large
asafloat,andal ong doubl e is at least as large as a doubl e.
Typically, a f | oat is four bytes long, and a doubl e, appropri-
ately enough, is 8 bytes long. On most machines, al ong doubl e
is the same size as a doubl e.



Remembering C 29

Arrays

Any variable data type can form the basis of an array definition.
Array definitions consist of a type, an identifier, and a dimension, as
in the following:

short nyShortArray[ 10 ];
Arrays can be multidimensional. For example, the code
unsi gned char bytes[ 10 ][ 20 ];

defines an array named byt es that totals 200 bytes in size. byt es
is actually an array of 10 arrays, each of which is 20 bytes in
length.

In real life, multidimensional arrays are seldom neces-
sary. In most cases, an array of pointers serves the
same purpose and allows the size of each “row” to be
specified independently, as opposed to the fixed row
size of a multidimensional array.

Initialization

Here are a few examples of variable and array initialization:

char firstLetter = "a';

char *nane = "Dave Mark";

short val ue = OxFFAA;

fl oat nunbers[ 5] ={ 10.0, 20.0, 35.0, 6.7, .2 };
Structures

Structures allow you to group a set of variables under a single
name and are declared using the struct keyword. The indi-
vidual variables in a struct are known as fields. To access a
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struct field, use the . operator, as shown in the following
example:

struct

{
short myFirstField;

fl oat mySecondFi el d;
} nyStruct, *myStructPtr;

myStruct.nyFirstField = 20;

To access a st ruct using a pointer, use the - > operator as
follows:

nmyStructPtr = &yStruct,;

myStructPtr->nyFirstField = 20;

Unions

Unions allow you to interpret the same block of memory in more
than one way. Unions are declared using the same format as a
struct declaration, but the uni on keyword is substituted for the
struct keyword. In a union, however, enough memory is allo-
cated to hold the largest of the declared fields. The contents of the
union are interpreted based on the field you reference. Here’s an
example:

uni on short_or_|l ong

{
short myShort ;

| ong myLong;
}

uni on short_or_| ong nyUni on;

The union declaration just given merges ashort and al ong
into a single entity. If you refer to

ny Uni on. nyShort
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the first 2 bytes of the union will be interpreted as ashor t . If you
refer to

nmy Uni on. nyLong
all 4 bytes of the union will be used as a | ong. The size of the

union is determined by the largest of the union’s fields.

Typedefs

Typedefs are used to create new variable types from existing
types. For example, the t ypedef statement

typedef short M/ Type;

creates a new type called MyType, which can be used in future
variable definitions, such as the following;:

MyType nyVari abl e;

Typedefs are frequently used in combination with structure
and union declarations. Here’s a st r uct example:

t ypedef struct

{
short shortField;

Il ong |ongField;
} MyStruct Type;

MyStruct Type nyStruct;
myStruct.shortField = 20;

The t ypedef statement in this example creates a new symbol
with the name My St r uct Type, which can then be used to define
astruct named nyStruct.
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Automatic Type Conversion

When an operator joins two operands of differing data types, the
operands are converted to a common type before the operation is
performed. Here’s an example:

short myShort = 20;
| ong myLong = 10;
| ong result;

result = nmyLong + myShort;

In this code, the + operator joins ashort (2 bytes) and al ong (4
bytes). Since the | ong is larger than the short, the short is
converted to a | ong before the addition is performed, producing
al ong as a result.

This example typifies C’s approach toward automatic type
conversion. In general, a small type will be converted to a larger
type, rather than the other way around. In this way, no informa-
tion is lost by truncating a value.

If an operator’s operands are built-in C data types (one of
char, short,int, | ong, unsi gned, unsi gned | ong, fl oat,
doubl e, or | ong doubl e), the following rules are used to guide
the automatic type conversion:

e First, if either of the operands is a char or a short, that
operand is converted to an i nt .

e Next, if the operands are of different types, the shorter of
the two operands is converted to the longer of the two

types.
e Finally, the result of the operation is converted to the type
of the I-value.

For example, if the operands were an i nt and a doubl e, the
i nt would be promoted to a doubl e before the operation was
performed. A comparison between a f | oat and a char would
first see the promotion of the char to ani nt, then the promotion
of theint toafl oat.

The rules change when the operands are pointer types instead
of built-in types. With one exception, pointer types need to match
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exactly. If they don’t, you'll need to cast one of the pointers to the
type of the other pointer.

The exception to this rule involves the voi d pointer (voi d *).
The voi d pointer was designed to serve as a generic pointer type,
pointing to a block of data whose type may not be known at
compile time. In an expression where one of the two operands is a
voi d pointer, no typecasting is necessary. This means that the
following code will compile (even if it doesn’t do very much):

voi d *voi dPtr;
short *shortPtr;

voi dPtr = shortPtr;
shortPtr = voi dPtr;

When we get to the topic of automatic type conversion in C++

(see Chapter 4), you'll find that these rules change slightly.

Typecasting

Typecasting offers a more direct method for translating one vari-
able data type to another. A typecast is a combination of types and
* operators embedded in parentheses that determine the order of
casting. The following code casts a short toal ong:

(1 ong) nyShor t
The next code casts a shor t pointer to a | ong pointer:

(long *)nmyShort Ptr

The const Qualifier

When a variable is defined using the const qualifier, an initial
value must be provided in the definition, and that value cannot be
changed for the duration of the program. Here are two examples:

const float serial Nunber = 523. 5876;
const char nyNanme[] = "Dave Mark";
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Storage-Class Specifiers

The storage-class specifiers aut o, extern, static, regi ster,
and vol ati | e define the mechanism used to create the associ-
ated variable. A variable marked as aut 0 has the same properties
as a local, nonstatic variable. This means that space for the vari-
able is allocated when the defining block is entered and the same
space is deallocated when the block is exited.

The ext er n specifier tells you that space for a variable is
allocated outside the current scope. st at i ¢ variables retain their
value even after the block they’re defined in is exited. r egi st er
variables are allocated using a register, if the current implementa-
tion allows for it.

Finally, vol at i | e is a little used qualifier that marks a variable
as modifiable from outside the program. vol at i | e is implemen-
tation dependent. For more information on it, check the manual
that comes with your development environment.

Pointers

A variable defined as a pointer is designed to hold the address of
a variable or function of a specific type. The * operator combines
with a normal variable definition to create a pointer variable, as in
the following example:

| ong nmyLong;
| ong *myLongPtr;

These definitions create al ong and a pointer to a variable of type
| ong. To make the pointer point to a | ong, use the & operator.
The unary & operator returns the address of its operand:

myLongPtr = &nmylLong;

To retrieve a value from a pointer, use the * operator. The *
operator takes an address and returns the value at that address:

nmyLong = *nyLongPtr;
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As mentioned earlier, the - > operator can be used with a
pointer to a struct to access one of the struct’s fields. The * and .
operators can be used in the same way. The code

myStruct Ptr->nyField
has the same effect as the following code:
(*nyStructPtr).nmyField

Pointers are frequently used to step through an array. To do
this, you’ll make use of the +, ++, -, and - - operators (described
in the section on operators). The + and ++ operators increase the
value of a pointer based on the size of the pointer’s base type. The
- and - - operators do the reverse. For example, + will increment
a char pointer by 1 byte, ashort pointer by 2 bytes, and al ong
pointer by 4 bytes. This is precisely the amount of memory you
want to increment a pointer to move it from one element of an
array to the next element.

Pointer arithmetic comes in especially handy when you're
working with character strings, which are implemented as an
array of char s. For example, the following code copies one char-
acter string to another:

void CopyString( char *source, char *dest )
{
while ( *source !'="'\0" )

{

*dest = *source;
dest ++;
sour ce++;

}
*dest = '\0';

}

This example copies each byte of sour ce to the corresponding
byte in dest until sour ce’s terminating null byte is encoun-
tered. The ++ operator is used to bump the pointers along the
character strings.
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Operators

Here’s a version of the preceding string-copying ex-
ample that's preferred by many C programmers:

voi d CopyString( char *source, char *dest )

while ( *dest++ = *source++ )

}

The key to this code is the combination of the =, *, and
++ operators inside the whi | e clause. Take a few min-
utes to analyze this code. This method of copying a null-
terminated string is so common (and elegant, in my
opinion) that you may want to add it to your personal
toolbox.

At the heart of C is an extensive set of operators that allow you to
build complex expressions. Some of the operators work with a
single operand. Others require two or more operands. Some op-
erators are mathematical in nature. Some are comparative. This
section lists the complete set of ANSI C operators.

Arithmetic Operators

The arithmetic operators are +, -, *, /, and % Each of these
operators is binary (takes two operands). +, -, and * perform
addition, subtraction, and multiplication, respectively./ performs
integer division, truncating its result to an integral value. %di-
vides its first operand by its second and returns the remainder.

Assignment Operators

All of the assignment operators are binary. The = operator copies
the value of its right side to the variable on its left side. All of the
other assignment operators combine = with some other operator,
as in this example:
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| eft Side += rightSide;
This expression is equivalent to the following statement:
leftSide = leftSide + rightSide;

The augmented assignment operators are +=, - =, *=,/ =, %,
>>=, <<=, &, | =, and "=. Each of these operators follows the
pattern just described. The operator portions of the augmented
assignment operators are described individually throughout this
section.

Bitwise Logical Operators

The bitwise logical operators are &, | ,*, <<, >>, and ~. ~ is a unary
operator (takes a single operand). The remainder of the bitwise
logical operators are binary. ~ produces a one’s complement of its
operand. & performs a bitwise AND, | a bitwise OR, and * a
bitwise EXCLUSIVE OR on their two operands.

<< and >> perform a left and a right bit shift, respectively, on
the left-hand argument. The right-hand argument determines the
number of bit positions to shift.

The bitwise OR operator (| ) is typically used to change
the value of a specified bit to 1. For example, suppose
you had a byte with a value, in binary, of 00001111,
and you wanted to set its high bit to 1. Use the bitwise
OR operator, along with the binary value 10000000:

unsi gned char highBitlsOne = 0x80
/* 10000000 */

unsi gned char nyByte = OxOF;
/* 00001111 */

nmyByte | = highBitlsOne; /* Now nyByte
is 10001111 */

The bitwise AND operator (&) is typically used to test
whether a bit is set to 1 or to change a bit (or bits) to 0.
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Consider these two variables:

unsi gned char  hi ghBitlsCne = 0x80;
/* 10000000 */

unsi gned char nyByte = OxOF;
/* 00001111 */

To test whether the high bit of myByt e is set, use the
bitwise AND operator:

if ( (myByte & highBitlsOne) ==
hi ghBi t1sCne )

This expression will evaluate to true only if the high bit of
myByt e is setto 1.
This line of code will set the high bit of nyByt e to O:

nyByte &= Ox7F;, /[* Ox7F == 01111111 */

The Conditional Operator

The conditional operator (?: ) is C’s only ternary operator (requir-
ing three operands). The operator takes the following form:

expressionl ? expression2 : expression3

The first expression is evaluated. If it evaluates to true, the second
expression is evaluated and that result is the result of the entire ?:
operation. If, however, the first expression evaluates to false, the
third expression is evaluated and that result is the result of the
entire expression.

Increment and Decrement Operators

The increment and decrement operators offer a quick way to
increment or decrement a variable. Both of these operators are
unary. The increment operator (++) increments its operand by 1.
The decrement operator (- - ) decrements its operand by 1. Applying
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FIGURE 3.2
Logic table for the &&,
| |,and! operators.

either of these operators to an array pointer changes the value of
the pointer to point to the next element (either up or down) in the
array.

These two operators may be placed before the operand (prefix
notation) or immediately after the operand (postfix notation). In
prefix notation, the increment or decrement operation is per-
formed before the enclosing expression is evaluated. In postfix
notation, the increment or decrement operation is performed after
the enclosing expression is evaluated.

Logical Operators

The three logical operators are &&, | | , and ! . They manipulate
their operands using Boolean logic according to the table in Fig-
ure 3.2. && and | | are binary operators and perform logical AND
and logical OR operations, respectively.! is a unary operator and
performs a logical NOT operation.

1A AX&E AlIB

True |True |False | True | True
True |False | False | False | True
False | True | True | False | True
False | False | True | False | False

Relational Operators

The six relational operators are >, >=, <, <=, ==, and ! =. All are
binary operators and compare the first operand with the second.
> returns t r ue if the first operand is greater than the second. >=
returns t r ue if the first operand is greater than or equal to the
second. < returnst r ue if the first operand is less than the second.
<= returns t r ue if the first operand is less than or equal to the
second. == returnst r ue if the two operands are equal. ! = returns
t r ue if the two operands are not equal.
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The Comma Operator

The comma operator (, ) is used to fuse two expressions into a
single expression. For example, the line of code

i ++, ]+

increments the variables i and j . The expressions that surround
the comma operator are evaluated from left to right. The result of
the operation is the value of the rightmost expression.

The sizeof() Operator

Although it appears to be a function call, si zeof () is actually a
C operator that takes a single parameter. si zeof () returns the
size in bytes of the argument. If the argument is a variable,
si zeof () returns the number of bytes allocated for that variable.
If the parameter is a type, Si zeof () returns the number of bytes
necessary to allocate a variable of that type.

Operator Precedence

All of C’s operators are ranked according to precedence. In this
expression

6 +3*5

the order in which the two operators are evaluated has a definite
effect on the expression’s value. If + has a higher precedence than
*, the expression will evaluate to 45. If * has a higher precedence,
the result will be 21 (the correct answer is 21, by the way).

Two factors determine the order in which an expression’s
operators are evaluated. If one operator has a higher precedence
than another, that operator is evaluated first. If the operators have
equal precedence, the operators are evaluated from either left to
right or right to left, depending on the operators. The chart in
Figure 3.3 ranks each of C’s operators and, for each grouping of
equal operators, tells whether that group is evaluated from left to
right or right to left.



Remembering C 41

FIGURE 3.3

: : Operators
~ C operators listed in {High to Low Precedence) Order
high to low precedence.
> Left to right
Typecast, *, & unary + and -, !, ~, ++, --, sizeof | Right to left
Arithmetic *, /, % Left to right
Arithmetic + and - Left to right
<<, >> Left to right
> >= <, <= Left to right
==, I= Left to right
& (bitwise AND) Left to right
A Left to right
| Left to right
&& Left to right
I Left to right
?: Right to left
=, +=, -5, *:’ =, %:, >>= <<=, &:, |:, N= Right to left
, Left to right

Statements C statements are terminated by a semicolon (; ). They can be
grouped into blocks by using a matching pair of curly braces (left
{ and right} ). Figure 3.4 lists the keywords that can be used in the
construction of ANSI C statements. You should be familiar with
each of these keywords.

FIGURE 3.4 ANS| C Keywords
C statement keywords.

auto do goto short typedef
break double if signed union
case else int sizeof unsigned
char enum long static void
const extern register struct volatile
continue float return switch while
default for
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Functions C statements can be grouped into individual functions. Every

program contains at least one function, mai n() . mai n() is auto-
matically called to start the program. When the program starts,
mai n() takes two parameters, ar gc and ar gv. ar gc and ar gv
are known as command-line arguments. ar gc specifies the num-
ber of parameters embedded in the second argument, ar gv. ar gv
is an array of parameters.

Functions can take parameters, and those parameters may be
passed by value or by reference. Each function can also return a
value of a specified type. If you don’t specify a return type, i nt is
assumed by the compiler. The predefined type voi d indicates an
absence of a return type or an absence of parameters. A function
with no parameters and no return values might look like this:

void GoodFor Not hi ng( void )

{
}

Typically, functions are declared at the top of the program file
(or in a header file) by using function prototypes. Function proto-
types allow you to specify a function’s return type as well as the
type of each of its parameters, adding an extra layer of type
checking to your program.

The Ellipsis

Used at the end of a function’s argument list, the ellipsis (. . . )
indicates that a variable number of arguments may be passed to
the function. For example, consider the following function decla-
ration:

void MFunc( short atlLeastOne, ... );

MyFunc() requires at least one parameter but may take more
than one. The type of the first parameter isshor t . The type of any
additional parameters is unspecified.



Remembering C 43

Preprocessor
Directives

Comments

The classic example of ellipsis use is in the declaration of
printf():

int printf( char *format, ... );

The first parameter is a text string containing the format specifica-
tion. The remaining arguments (if there are any) are determined
by the format string.

Traditional C compilers compile your program in two passes. The
first of these two passes is known as the preprocessor pass. There
are a number of commands that you can place in your code to
instruct the compiler to take a special action during this pass.
These commands are known as preprocessor directives and always
start with the pound sign (#).

Two widely used preprocessor directives are #def i ne and
#i ncl ude. #defi ne takes two parameters and asks the pre-
processor to substitute the second parameter for the first through-
out the remainder of the code. Since this substitution happens
during the first compiler pass, the substitutions are in place for
the second pass.

#i ncl ude includes the specified file in the source code, also
in time for interpretation by the second pass of the compiler.
Typically, the name of the included file ends in . h (instead of C’s
traditional . ). These files are known as header files and contain
t ypedef s, #defi nes, function prototypes, and other useful
nonexecutable statements.

Other preprocessor directives include #el i f,#el se, #endi f,
#error,#if, #i fdef,#i f ndef,#l i ne,#pragma, and#undef .

The character combinations / * and */ have a special meaning in
C./* marks the beginning and */ marks the end of a source code
comment. When the compiler encounters these characters in your
code, it will ignore all characters in the comment, including / *
and */ .
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Summary

C comments cannot be nested. This means that you can’t put
a comment block inside another comment block. Also, / * and */
lose their meaning when placed inside a string or character literal.

It is downright impossible to describe the entire C language in
one chapter. However, if you understand the concepts presented
here, you are definitely ready for C++. If you ran into trouble
anywhere along the line, pick up a copy of Learn C on the Macintosh
(by yours truly) or the second edition of The C Programming
Language by Kernighan and Ritchie. Better yet, hook up with your
local neighborhood C guru or ask your teacher for help. You'll get
much more out of this book once you understand C.
When you're ready, turn the page. C++, here we come!
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Introducing
C++

Welcome to the world of
C++. This chapter covers
all the basics, from opera-
tors and keywords to refer-
ence types and function
name overloading.
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Getting C
Code to Run
under C++

NOW THAT YOU'VE GOT A REVIEW OF C UNDER YOUR BELT,
you're ready to tackle C++. C++ supports all the features of C,
with a few twists and a lot more features thrown in.

This chapter starts with a comparison of C and C++, focusing
on changes you’ll need to make to compile your ANSI C code
with an ANSI C++ compiler. It then moves on to some features
unique to C++.

Think of C++ as a superset of C. For the most part, every single
feature you’ve come to know and love in C is available in C++
(albeit with a few changes). As in C, C++ programs start with a
mai n() function. All of C’s keywords and functions work just
fine in C++. If you've ever written a C program that takes advan-
tage of the command-line arguments ar gc and ar gv, you'll be
glad to know that they’re still around in C++.

In fact, with only a few tweaks here and there, your C pro-
grams should run quite well in the C++ world. Try not to get too
wrapped up in this section. While it is important that you be
aware of each of the issues discussed, some of this stuff is pretty
subtle and you may never run into it in your own code. You may
want to skim the rest of this section, then come back to it for a
quick review once you start coding. Be sure you're back on full
alert, however, when we get into new features of C++.

Function Prototypes Are Required

In C, function prototypes are optional. As long as there’s no type
conflict between a function call and the same function’s declara-
tion, your program will compile.

In C++, a function prototype is required for each of your
program’s functions. Your C++ program will not compile unless
each and every function prototype is in place. As in C, you can
declare a function without a return type. If no return type is
present, the function is assumed to have a return type of i nt .
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Automatic Type Conversion

If you haven’t already, turn back to Chapter 3 and review the
section that describe C’s automatic type conversion. C++ uses the
same rules as C for automatic type conversion, but with a slight
twist.

Although avoi d pointer can be assigned the value of another
pointer type without explicit typecasting, the reverse is not true.
For example, although the following code compiles properly in C,
it will not compile in C++:

void *voidPtr;
short *shortPtr;

voidPtr = shortPtr; /* <-- This line is just
fine... */

shortPtr = voidPtr; /* <-- This line is fine in C
but WLL NOT conpile in C++ */
shortPtr = (short *)voidPtr; /* <-- This works in

CH+ */

Scope Issues

There are several subtle differences between C and C++ involving
scope. A variable’s scope defines the availability of the variable
throughout the rest of a program. For example, a global variable is
available throughout a program, while a local variable is limited
to the block in which it is declared. Though C++ follows the same
scope rules as C, there are a few subtleties you should be aware of.

For example, take a look at the following code. Try to guess
the value of si ze at the bottom of mai n() :

char dumy[ 32 ];
int main()
{

I ong size;

struct dunmy
{
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char nyArray[ 64 ];
1

size = sizeof ( dummy );

return O;

}

In C, si ze ends up with a value of 32; the reference to dummy in
the si zeof () statement matches the global variable declared at
the top of the program. In C++, however, si ze ends up with a
value of 64; the reference to dummy matches the struct tag
inside mai n() .

In C++, a structure name declared in an inner scope can hide a
name in an outer scope. This same rule holds true for an enumera-
tion:

enum color { red, green, blue };

In C++, thisenumcreates a type named col or that can be used to
declare other enums and would obscure a global with the same
name.

Here’s another example:

int main()

{

struct s

{
enum { good, bad, ugly } clint;
1

short good;

return O;

}

An ANSI C compiler will not compile this code, complaining that
the identifier good was declared twice. The problem here is with
the scope of the enumeration constant good. In C, an enumeration
constant is granted the same scope as a local variable, even if it is
embedded in a struct definition. When the compiler hits the
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defa nish' an

short declaration, it complains that it already has a good identi-
fier declared at that level.

In C++, this code compiles cleanly. Why? C++ enumeration
constants embedded in a st r uct definition have the same scope
as that st r uct’s fields. Thus, the enumeration constant good is
hidden from the shor t declaration at the bottom of mai n() .

A third example involves multiple declarations of the same
variable within the same scope. Consider the following code:

short gWd obal ;
short gMWdobal; [/* Cool in C, error in C++ */

The C compiler will resolve these two variable declarations to a
single declaration. The C++ compiler, on the other hand, will
report an error if it hits two variable declarations with the same
name.

It's useful to be aware of the difference between a
declaration and a definition. A declaration specifies
the types of all elements of an identifier. For example, a
function prototype is a declaration. Here are some more
declarations:

char name[ 20 ];

typedef int nyType;

const short kMaxNanelLength = 20;
extern char aletter;

short MyFunc( short mnyParam);

As you can see, a declaration can do more than tie a
type to an identifier. A declaration can also be a defini-
tion. A definition instantiates an identifier, allocating the
appropriate amount of memory. In this declaration:

const short kMaxNaneLength = 20;

the constant kMaxNanelLengt h is also defined and
initialized.
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New Features
of C++

The //
Comment
Marker

OK, here comes the good stuff! The remainder of this chapter will
take you beyond C into the heart of C++. While we won’t explore
object programming in this chapter, we will cover just about
every other C++ concept.

C’s comment block markers, / * and */, perform the same func-
tion in C++. In addition, C++ supports a single-line comment
marker. When a C++ compiler encounters the characters //, it
ignores the remainder of that line of code. Here’s an example:

int main()

{
short numCuppies; // My increase suddenly!!

return O;

}

As you’d expect, the characters / / are ignored inside a com-
ment block. In the following example, / / is included as part of the
comment block:

int main()

{

[* Just a comment. ..
/1 */

return O;

}

Conversely, the comment characters / * and */ have no special
meaning inside a single-line comment. The start of the comment
block in the following example is swallowed up by the single-line
comment:

int main()
{
/1 Don't start a /* comment bl ock
inside a single-line coment...
This code WLL NOT conpilell! */
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return O;

}

The compiler will definitely complain about this example!

Handling In astandard C program, input and output are usually handled
Input and by Standard Library routines such as scanf () and printf().
Output While you can call scanf () and printf () from within your
utp C++ program, there is an elegant alternative. The i ostream
facility allows you to send a sequence of variables and constants
to an output stream, just as printf () does. Also, i ostream
makes it easy to convert data from an input stream into a se-
quence of variables, just as scanf () does.

@ Though the i ost r eamfeatures presented in this section
X may seem simplistic, don't be fooled. i ostream s
) actually quite sophisticated. In fact, i ost r eamis far

more powerful than C'’s standard 1/O facility. The material

given here will allow you to perform the input and output

you'll need to get through the next few chapters. Later in
the book, we’ll explore i ost r eamin more depth.

i ost r eam predefines three streams for input and output.
ci n is used for input, cout for normal output, and cer r for error
output. The << operator is used to send data to a stream. The >>
operator is used to retrieve data from a stream.

def'a nish' an _ . .
The << operator is known as the insertion operator

because it allows you to insert data into a stream. The
>> operator is known as the extraction operator be-
cause it allows you to extract data from a stream.
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Here’s an example of the << operator:
#i ncl ude <i ostream h>

int main()

{

cout << "Hello, world!";

return O;

}

This program sends the text string "Hel | o, world!" to the
console, just as if you'd used printf (). The include file
<i ostream h> contains all of the definitions needed to use
i ostream Since << is a binary operator, it requires two oper-
ands. In this case, the operands are cout and the string" Hel | o,
wor | d! ". The destination stream always appears on the left side
of the << operator.

Just like the & and * operators, >> and << have more
than one meaning (>> and << are also used as the right
and left shift operators). Don’t worry about confusion,
however. The C++ compiler uses the operator’'s context
to determine which meaning is appropriate.

As with any other operator, you can use more than one << on
a single line. Here’s another example:

#i ncl ude <i ostream h>

int main()

{
short i = 20;
cout << "The value of i is " << i;
return O;

}
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FIGURE 4.1

THIN C++ prompts you
for a project file to
open.

This program produces the following output:
The value of i is 20

i ostreamknows all about C++’s built-in data types. This
means that text strings are printed as text strings, shorts as
shorts, and fl oats as fl oats, complete with decimal point.
No special formatting is necessary.

An iostream Output Example

Here’s an interesting example of i 0ost r eamand output. Start up
THIN C++ by double-clicking on the file named THI N Pr oj ect

Manager . You'll find the THI NPr oj ect Manager inside the THI N
C++ Devel opnent folder, inside the THI NC++ Fol der . THIN
C++ will prompt you for a project file to open (Figure 4.1). Go into
the folder called THI NC++ Proj ect s (you'll have to move up
one level to find it), then into the subfolder named Chap 04. 01 -

cout, and open the project file named cout . p.

[ THIN C++ Folder ¥ |

[0 Headers & Libs — Tremont
[0 Translators
Desktop
&)

At this point, the cout . p project window will appear, as
shown in Figure 4.2. Each of the four names in the project window
represents a separate file. cout . cp is the file containing the C++
source code. The other three files are libraries containing various
support routines. The i ostreans library contains all the
i ost r eamfunctions, CPl usLi b is a set of support routines for
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FIGURE 4.2
Project window for
cout . p.

the C++ compiler, and ANSI ++ is the Standard Library from C
with some modifications to support C++. You'll see these three
libraries in all of your projects.

cout.m
Name obj size
cout_ep
CPlusLibk
ANSI++
105treams

=

oD oo

If you double-click on the name cout . cp in the project win-
dow, a new window will appear, containing the cout source
code, as follows:

#i ncl ude <i ostream h>

int main()
{
char *name = "Dr. Crusher"”;
cout << "char: " << name[ 0] << '\n'
<< "short: " << (short)(name[ 0 ]) << '\n'

<< hane << '\n'
<< (unsi gned | ong) nane;

<< "string:
<< "address:

return O;

}

Running cout.p

Select Run from the Project menu. THIN C++ will compile
your source code, then run the compiled program. When the
console window appears, compare your output with that shown
in Figure 4.3. To exit the program, type a carriage return. Let’s
take a closer look at the code.
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FIGURE 4.3
THIN C++’s console
window, showing the
cout output.

press <returns to it =——————P]I-

char: ul

short: [s1=}

string: DOr. Crusher
address: 2130000

The cout Source Code
The program starts by initializing the char pointer nane, point-
ing it to the text string " Dr. Crusher". Next comes one giant
statement featuring eleven different occurrences of the << opera-
tor. This statement produces four lines of output.

The following line of code

cout << "char: << nanmg[ 0] << '\n
produces this line of output:
char: D

As you'd expect, printing name[ 0] produces the first character
in nane, an uppercase D.
The next line of code is

<< "short: " << (short)(name[ 0 ]) << '\n'
The output associated with this line of code is as follows:

short: 68
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This result was achieved by casting the character' D' toashort.
In general, i ost r eamdisplays integral types (such asshort and
i nt) as an integer. As you'd expect, a fl oat is displayed in
floating-point format.

The next line of code

<< "string: << nanme << '\n'

produces this line of output:
string: Dr. Crusher

When the << operator encounters a char pointer, it assumes you
want to print a zero-terminated string.

The final chunk of code in our example shows another way to
display the contents of a pointer:

<< "address: << (unsi gned | ong) nane;

Again, name is printed, but this time is cast as an unsi gned
| ong. Here’s the result:

address: 2150000

Anytime you encounter an address, take it with a grain
of salt. Since your computer and mine are probably
quite different, your addresses will probably be different
from those shown in the book.

As you can see, cout does what it thinks makes sense for each
type it prints. Later in the book, you'll learn how to customize
cout by using it to print data in a specified format or teaching it
how to print your own data types.
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According to the ARM (The Annotated C++ Reference
Manual) mai n() 's type is implementation dependent.
Traditionally, mai n() is declared to return an i nt. If
mai n() doesn’t return a value, the compiler assumes
its type to be voi d. Consider this code:

mai n()
{
}

Different compilers deal with this code in different
ways. Some print a warning message, telling you that a
return value from mai n() was expected, while at least
one compiler (Symantec’s) refuses to compile this code,
generating a compile error.

All of the programs in this book declare mai n() to
return an i nt . To avoid compile warnings/errors, each
mai n() ends with the line:

return O;
To avoid repetition, | ignore this line in the code

walkthroughs. Just thought you'd like to know why it's in
there.

An iostream Input Example

Our next example explores the flip side of i ost r eamby reading
data in as well as printing it out. Close cout. p by selecting
Close Project from THIN C++'s Project menu. When
prompted for a new project file to open, go back to the THI N C++
Pr oj ect s folder, open the subfolder named Chap 04. 02 - ci n,
and open the project file named ci n. p.

Running cin.p

Select Run from the Project menu. First, you'll be prompted to
type in your first name. Type in a single name (don’t type in any
spaces, tabs, or other white space characters) and hit return. Next,
you’ll be prompted for three numbers: a short, a | ong, and a
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FIGURE 4.4

THIN C++'s console
window, showing the
ci n. p output.

f 1 oat . Type all three numbers on the same line, separating each
by a space, and then hit return. ci n will then list your name, as
well as each of the three numbers you typed in (Figure 4.4). Once
you're done admiring your handiwork, type a carriage return to
exit the program.

press <return: to exit E;EEI

Type in your first nome: Daue
Short, long, float: 747 123456780 2. 141390

Your name is: Daue
myShort: 747
mylLong: 123455739
myF loat: 3. 14159

If things didn’t go exactly as planned, try running the
program again. This time, when prompted for your first
name, be careful to type only a single word containing
no white space characters. Next, be sure that the three
numbers are in the proper order, a shor t , followed by a
| ong, followed by a f | oat. As you'll see, ci n is pretty
picky about the format of its input data.

The cin Source Code

As is always the case when you use i ost r eam the program
starts by including the file <i ost r eam h>. Next, the constant
kMaxNaneLengt h is defined, providing a length for the char
array name:
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#i ncl ude <i ostream h>
const short kMaxNaneLength = 40;

int main()

When a variable is defined using the const qualifier, an
initial value must be provided in the definition, and that
value cannot be changed for the duration of the program.
Although some C programmers tend to use #defi ne
instead of const, C++ programmers prefer const to
#def i ne.

ci nuses cout and << to prompt for a text string, a short, a
| ong, and a f | oat . ci n and >> are used to read the values into
the four variables nanme, my Shor t, myLong, and nyFl oat :

{
char nane[ kMaxNaneLength ];

short nyShort;

I ong nylLong;
fl oat nyFl oat;

The next line uses << to send a text string to the console:

cout << "Type in your first name: ";
Next, >> is used to read in a text string:
cin >> nane;

Type your first name and hit a carriage return. Be sure to type
your first name only. When the >> operator reads a text string, it
reads a character at a time until a white space character (like a
space or a tab) is encountered.

Now, three more pieces of data are read using a single state-
ment. First, display the prompt

cout << "Short, long, float: ";



62

Chapter 4

Then, read in the data, separating the three receiving variables by
consecutive >> operators:

cin >> nyShort >> nyLong >> nyFl oat;

Be sure to separate each of the three numbers by a
space (or some white space character). Also, make
sure the numbers match the type of the corresponding
variable. For example, it's probably not a good idea to
enter 3.52 or 125000 as a shor t, although an integer
like 47 works fine as af | oat .

Finally, display each of the variables we worked so hard to fill:

cout << "\nYour name is: " << nane,
cout << "\nnyShort: " << nyShort;
cout << "\nnyLong: " << nylLong;
cout << "\nnyFloat: " << nyFl oat;
return O;

jostream and Objects

So far, i 0st r eammight seem primitive compared to the routines
in C’s Standard Library. After all, routines like scanf () and
printf () give you precise control over your input and output.
Routines likeget char () and put char () allow you to process one
character at a time, letting you decide how to handle white space.

Be patient. I promise you that i ost r eamis awesome. The
trouble is, to unleash i ostreanis true power, you must first
come up to speed on object programming. The i ost r eamcon-
cepts presented here are the bare minimum you’ll need to get
through the sample programs in the next few chapters. Later in
the book, we’ll examine i 0st r eamwith an electron microscope.
For now, basic input and output are all we need.
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Default C++ allows you to assign default values (known as default argu-

Argument
Initializers

ment initializers) to a function’s arguments. For example, here’s
a routine designed to generate a tone at a specified frequency:

void GenerateATone( short frequency = 440 )
{

}

/1 A frequency of 440 is equal to an A note

If you call this function with a parameter, the value you pass in is
used. For example, the call

Gener at eATone( 330 );

will generate a tone with a frequency of 330 beats per second,
which, in musical notation, is equivalent to an E note. If you call
the function without specifying a value, the default value is used.
The call

Cener at eATone() ;

will generate a tone with a frequency of 440, which represents an
A note.

This technique works with multiple parameters as well, al-
though the rules get a bit more complicated. You can specify a
default value for a parameter only if you also specify a default for
all the parameters that follow it. For example, this declaration is
cool:

void Got SoneDefaul ts( short manny, short npe=2,
char jack='"x" );

Since the second parameter has a default, the third parameter
must have a default. The next declaration won’t compile, however,
because the first parameter specifies a default and the parameter
that follows does not:

void WII NotConpile( long tinme=100L, short stack );
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Default parameter values are specified in the function proto-
type rather than in the function’s implementation. For example,
here’s a function prototype, followed by the function itself:

void MFunc( short paranml = 27 );
void MFunc( short paramdl )

/1 Body of the function...
}

Many C++ programmers create a separate #i ncl ude
file for their function prototypes. Gathering all the func-
tion declarations, including parameters and default val-
ues, into a single list makes a handy reference tool. |
keep my prototypes in alphabetical order and follow
each one with a comment telling me where the actual
code for that routine is. Here's an example:

voi d MyFunc( short paranl = 27 );
/'l MySourceFile.cp

A Default Argument Initializer Example

Let’s take default argument initializers out for a quick spin. Close
ci n. p, go back to the THI NC++ Pr oj ect s folder, open the sub-
folder named Chap 04. 03 - pr ot oTest er, and open the project
file named protoTester.p. Next, run protoTester.p by
selecting Run from the Proj ect menu. Here’s what you'll see:

MyFunc( 1, 0, 0)
MyFunc( 1, 2, 0)
MyFunc( 1, 2, 3)

Hit a return to exit pr ot oTest er. Let’s take a look at the
source code.
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The protoTester Source Code

The key to pr ot oTest er lies in the function M/Func() and its
default-laden parameter list. After the obligatory #i ncl ude of
the file <i ost r eam h>, you'll find the prototype for MyFunc() :

#i ncl ude <i ostream h>
void MFunc( short paramil,

short paran? o,
short paranB 0);

Notice that defaults are provided for the second and third
parameters only. Both of these parameters have a default value of
0.

mai n() callsM/Func() using three different calling sequences.
Since no default is provided for MyFunc() ’s first parameter, all
calls to MyFunc () must include at least one value. Calls like

MyFunc() ;

or

MyFunc( , 1 );

will cause the compiler to complain bitterly.

The first call of MyFunc() passes a single value, forcing
MyFunc() to rely on its default values for the second and third
parameters. The call

MyFunc( 1 );
produces this line of output:
MyFunc( 1, 0, 0)

Notice that the default value of 0 is used for the second and third
parameters.
Next, the code

MyFunc( 1, 2 );
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Reference
Variables

produces this line of output:
MyFunc( 1, 2, 0)

In this case, values are passed in for the first and second param-
eters, while the default value of 0 is used for the third parameter.
Finally, the code

MyFunc( 1, 2, 3 );
produces this line of output:
MyFunc( 1, 2, 3)

In this last case, the three values passed in override all of the
parameter defaults.

The function MyFunc() uses i ost r eamto print the current
values of MyFunc() ’s three parameters:

void MFunc( short paramil,
short parang,
short paran8 )

{
cout << "MyFunc( " << parani
<< ", " << parant
<< ", " << paranB
<< " )\n";
}

Notice that the defaults are specified in the function prototype
and not in the function title.

In C, all parameters are passed by value as opposed to being
passed by reference. When you pass a parameter to a C function,
the value of the parameter is passed on to the function. Any
changes you make to this value are not carried back to the calling
function.
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Here’s an example:

void Doubl eMyVal ue( short val ueParam)

{
val ueParam *= 2;
}
int main()
{

short nunber = 10;
Doubl eMyVal ue( nunber );

return O;

}

mai n() sets nunmber to 10, then passes it to the function

Doubl eMyVal ue(). Since nunber is passed by value, the

call to Doubl eMyVal ue() has no effect on nunber. When

Doubl eMyVal ue() returns, nunber still has a value of 10.
Here’s an updated version of the program:

void Doubl eMyVal ue( short *nunberPtr )

{
*nunber Ptr *= 2;

}

int main()

{
short nunber = 10;

Doubl eMyVal ue( &nunber );

return O;

}

In this version, nunber ’s address is passed to Doubl eMyVal ue() .
By dereferencing this pointer, Doubl eMyVal ue() can reach out
and change the value of nunber . When Doubl eMyVal ue() re-
turns, nunber will have a value of 20.



68

Chapter 4

The Reference Variable

Reference variables allow you to pass a parameter by reference,
without using pointers. Here’s another version of the program,
this time implemented with a reference variable:

void Doubl eMyVal ue( short &referenceParam)

{

ref erenceParam *= 2;

}

int main()

{
short nunber = 10;

Doubl eMyVal ue( numnber );

return O;

}

Notice that this code looks just like the first version, with one
small exception. Doubl eMyVal ue() ’s parameter is defined using
the & operator:

short &referenceParam

The & marks r ef er encePar amas a reference variable and tells
the compiler thatr ef er encePar amand its corresponding input
parameter, nunber, are one and the same. Since both names refer
to the same location in memory, changing the value of
r ef er encePar amis exactly the same as changing nunber .

Some people declare their reference variables and para-
meters like this:

short &referenceParam
placing the & next to the variable, some like this:

short & referenceParam
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leaving white space in between the two, and others like

this:

short & referenceParam

placing the & directly after the type. All of these will work.
Use whichever one you prefer, just be consistent.

A Reference Variable Example

Here’s an example that should make things a little clearer. Close
prot oTest er. p, go back to the THI N C++ Proj ect s folder,
open the subfolder named Chap 04. 04 - r ef er ence, and open
the project file named r ef er ence. p. Next, run r ef erence. p
by selecting Run from the Project menu. Here’s what you'll see:

&nunber : 5306630
& ongNunber: 5306632

&val ueParam 5306602
After ByVal ue: 12

&r ef Par am 5306630

After ByRef( short ):

&r ef Par am 5306628
After ByRef( long ):

24

12

The seven-digit numbers shown in this example are
addresses. Unless you snuck in here and have been
using my Mac, your addresses will probably be different.

Hit a carriage return to exit r ef er ence. Let’s take a look at

the source code.
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The reference Source Code

r ef er ence starts with a pair of function prototypes. Just like the
routine Doubl eMyVal ue() presented earlier, both of these rou-
tines take a single parameter and double its value:

#i ncl ude <i ostream h>

void CallByVal ue( short val ueParam);
void Call ByReference( short & efParam);

Notice that Cal | ByVal ue() takes ashort asa parameter using
the standard by-value parameter passing mechanism; while
Cal | ByRef er ence() takes a reference variable as a parameter
passed by reference.

mai n() starts by defining two variables, ashort and al ong,
initializing each to a value of 12:

int main()

{
short nunber = 12;
long |ongNumber = 12L;

Next, the address of both variables is printed in the console.
When a parameter is successfully passed by reference, the calling
and receiving parameters will have the same address:

cout << "&nunber: "<
(unsi gned | ong) &unber << "\n";

cout << "& ongNumber: " <<
(unsi gned | ong) & ongNunber << "\ n\n";

You may have noticed that r ef er ence prints its ad-
dresses in decimal, rather than hexadecimal, format.
Later in the book, you'll learn how to customize cout to
print data in any format you like. For the moment, we’ll
print out addresses by casting them tounsi gned | ongs.
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Next, nunber is passed by value to Cal | ByVal ue() :
Cal | Byval ue( nunber );

Cal | ByVal ue() prints the address of, and then doubles the
value of, its parameter. nunber’s address, which we printed
earlier, was 5306630. The address of the value parameter is
5306602. Clearly, this parameter was not passed by reference,
which explains why nunber ’s value is not changed by the call to
Cal | ByVal ue() . As proof, the value of nunber is printed again.
As you can see by the output, the value stays at 12:

cout << "After ByValue: " << nunber << "\n\n";
Then, nunber is passed to Cal | ByRef erence():
Cal | ByRef erence( nunber );

Cal | ByRef er ence() also prints the address of its parameter.
When we compare this address with the address printed earlier,
they match exactly. nunber’s address (printed earlier) was
5306630. The address of Cal | ByRef er ence() ’s parameter is
also 5306630. This call by reference was successful! As proof,
when the value of nunber is printed for a third time, its value
doubles to 24:

cout << "After ByRef( short ): " << nunber << "\n\n";
Finally, al ong is passed to Cal | ByRef er ence():
Cal | ByRef erence( | ongNunber );

Since Cal | ByRef er ence() declares its parameter as a reference
to a short, the compiler is faced with an interesting problem.
Reference variables work only if the type of the variable being
referenced agrees with the type of the reference variable. When
this isn’t the case, the compiler creates a temporary variable that is
referenced by the reference parameter in the called routine. When
a change is made to this parameter, the change is made to the
temporary variable and not to the matching parameter in the
calling function.



72

Chapter 4

In this case, the value of the | ong is passed on to
Cal | ByRef erence() . As proof, compare the address of
| ongNunber, which is 5306632 with the parameter address
printed out by Cal | ByRef er ence( ), which is5306628. As you
can see, the addresses don’t match.

Some C++ compilers generate warnings when they
encounter this line of code:

Cal | ByRef erence( | ongNunber );

The problem here is that | ongNunber is a | ong, but
Cal | ByRef er ence() expects ashort reference vari-
able. Since the types don’t agree, the compiler prints a
warning and then creates a temporary variable.

To add more proof to the pudding, when the value of
I ongNunber is printed upon Cal | ByRef er ence( ) ’s return, it
remains at 12, unchanged from its original value:

cout << "After ByRef( long): " <<longNunmber << "\n";

return O;

}

Reference variables are frequently used as call-by-
reference parameters. However, they can also be used
to establish a link between two variables in the same
scope. Here’s an example:

short romul us;
short & emus = ronul us;

The first line of code defines a short with the name
r omul us. The second line of code declares a reference
variable with the name r enus, linking it to the variable
romul us. Just as before, the & marks renus as a
reference variable.
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Overloading

Now thatr errus andr onul us are linked, they share
the same location in memory. Changing the value of one
is exactly the same as changing the value of the other.

It's important to note that a reference variable must
be initialized with a variable as soon as it is declared.
The following code will not compile:

short r omul us;
short & emus; [/ WII not conpilel!!

remus = ronul us;

The reference variable must also be of the same type
as the variable it references. The following code won't work:

short r omul us;
long &renus = ronmulus; // Type mismatch!!!

In addition, once established, the link between a
reference and a regular variable cannot be changed as
long as the reference remains in scope. In other words,
once renus is linked to r onmul us, it cannot be set to
reference a different variable.

The next feature up for discussion, function name overloading,
allows you to write several functions that share the same name.

Suppose you needed a function that would print the value of
one of your variables, be it | ong, short, or a text string. You
could write one function that takes four parameters:

Di splay( short whichType,
| ong | ongPar am
short short Param
char *t ext Param);

The first parameter might act like a switch, determining which of
the three types you were passing in for printing. The main code of
the function might look like this:

if ( whichType == klsLong )

cout << "The long is: " << |longParam << "\n";
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else if ( whichType == klsShort )

cout << "The short is: " << shortParam << "\n";
else if ( whichType == klsText )

cout << "The text is: " << text << "\n";

Another solution is to write three separate functions, one for
printing shor t s, one for | ongs, and one for text strings:

void DisplayLong( |ong | ongParam);
void DisplayShort( short shortParam);
void DisplayText( char *text );

Each of these solutions has an advantage. The first solution
groups all printing under a single umbrella, making the code
somewhat easier to maintain. On the other hand, the second
solution is more modular than the first. If you want to change the
method you use to display | ongs, you modify only the routine
that works with | ongs; you don’t have to deal with the logic that
displays other types.

As you might expect, there is a third solution that combines
the benefits of the first two. Here’s how it works.

As mentioned earlier, C++ allows several functions to share
the same name by way of function name overloading. When an
overloaded function is called, the compiler compares the param-
eters in the call with the parameter lists in each of the candidate
functions. The candidate with the most closely matching param-
eter list is the one that gets called.

A function’s parameter list is also known as its signature.
A function’s name and signature combine to distinguish
it from all other functions. Note that a function’s return
type is not part of its signature.

A Function Name Overloading Example

Earlier, we looked at two solutions to our multitype printing
problem. As promised, here’s a third solution that takes advantage
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of function name overloading. Close r ef er ence. p, navigate up
a level, then down into the subfolder named Chap 04. 05 -
over | oad and open the project file named over | oad. p. Next,
run over | oad. p by selecting Run from the Project menu.
Here’s what you'll see:

The short is: 3
The long is: 12345678
The text is: Make it so...

Hit a carriage return to exit over | oad. Let’s look at the code.

The overload Source Code

over | oad starts with three function prototypes, each of which
shares the name Di spl ay():

#i ncl ude <stream h>

void Display( short shortParam);
void Display( |long | ongParam);
void Display( char *text );

Notice that each version of Di spl ay() has a unique signa-
ture. This is important. You are not allowed to define two func-
tions with the same name and the same signature.

mai n() starts by defining three variables: a short, a | ong
and a text string.

int main()
{
short nyShort = 3;
long nyLong = 12345678L;
char *text = "Make it so...";

Next, Di spl ay() is called three times. First, a short is
passed as a parameter. Since this call exactly matches one of the
Di spl ay() routines, the compiler doesn’t have a problem decid-
ing which function to call:

Di spl ay( nyShort );
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Similarly, the calls passing al ong and a text string toDi spl ay()
match perfectly with the Di spl ay() functions having | ong and
text string signatures:

Di splay( myLong );
Di splay( text );

return O;

}

The signatures of these three versions of Di spl ay() feature a
short, al ong, and a text string, respectively:

void Display( short shortParam)

{
cout << "The short is: " << shortParam << "\n";
}
void Display( |ong | ongParam)
{
cout << "The long is: " << |ongParam << "\n";
}
void Display( char *text )
{
cout << "The text is: " << text << "\n";
}

Matching Rules for Overloaded Functions

The preceding example was fairly straightforward. The compiler
had no difficulty deciding which version of Di spl ay() to call
because each of the calls matched perfectly with one of the
Di spl ay() functions. What do you think would happen if you
passed afl oat to Di spl ay()?

Display( 1.0 );

When the compiler can’t find an exact match for an over-
loaded function call, it turns to a set of rules that determine the
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best match for this call. After applying each of the rules, unless
one and only one match is found, the compiler reports an error.

As you've already seen, the compiler starts the matching
process by looking for an exact match between the name and
signature of the function call and a declared function. If a match is
not found, the compiler starts promoting the type of any integral
parameters in the function call, following the rules for automatic
type conversion described in Chapter 3. For example, a char or a
short would be promoted to an i nt and a fl oat would be
promoted to a doubl e.

If a match is still not found, the compiler starts promoting
non-integral types. Finally, the ellipsis operator in a called func-
tion is taken into account, matching against zero or more param-
eters.

In answer to our earlier question, passing a fl oat to
Di spl ay() would result in an error, listing the function call as
ambiguous. If we had written a version of Di spl ay() with a
f | oat oradoubl e in its signature, the compiler would find the
match.

In C, memory allocation typically involves a call to mal | oc()
paired with a call to free() when the memory is no longer
needed. In C++, the same functionality is provided by the opera-
tors newand del et e.

Call newwhen you want to allocate a block of memory. For
example, the following code allocates a block of 1024 char s:

char *buffer;
buf fer = new char[ 1024 ];

newtakes a type as an operand, allocates a block of memory the
same size as the type, and returns a pointer to the block. To return
the memory to the heap, use the del et e operator. The next code
frees up the memory just allocated:

delete [] buffer;
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The brackets in the preceding line of code indicate that
the item to be deleted is a pointer to an array. If you are
deleting something other than a pointer to an array,
leave the brackets out:

int nylntPtr;
nylntPtr = new int;

delete nylntPtr;

new can be used with any legal C++ type, including those you
create yourself. Here are a few examples:

struct Wbbl e

{

short papaWwbbl e;

short manmaWbbl e;

| ong littl eBabyWbbl e;
b
short *shortPtr;
| ong double  *I ongDoubl ePtr;
Wobbl e *wobbl ePtr;

shortPtr = new short;
| ongDoubl ePtr = new | ong doubl e;
wobbl ePtr = new Wobbl e;

Here’s an example of a bad use ofnew, guaranteed to bring the
compiler to its knees:

short *shortPtr;
shortPtr = new 1024; // WIIl not conpile!!!

Though you can pass a constant to mal | oc(), a constant is not a
type and has no place innew.
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What to Do When new Fails

Every program that allocates memory runs the risk that its re-
quest for memory will fall on deaf ears, most likely because
there’s no more memory left to allocate. If your program uses new
to allocate memory, it had better detect, and handle, any failure on
news part.

Since new returns a value of 0 when it fails, the simplest
approach just checks this return value, taking the appropriate
action when new fails:

char *bufPtr;
buf Ptr = new char[ 1024 ];

if ( bufPtr == 0 )

cout << "Not enough nenmory!!!";
el se

DoSonet hi ng( buf Ptr );

This code uses newto allocate a 1024-byte buffer. If newfails, an
error message is printed; otherwise, the program goes on its
merry way.

This approach requires that you check the return value every
time you call new. If your program performs a lot of memory
allocation, this memory-checking code can really add up. As your
programs get larger and more sophisticated, you might want to
consider a second strategy.

C++ allows you to specify a single routine, known as a new
handler, that gets called if and when newfails. Design your new
handler for the general case so that it can respond to any failed
attempt to allocate memory.

Whether or not you designate a new handler, new will
still return 0 if it fails. This means you can design a two-
tiered memory management strategy combining a new
handler and code that runs if newreturns 0.
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To specify a new handler, pass the handler’s name to the
function set _new_handl er (). To use set _new_handl er (),
be sure to include the file <new. h>:

#i ncl ude <new. h>
void Newrailed( void );
int rmain()

{
set _new _handl er( Newrailed );

One possible memory allocation strategy is to allocate a
block of memory at the beginning of your program,
storing a pointer to the block in a global variable. Then,
when new fails, your program can free up the spare
memory block, ensuring that it will have enough memory
to perform any housekeeping chores that it requires in a
memory emergency.

A new Example

Our next sample program repeatedly callsnewuntil the program
runs out of memory, keeps track of the number of memory re-
quests, and then reports on the amount of memory allocated
before failure. This program uses the spare memory scheme just
described.

Close over | oad. p, navigate up a level, then down into the
subfolder named Chap 04. 06 - newTest er, and open the project
file named newTest er . p. Next, run newTest er . p by selecting
Run from the Project menu. Here’s what you'll see:

Installing NewHandl er. ..
Nunber of bl ocks all ocated: 25
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The number of blocks you can allocate before you run
out of memory depends on the amount of memory you
make available to your program. Don't be too surprised
if your number differs from the number of blocks shown
in this example.

Hit a carriage return to exit newTest er . Let’s take a look at
the source code.

The newTester Source Code

newTest er starts by including both <i ost r eam h> for access
to the i ostream library and <new. h> for access to the
set _new_handl er () function:

#i ncl ude <i ostream h>
#i ncl ude <new. h>

NewFai | ed() is the function we want called if newfails in its
attempt to allocate memory:

void Newrail ed();

newTest er makes use of two global variables. gDone acts as
a flag, initially set tof al se, but set tot r ue when we’re ready to
exit our memory allocation loop; gSpar eBl ockPt r is a pointer
to the spare block of memory we allocate at the beginning of the
program:

char gDone = fal se;
char *gSpareBl ockPtr = 0;

You should be aware thatt r ue and f al se are not part
of the C++ language. Though Thin C++ defines the
constants t r ue and f al se for you, most development
environments do not predefine them.
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mai n() uses two local variables. myPt r acts as a pointer to
the blocks of memory we allocate; nunBl ocks tracks the number
of blocks we allocate before new finally fails:

int main()
{
char *nyPtr;
Il ong nunBl ocks = 0O;

Next, we'll send an appropriate message to the console. This
message serves a subtle purpose. It causes iostream to allocate all
the memory it needs for the console window before the program
consumes all remaining free memory. This guarantees that our
subsequent console output will appear.

cout << "lInstalling NewHandl er...\n";

set _new_handl er () is called to set NewFai | ed() as the
routine to be called if and when newfails:

set _new _handl er( NewFailed );

Then, the spare block of memory (20 kilobytes) is allocated,
and a pointer to the spare block is stored in gSpar eBl ockPtr:

gSpar eBl ockPtr = new char[20480];

Your C++ environment most likely has a fixed limit on
the size of a single block of memory. Many environ-
ments limit a single block to 32 kilobytes. If you need
more memory than your environment allows, design a
workaround using multiple blocks.

Next, we enter an endless loop, allocating a 1-kilobyte block
and incrementing nunBl ocks:

while ( gbhone == fal se )
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{
nyPtr = new char[1024];

nunBl ocks++;

}

Notice that we don’t squirrel away the pointers to these
allocated blocks. Once we allocate a new block, we lose
the pointer to the previously allocated block. That block
can never be del et ed and is lost forever. Not a particu-
larly good memory management scheme, eh? Make
sure you balance every use of newwith a corresponding
del et e.

Once we've allocated all the available memory, new will fail
and NewFai | ed() will be called. NewFai | ed() sets gDone to
t r ue, and the memory allocation loop exits. Once the loop exits,
we print out the number of blocks we were able to allocate:

cout << "Nunber of blocks allocated: " <<
nunBl ocks;

return O;

}

NewFai | ed() starts by checking to see whether
gSpar eBl ockPt r actually points to a block of memory. After
all, newmight fail when we first try to allocate the spare block. If
we were able to allocate the spare block, NewFai | ed() uses
del et e to return the block to the heap and gSpar eBl ockPtr is
reset to 0:

if ( gSpareBlockPtr !'=0)

{
del et e gSpareBl ockPtr;

gSpar eBl ockPtr = 0O;
}
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Resolution
Operator

Finally,gDone is set to t r ue:

gDone = true;

}

The next feature we’ll examine is C++'s scope resolution operator
(: 1 ). The scope resolution operator precedes a variable, telling
the compiler to look outside the current block for a variable of the
same name.

Suppose you declare a global variable and a local variable
with the same name:

short nunber ;

int main()

{

short nunber ;

nunber = 5; /1 local reference
::nunber = 10; // gl obal reference

return O;

}

Inside mai n(), the first assignment statement refers to the local
definition of nunber . The second assignment statement uses the
scope operator to refer to the global definition of nunber . This
code leaves the local nunber with a value of 5 and the global
nunber with a value of 10.

Many programmers start all their global variables with a
lowercase g to differentiate them from local variables. If
you use this convention, you'll never be in the situation
where a local variable is obscuring a global variable.
This doesn’t mean you should ignore the scope
resolution operator, however! Later in the book, as we
get into object programming, you'll find that the scope
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resolution operator is invaluable. For now, follow through
the sample program, then file the scope resolution
operator away for future reference.

A Scope Resolution Operator Example

Our next sample program offers a quick demonstration of the scope
resolution operator. Close newTest er. p, navigate up a level,
then down into the subfolder named Chap 04. 07 - scopeTest er,
and open the project file named scopeTester. p. Next, run
scopeTest er. p by selecting Run from the Project menu.
Here’s what you'll see:

your Val ue: 5
your Val ue: 10
your Val ue: 5

Hit a carriage return to exit scopeTest er . Let’s look at the
source code.

The scopeTester Source Code

scopeTest er defines a global variable with the name nyVal ue,
initializing it to a value of 5:

#i ncl ude <i ostream h>
short nyVal ue = 5;

mai n() defines a local variable named your Val ue and assigns
it the value in nyVal ue:

int main()

{

short yourVal ue = nyVal ue;

Then, your Val ue is printed out, showing it with a value of 5,
the same as the global nyVal ue:

cout << "your Val ue: << your Val ue << "\n";
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Next, a local with the name nmyVal ue is defined and initial-
ized with a value of 10. WhenmyVal ue is copied toyour Val ue,
which variable is copied, the local or the global?

short nyVal ue = 10;
your Val ue = nyVal ue;

As you can see from the output, the reference to myVal ue matches
with the local declaration, showing your Val ue with a value of 10:

cout << "your Val ue: << yourVal ue << "\n";

Then, the scope resolution operator is used to copy nyVal ue
to your Val ue. When your Val ue is printed again, it has a value
of 5, showing that : : myVal ue refers to the global declaration of
myVal ue:

your Val ue = ::nyVal ue;

cout << "yourValue: " << yourValue << "\n";

return O;

}

The scope resolution operator can be applied only when
a match is available. Applying the scope resolution op-
erator to a local variable without a corresponding global
will generate a compile error. To see this for yourself,
add the following code to the end of mai n() and try to
compile it:

::your Val ue = 20;

Since there is no global named your Val ue, the code
will not compile.
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Functions

OK. One final topic, then we’ll move on to object programming.
Traditionally, when a function is called, the CPU executes a set of
instructions that move control from the calling function to the
called function. Tiny as these instructions may be, they still take
time. C++, however, provides inline functions, which allow you
to bypass these instructions and save a bit of execution time.
Here’s how this feature works.

When you declare a function using the i nl i ne keyword, the
compiler copies the body of the function into the calling function,
making the copied instructions a part of the calling function as if it
were written that way originally. The benefit to you is a slight
improvement in performance. The cost is in memory usage. Why?
If you call an inline function twenty times from within your
program, twenty copies of the function will be grafted into your
object code.

An inline Function Example

Our final sample program features a single inline function that
returns the value achieved when its first argument is raised to its
second argument’s power. As an example, the following call will
return the value 25 = 2#2%2+2*2 = 32:

power( 2, 5 );

Close scopeTest er . p, navigate up a level, then down into the
subfolder named Chap 04. 08 - i nli ne, and open the project
file named i nli ne. p. Next, run i nl i ne. p by selecting Run
from the Project menu. Here’s what you'll see:

power( 2, 3 ): 8
power( 3, 6 ): 729
power( 5, 0): 1
power( -3, 4 ): 81

Hit a carriage return to exiti nl i ne. Let’s take a look at the source
code.
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The inline Source Code

i nl i ne starts with the standard include file, followed by a func-
tion prototype that features the keyword i nl i ne:

#i ncl ude <i ostream h>
inline |ong power( short base, short exponent );

mai n() calls power () four times and prints the result of
each call:

int main()
{
cout << "power( 2, 3 ): " <<
power( 2, 3 ) << "\n";
cout << "power( 3, 6 ): " <<
power( 3, 6 ) << "\n";
cout << "power( 5, 0 ): " <<
power( 5, 0 ) << "\n";
cout << "power( -3, 4 ): " <<
power( -3, 4 ) << "\n";
return O;
}

By preceding power () ’s declaration by thei nl i ne keyword,
we’ve asked the compiler to replace each of the four function calls
in mai n() with the code in power () . Note that this replacement
effects the object code and has no impact on the source code:

inline |ong power( short base, short exponent )
{

|l ong product = 1;

short i;

if ( exponent < 0)
return( 0 );
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for ( i=1; i<=exponent; i++ )
product *= base;

return( product );

}

There are two clear benefits that arise from usingi nl i ne
code instead of a #defi ne macro: type-safety and
side-effects protection.

Consider this #def i ne macro:

#define square(a) ( (a) * (a) )
Compare that macro to this i nl i ne function:

inline int square( int a)

{
}

return( a * a);

The i nl i ne version restricts its parameter to an
integral value while the #defi ne performs a simple-
minded text substitution.

Now suppose you call square() with a prefix
operator:

xSquared = square( ++x );
The #def i ne version expands this as follows:
xSquared = ( (++x) * (++x) );

which has the unwanted side-effect of incrementing x
twice. The i nl i ne version doesn’t do this.

The upshot here is that both #def i nes andi nl i nes
offer an in-line performance advantage, but the i nl i ne
does its job a little more carefully.
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Summary Congratulations! You've reached the first summit in your quest
for C++ mastery. You've moved well beyond the boundaries of C
and covered most of the syntax you'll need to build your own
C++ programs. Your next goal is to move on to Chapter 5 and
explore the world of object programming.
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Object
Programming
Basics

This chapter introduces you
to the basics of object pro-
gramming, the heart and
soul of C++. You'll learn all
about C++ structures, see
what sets them apart from
their C brethren, and learn
how to use C++ to create
objects of your very own.
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Summary

BEFORE WE GET INTO THE MAIN THRUST OF THIS CHAPTER,
let’s take a moment and talk about objects.

There is nothing mysterious about the concept of an object. In
C++, an object is any instance of a data type. For example, this
line of code:

int nylnt;

declares an i nt object. This chapter will teach you how to use
C++ to create, destroy, and manipulate objects in very powerful
ways.

The first object we'll take a look at is the structure.

93



94 Chapter 5

The
Organizational
Power of the
Struct

One of the most valuable features shared by C and C++ is the
structure. Without the structure, you’d have no way to group
data that belonged together. For example, suppose you wanted to
implement an employee data base that tracked an employee’s
name, employee ID, and salary. You might design a structure that
looks like this:

const short kMaxNanmeSi ze = 20;

struct Enpl oyee

{
char nane[ kMaxNaneSi ze ];
| ong id;
fl oat sal ary;

s

The great advantage of this structure is that it lets you bundle
several pieces of information together under a single name. This
concept is known as encapsulation.

For example, if you wrote a routine to print an employee’s
data, you could write:

Enpl oyee newHire;

Print Enpl oyee( newHire. name, newHire.id,
newHi re. salary );

Did you notice anything unusual about the declaration
of newHi r e in the preceding code sample? In C, this
code would not have compiled. Instead, the declaration
would have looked like this:

struct EnployeenewH re; /* The C version */

When the C++ compiler sees a structure declaration, it
uses the structure name to create a new data type,
making it available for future structure declarations.




Object Programming Basics 95

Encapsulating
Data and
Functions

On the other hand, it would be so much more convenient to
pass the data in its encapsulated form:

Print Enpl oyee( &newHire );

Encapsulation allows you to represent complex information
in a more natural, easily accessible form. In the C language, the
struct is the most sophisticated encapsulation mechanism avail-
able. As you'll soon see, C++ takes encapsulation to a new level.

While C structures are limited strictly to data, C++ supports
structures composed of both data and functions.
Here’s an example of a C++ structure declaration:

const short kMaxNameSi ze = 20;

struct Enpl oyee

{
/1 Dat a nmenbers. ..
char enpl oyeeName[ kMaxNaneSi ze ];
| ong enpl oyeel D,
fl oat enpl oyeeSal ary;
/1 Menmber functions...
voi d Pri nt Enpl oyee();
b

This example declares a new type named Enpl oyee. You can
use the Enpl oyee type to declare individual Enpl oyee objects.
Each Enpl oyee object is said to be a member of the Enpl oyee
class.

The Enpl oyee class consists of three data fields as well as a
function named Pr i nt Enpl oyee() . In C++, a class’s data fields
are known as data members and its functions are known as
member functions.

Each Enpl oyee object you create gets its own copy of the
Enpl oyee class data members. All Enpl oyee objects share a
single set of Enpl oy ee member functions.
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Creating
an Object

defa nish' gh

Later in the chapter, you'll see how to access an object’s data
members and member functions. For now, let’s take a look at the
mechanisms C++ provides to create and destroy objects.

There are two ways to create a new object. The simplest method is
to define the object directly, just as you would a local variable:

Enpl oyee enpl oyeel,;

This definition creates an Enpl oyee object whose name is
enpl oyeel. enpl oyeel consists of a block of memory large
enough to accommodate each of the three Enpl oyee data members.

When you create an object by defining it directly, as we did
above, memory for the object is allocated when the definition
moves into scope. That same memory is freed up when the object
drops out of scope.

For example, you might define an object at the beginning of a
function:

void CreateEnpl oyee()

{
Enpl oyee enpl oyeel,;

When the function is called, memory for the object is allo-
cated, right along with the function’s other local objects. When
the function exits, the object’s memory is deallocated.

When the memory for an object is deallocated, the
object is said to be destroyed.
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Accessing
an Object’s
Members

If you want a little more control over when your object is
destroyed, take advantage of C++’s newoperator (introduced in
Chapter 4).

First, define an object pointer, then call newto allocate the
memory for your object. new returns a pointer to the newly
created object. Here’s some code that creates an Enpl oyee object:

Enpl oyee *enpl oyeePtr;
enpl oyeePtr = new Enpl oyee;

The first line of code defines a pointer designed to point to an
Enpl oyee object. The second line uses newto create an Enpl oyee
object. newreturns a pointer to the newly created Enpl oyee.

Once you’ve created an object, you can modify its data members
and call its member functions. If you've defined the object di-
rectly, you'll refer to its data members using the . operator:

Enpl oyee enpl oyeel,;
enpl oyeel. enpl oyeeSal ary = 200. 0;

If you're referencing the object through a pointer, use the - >
operator:

Empl oyee *enpl oyeePtr;
enpl oyeePtr = new Enpl oyee;
enpl oyeePtr - >enpl oyeeSal ary = 200. 0;

To call a member function, use the same technique. If the
object was defined directly, you'll use the . operator:

Enpl oyee enpl oyeel,;

enpl oyeel. Pri nt Enpl oyee();
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If you're referencing the object through a pointer, you'll use
the - > operator:

Enpl oyee *enpl oyeePtr;
enpl oyeePtr = new Enpl oyee;

enpl oyeePtr->Pri nt Enpl oyee() ;

The Current Object

In the previous examples, each reference to a data member or
member function started with an object or object pointer. Inside a
member function, however, the object or object pointer isn’t nec-
essary to refer to the object for which the member function is
executing.

For example, inside the Pri nt Enpl oyee() function, you
can refer to the data member enpl oyeeSal ary directly, without
referring to an object or object pointer:

if ( enployeeSalary <= 200 )
cout << "G ve this person a raisel!!";

This code is kind of puzzling. What object doesenpl oyeeSal ary
belong to? After all, you're used to saying:

mybj ect - >enpl oyeeSal ary
instead of just plain:
enpl oyeeSal ary
The key to this puzzle lies in knowing which object spawned
the call of Pri nt Enpl oyee() in the first place. Although this

may not be obvious, a call to a nonstatic member function must
originate with a single object.
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As you'll see later in the book, class members may be
declared as st ati c. A static data member holds a
value that is global to a class and not specific to a single
object of that class. A static member function is usually
designed to work with a class’s static data members.

Suppose you called Pri nt Enpl oyee() from anon-Enpl oyee
function (such as mai n() ). You must precede this call with a
reference to an object:

enpl oyeePtr->Pri nt Enpl oyee() ;

Whenever a member function is called, C++ keeps track of
the object used to call the function. This object is known as the
current object.

In the call of Pr i nt Enpl oyee() above, the object pointed to
by enpl oyeePt r is the current object. Whenever this call of
Pri nt Enpl oyee() refers to an Enpl oyee data member or func-
tion without using an object reference, the current object (in this
case, the object pointed to by enpl oyeePt r) is assumed.

Suppose Pri nt Enpl oyee() then called another Enpl oyee
function. The object pointed to by enpl oyeePt r is still consid-
ered the current object. A reference to enpl oyeeSal ary would
still refer to the current object’s copy of enpl oyeeSal ary.

The point to remember is, a nonstatic member function always
starts up with a single object in mind.

The *“This” Object Pointer

C++ provides a generic object pointer, available inside any mem-
ber function, that points to the current object. The generic pointer
has the name “t hi s”. For example, inside every Enpl oyee func-
tion, the line:

t hi s- >enpl oyeeSal ary = 400;
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Deleting
an Object

is equivalent to this line:
enpl oyeeSal ary = 400;

t hi s is useful when a member function wants to return a
pointer to the current object, pass the address of the current object
on to another function, or just store the address somewhere. This
line of code:

return this;

returns the address of the current object.

When you create an object using new, you’ve got to take responsi-
bility for destroying the object at the appropriate time. Just as a C
programmer balances a call tormal | oc() withacalltofree(),a
C++ programmer balances each use of the newoperator with an
eventual use of the del et e operator. Here’s the syntax:

Enpl oyee *enpl oyeePtr;
enpl oyeePtr = new Enpl oyee;
del ete enpl oyeePtr;

As you’d expect, del et e destroys the specified object, free-
ing up any memory allocated for the object. Note that this freed
up memory only includes memory for the actual object and does
not include any extra memory you may have allocated.

For example, suppose the object is a structure and one of its
data members is a pointer to another structure. When you del et e
the first structure, the second structure is not del et ed.

If del et e is used with a pointer having a value of O,
del et e does nothing. If the pointer has any other
value del et e will try to destroy the specified object.
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Writing
Member
Functions

Once your structure is declared, you're ready to write your member
functions. Member functions behave in much the same way as
ordinary functions, with a few small differences. One difference,
pointed out earlier, is that a member function has access to the
data members and member functions of the object used to call it.

Another difference lies in the function implementation’s title
line. Here’s a sample:

voi d Enpl oyee: : Print Enpl oyee()
{

}

cout << "Enpl oyee Nane: << enpl oyeeNane << "\n";

Notice that the function name is preceded by the class name
and two colons. This notation is mandatory and tells the compiler
that this function is a member of the specified class.

The Constructor Function

Typically, when you create an object, you'll want to perform some
sort of initialization on the object. For instance, you might want to
provide initial values for your object’s data members. The
constructor function is C++’s built-in initialization mechanism.

The constructor function (or just plain constructor) is a mem-
ber function that has the same name as the object’s class. For
example, the constructor for the Enpl oyee class is named
Enpl oyee() . When an object is created, the constructor for that
class gets called.

Consider this code:

Enpl oyee *enpl oyeePtr;
enpl oyeePtr = new Enpl oyee;

In the second line, the newoperator allocates a new Enpl oyee
object, then immediately calls the object’s constructor. Once the
constructor returns, the address of the new object is assigned to
enpl oyeePtr.
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This same scenario holds true in this declaration:
Enpl oyee enpl oyeel,;

As soon as the object is created, its constructor is called.
Here’s our Enpl oyee st r uct declaration with the construc-
tor declaration added in:

const short kMaxNaneSi ze = 20;

struct Enpl oyee

{
/1 Dat a nenbers. ..
char enpl oyeeNane[ kMaxNaneSi ze ];
| ong enpl oyeel D,
fl oat enpl oyeeSal ary;
/1 Menber functions...
Enpl oyee();
voi d Pri nt Enpl oyee();
s

Notice that the constructor is declared without a return value.
Constructors never return a value.
Here’s a sample constructor:

Enpl oyee: : Enpl oyee()
{

}

enpl oyeeSal ary = 200. 0;

As mentioned earlier, the constructor is declared without a return
value. This is proper form.

Constructors are optional. If you don’t have any initial-
ization to perform, don’t define one.
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Adding Parameters to Your Constructor

If you like, you can add parameters to your constructor. Con-
structor parameters are typically used to provide initial values
for the object’s data members. Here’s a new version of the
Enmpl oyee() constructor:

Enpl oyee: : Enpl oyee( char *name, long id,
float salary )
{

strncpy( enpl oyeeNane, nane, kMaxNaneSize );
enpl oyeeNane[ kMaxNameSize - 1] = '\0";
enpl oyeel D = id;

enpl oyeeSal ary = sal ary;

}

The constructor copies the three parameter values into the
corresponding data members.

Notice that st rncpy() was used, ensuring that the
copy will work, even if the source string was not prop-
erly terminated. A null terminator is provided at the end
of the string for just such an emergency.

The object that was just created is always the constructor’s
current object. In other words, when the constructor refers to an
Empl oyee data member, such as empl oyeeName or
enpl oyeeSal ary, it is referring to the copy of that data member
in the newly created object.

This line of code supplies the new operator with a set of
parameters to pass on to the constructor:

enpl oyeePtr = new Enpl oyee( "Dave Mark", 1000, 200.0);
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This line of code does the same thing without using new:
Enpl oyee enpl oyeel( "Dave Mark", 1000, 200.0 );

As you’d expect, this code creates an object named enpl oyeel
by calling the Enpl oyee constructor, passing it the three speci-
fied parameters.

Just for completeness, here’s the class declaration again, show-
ing the new constructor:

struct Enpl oyee

{
/1 Dat a nmenbers. ..
char enpl oyeeName[ kMaxNaneSi ze ];
| ong enpl oyeel D,
fl oat enpl oyeeSal ary;
/1 Menmber functions...
Enpl oyee( char *name, long id,
float salary );
voi d Pri nt Enpl oyee();
1

The Destructor Function

The destructor function is called for you, just as the constructor is.
Unlike the constructor, however, the destructor is called when an
object in its class is del et ed or goes out of scope. Use the
destructor to clean up after your object before it goes away. For
instance, you might use the destructor to deallocate any addi-
tional memory your object may have allocated.

The destructor function is named by a tilde character (~)
followed by the class name. The destructor for the Enpl oyee
class is named ~Enpl oyee() . The destructor hasno return value
and no parameters.

Here’s a sample destructor:

Empl oyee: : ~Enpl oyee()
{

cout << "Del eting enpl oyee #" << enpl oyeel D << "\ n";

}
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Technically, the name of the Enpl oyee constructor is
Enpl oyee: : Enpl oyee() and the name of its destruc-
tor is Enpl oyee: : ~Enpl oyee() . Just thought you'd
like to know.

If you created your object using new, the destructor is called
when you use del et e:

Enpl oyee *enpl oyeePtr;
enpl oyeePtr = new Enpl oyee;
del ete enpl oyeePtr;

If your object was defined directly, the destructor is called just
before the object is destroyed. For example, if the object was
declared at the beginning of a function, the destructor is called
when the function exits.

If your object was declared as a global or static vari-
able, its constructor will be called at the beginning of
the program and its destructor will be called just before
the program exits. Yes, global objects have scope, just
as local objects do.

Here’s an updated Enpl oyee class declaration showing the
constructor and destructor:

cl ass Enpl oyee

{

/1 Dat a menbers. ..
char enpl oyeeNane[ kMaxNaneSi ze ];
| ong enpl oyeel D,

fl oat enpl oyeeSal ary;
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Il Menmber functions. ..
Enpl oyee( char *name, long id,
float salary );
~Enpl oyee();
voi d Pri nt Enpl oyee();
b
AcCesS When you declare a class, you need to decide which data mem-
Priveleges bers and functions you’d like to make available to the rest of your

program. C++ gives you the power to hide a class’s functions and
data from all the other functions in your program, or allow access
to a select few.

For example, consider the Enpl oyee class we’ve been work-
ing with throughout the chapter. In the current model, an
Enpl oyee’s name is stored in a single array of char s. Suppose
you wrote some code that created a new Enpl oyee, specifying
thenane, i d, and sal ary, then later in your program you decided
to modify the Enpl oyee’s nane, perhaps adding a middle name
provided while your program was running.

With the current design, you could access and modify the
Enpl oyee’s enpl oyeeNane data member from anywhere in
your program. As time passes and your program becomes more
complex, you might find yourself accessing enpl oyeeNane from
several places in your code.

Now imagine what happens when you decide to change the
implementation of enpl oyeeNane. For example, you might de-
cide to break the single enpl oyeeNane into three separate data
members, one each for the first, middle, and last names. Imagine
the hassle of having to pore through your code finding and
modifying every single reference to enpl oyeeNane, making
sure you adhere to the brand new model.

C++ allows you to hide the implementation details of a class
(the specific type of each data member, for example), funneling
all access to the implementation through a specific set of interface
routines. By hiding the implementation details, the rest of your
program is forced to go through the interface routines your class
provides. That way, when you change the implementation, all you
have to do is make whatever changes are necessary to the class’s
interface, without having to modify the rest of your program.
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The mechanism C++ provides to control access to your class’s
implementation is called the access specifier.

Access Specifiers

C++ allows you to assign an access specifier to any of a class’s
data members and member functions. The access specifier defines
which of your program’s functions have access to the specified
data member or function. The access specifier must be publ i c,
privat e, or pr ot ect ed.

If a data member or function is marked as pr i vat e, access to
it is limited to member functions of the same class (or, as you'll
see later in the chapter, to classes or member functions marked as
afriend of the class).

On the flip side, the publ i ¢ specifier gives complete access
to the member function or data member, limited only by scope.

The third C++ access code is protected. The
pr ot ect ed access code offers the same protection as
pri vat e, with one exception. A pr ot ect ed data mem-
ber or function can also be accessed by a class derived
from the current class. Since we won't get to derived
classes till later in the book, we’ll put off discussion of
the pr ot ect ed access code till then.

By default, the data members and member functions of a class
declared using the st ruct keyword are all publ i c. By adding
the privat e keyword to our class declaration, we can limit
access to the Enpl oyee data members, forcing the outside world
to go through the provided member functions:

struct Enpl oyee
{
/1 Dat a nenbers. ..
private:
char enpl oyeeNane[ kMaxNaneSi ze ];
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| ong enpl oyeel D,
fl oat enpl oyeeSal ary;
/1 Menmber functions...
publi c:

Enpl oyee( char *name, long id,
float salary );
~Enpl oyee();
voi d Pri nt Enpl oyee();
1

Once the compiler encounters an access specifier, all data
members and functions that follow are marked with that code, at
least until another code is encountered. In this example, the three
data members are marked as pri vat e and the three member
functions are marked as publ i c.

Note the : after the access specifier. Without it, your
code won’t compile!

The class Keyword

So far, all of our classes have been created using the st ruct
keyword. You can also create classes, using the exact same syn-
tax, substituting the keyword cl ass for st ruct. The only dif-
ference is, the members of a st ruct are all publ i ¢ by default
and the members of a cl ass are all pri vat e by default.

Why use cl ass instead of st r uct ? If you start with ast ruct,
you give the world complete access to your class members unless
you intentionally limit access using the appropriate access speci-
fiers. If you start with a cl ass, access to your class members is
limited right from the start. You have to intentionally allow access
by using the appropriate access specifiers.

For the remainder of this book, we’ll use the cl ass keyword
to declare our classes. Here’s the new version of the Enpl oyee
class:
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Bringing It
All Together

cl ass Enpl oyee

{
/1 Dat a nmenbers. ..
private:
char enpl oyeeName[ kMaxNaneSi ze ];
| ong enpl oyeel D,
fl oat enpl oyeeSal ary;
/1 Menmber functions...
publi c:
Enpl oyee( char *name, long id,
float salary );
~Enpl oyee();
voi d Pri nt Enpl oyee();
1

Notice that the pri vat e access specifier is still in place. Since
the members of acl ass-based class are pri vat e by default, the
pri vat e access specifier is not needed here, but it does make the
code a little easier to read. The publ i ¢ access specifier is neces-
sary, however, to give the rest of the program access to the
Enpl oyee member functions.

With all that we’ve covered so far, we're about ready for our next
sample program. Enpl oyee. cpp brings these concepts together.

An Object Programming Example

If THIN C++ is already running, close the current project by
selecting Close Proj ect from the Project menu. If THIN C++
isn’t running, launch it by double-clicking on the THI NPr oj ect

Manager inside the Devel opnent folder, inside the THI N C++
folder. Either way, when prompted for a project file to open, go
into the THI N C++ Pr oj ect s folder, open the subfolder named
Chap 05.01 - enpl oyee, and open the project file named
enpl oyee. p. Next, run enpl oyee. p by selecting Run from the
Project menu. Here’s what you'll see:
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Creating enpl oyee #1
Creating enpl oyee #2

Nane: Dave Mar k

| D 1

Sal ary: 200

Nane: St eve Baker
| D 2

Sal ary: 300

Destroyi ng enpl oyee #2
Destroyi ng enpl oyee #1

Hit a return to exit enpl oyee. Let’s take a look at the source
code.

The employee Source Code

As you look through enpl oyee. cp, you should see some famil-
iar sights. This program takes the Enpl oyee class described
throughout this chapter through its paces.

In addition to the standard include file <i ost r eam h>, you'll
notice the additional include file <st r i ng. h>, which is needed
for the call to st r ncpy() later in the program:

#i ncl ude <i ostream h>
#i ncl ude <string. h>

The const kMaxNaneSi ze and the Enpl oyee class declara-
tion are identical to those presented earlier in the chapter. Notice
that the data members are all marked as pri vat e (unnecessary,
but it does make the code easier to read) while the member
functions are marked as publ i c.

const short kMaxNameSi ze = 20;

cl ass Enpl oyee

{
[/ Dat a nmenbers. ..

private:
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char enpl oyeeNane[ kMaxNaneSi ze ];
| ong enpl oyeel D
float enpl oyeeSal ary;

/1 Member functions. ..
publi c:
Enpl oyee( char *name, long id,
float salary );
~Enpl oyee();
void PrintEnpl oyee();

The Enpl oyee class has three member functions: a construc-
tor, a destructor, and a utility routine named Pr i nt Enpl oyee() .
The constructor, Enpl oyee(), uses its three parameters to ini-
tialize each of the Enpl oyee data members.

Enpl oyee: : Enpl oyee( char *nane, long id, float salary)

{

To avoid a possible nonterminated string in the nane param-
eter, we'll use st rncpy() to copy all the bytes from name into
enpl oyeeNane.strncpy() copieskNanmeSi ze characters from
name toenpl oyeeNane. If the name string is less thankNaneSi ze
characters long, strncpy() will also copy over the null
terminator.

strncpy( enpl oyeeNane, nanme, kMaxNaneSize );

If nane is not null-terminated or is kMaxNameSi ze bytes
long or longer, we’ll stick a null terminator at the very end of
enpl oyeeNane to ensure that one exists.

enpl oyeeNanme[ kMaxNameSize - 1] = '\0";

Finally, we’ll copy the remaining two parameters into their
respective data members.

enpl oyeel D = i d;
enpl oyeeSal ary = sal ary;
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Once the data members are initialized, the constructor sends
a message to the console, telling us which Enpl oyee object was
just created.

cout << "Creating enpl oyee #" << enpl oyeel D << "\ n";

}

Since no extra memory was allocated, there’s not a whole lot
for the destructor to do. Just like the constructor, the destructor
sends a message to the console, telling us which Enpl oyee object
was just deleted.

Enpl oyee: : ~Enpl oyee()
{

}

cout << "Del eting enpl oyee #" << enpl oyeel D << "\ n";

Print Enpl oyee() displays the contents of the three data
members of the current object:

voi d Enpl oyee: : Print Enpl oyee()

{
cout << "----\n";
cout << "Nane: " << enpl oyeeNane << "\n";
cout << "I D " << enpl oyeel D << "\ n";
cout << "Salary: " << enployeeSalary << "\n";
cout << "----\n";

}

mai n() is the control center, where all the action is. First, we
define an Enpl oyee object, passing three parameters to the
constructor:

int main()
{
Enpl oyee enpl oyeel( "Dave Mark", 1, 200.0 );

As the Enpl oyee constructor is called, it displays the follow-
ing line on the console:

Creating enpl oyee #1
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Next, an Enpl oyee object pointer is defined:
Enpl oyee *enpl oyee2;

This time, newis used to create a second Enpl oyee object:
enpl oyee2 = new Enmpl oyee( "Steve Baker", 2, 300.0);

Once again, the Enpl oyee constructor is called, sending an-
other line to the console:

Creating enpl oyee #2

Now, both objects are used to call the Pri nt Enpl oyee()
member function. enpl oyeel is an object and uses the . opera-
tor to access its member function. Since enpl oyee2 is a pointer
and uses the - > operator to access the Pr i nt Enpl oyee() func-
tion:

enpl oyeel. Pri nt Enpl oyee();
enpl oyee2->Pri nt Enpl oyee() ;

These two calls result in the following output:

Name: Dave WMark

| D 1

Sal ary: 200

Nane: St eve Baker
| D 2

Sal ary: 300

Next, the object pointed to by enpl oyee2 is del et ed:
del et e enpl oyee?2;

return O;

}
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This causes enpl oyee2’s destructor to be called, resulting in
this line of output:

Destroyi ng enpl oyee #2

Finally, mai n() exits and all of mai n()’s local variables
(including enpl oyeel) are deallocated. As soon as enpl oyeel
was deallocated, its destructor was called, resulting in a final line
of output being sent to the console:

Destroyi ng enpl oyee #1

Notice thatenpl oyeel’s destructor wasn’t called till mai n()
had exited.

Before you move on to the next section, take another
look at your program’s output. If you like, go run the
program again. Notice that every single line of output
was produced by an object's member function. Although
you did call Pri nt Enpl oyee() directly, the construc-
tor and destructor functions were called for you when
you created and deleted an object.

Consider the line of code used to delete an Enpl oyee
object:

del ete enpl oyeel,

This line of code does not contain a function call. It
does not contain code that prints information to the
console. Even so, a function call was made (the de-
structor function, called for you). A line of output was
sent to the console.

The point here is that there’s action going on behind
the scenes. Stuff happens automatically. You del et e
an object, the destructor gets called for you. This might
seem like a minor point, but this is your first peek at the
power of object programming.
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Friends

In our last program, the Enpl oyee class marked its data mem-
bers as pri vat e and its member functions as publ i c. As we
discussed earlier, the idea behind this strategy is to hide the
implementation details of a class from the rest of the program,
funneling all access to the class’s data members through a set of
interface routines.

For example, suppose we wanted to provide access to the
Enpl oyee class’s enpl oyeeSal ary data member. Since
enpl oyeeSal ary is marked as pri vat e, there’s no way to access
this data member outside the Enpl oyee class. If we wanted to, we
could provide a pair of publ i ¢ member functions a user of the
Enpl oyee class could use to retrieve (Get Enpl oyeeSal ary())
and modify (ChangeEnpl oyeeSal ary()) the value of
enpl oyeeSal ary.

Sometimes this strategy just doesn’t cut it. For example, sup-
pose you created a Payr ol | class to generate paychecks for your
Enpl oyees. Clearly, the Payr ol | class is going to need access to
an Empl oyee’s salary. But if you create a public
Get Empl oyeeSal ary() member function (or mark
enpl oyeeSal ary as publ i c) you'll make enpl oyeeSal ary
available to the entire program, something you might not want
to do.

The solution to this problem is provided by C++’s f ri end
mechanism. C++ allows you to designate a class or a single
member function as a f ri end to a specific class. In the previous
example, we could designate the Payrol | classasafriendto
the Enpl oyee class:

cl ass Enpl oyee

{

friend class Payroll;

/1 Dat a nmenbers. ..
private:
char enpl oyeeNane[ kMaxNaneSi ze ];
| ong enpl oyeel D
float enpl oyeeSal ary;

I Menber functions...
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publi c:
Enpl oyee( char *name, long id,
float salary );
~Enpl oyee();
void PrintEnpl oyee();

cl ass Payrol |

{
I Dat a nmenbers. ..
private:
I Menmber functions...
publi c:
Payrol |l ();
~Payrol | ();
void PrintCheck( Enpl oyee *payee );
i

The f ri end statement (see the first line of the Enpl oyee
class declaration) is always placed in the class whose data mem-
bers and functions are being shared. In this case, the Enpl oyee
class is willing to share itspr i vat e data members and functions
with its new friend, the Payrol | class. Once the Payr ol |
class has friend access to the Enpl oyee class, it can access
pri vat e data members and functions like enpl oyeeSal ary.

Three Types of Friends

There are three ways to designate a f ri end. As we’ve already
seen, you can designate an entire class as a f ri end to a second
class. You can also designate a specific class functionas af ri end to
a class. For example, the Payr ol | class we just declared contains
a function named Pr i nt Check() . We might want to designate
the Pri nt Check() functionasafri end of the Enpl oyee class,
rather than the entire Payr ol | class.

cl ass Enpl oyee

{
friend void Payrol | ::PrintCheck( Enpl oyee *payee );;
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/1 Dat a nenbers. ..
private:
char enpl oyeeNane[ kMaxNaneSi ze ];
| ong enpl oyeel D
float enpl oyeeSal ary;

/1 Member functions. ..
publi c:
Enpl oyee( char *name, long id,
float salary );
~Enpl oyee();
void PrintEnpl oyee();

This time, the f ri end definition specified the Payr ol | mem-
ber function Payrol | :: Print Check() instead of the entire
Payr ol | class. Since thef r i end statement referred to a member
function of another class, the full name of the function (including
the class name and the two colons) was included.

You can also designate a nonmember function as a f ri end.
For example, you could designate mai n() as a friend to the
Enpl oyee class:

cl ass Enpl oyee

{

friend int main();

/1 Dat a nenbers. ..
private:
char enpl oyeeNane[ kMaxNaneSi ze ];
| ong enpl oyeel D
float enpl oyeeSal ary;

/1 Menmber functions...
publi c:
Enpl oyee( char *nane, long id,
float salary );
~Enpl oyee();
void PrintEnpl oyee();
i
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This arrangement gives mai n() access to all Enpl oyee data
members and functions, even those marked as pri vat e. Just
because mai n() isafri end doesn’t give any special priveleges
to any other functions, however. Choose yourf r i ends carefully!

A Friendly Example

Our next example combines the Employee class created earlier
with the Payroll class described in this section. Close the current
project by selecting Close Project from the Project menu.
When prompted for a project file to open, go up to the THIN C++
Projects folder, open the subfolder named Chap 05.02 - friends,
and open the project file named friends.p. Next, run friends.p by
selecting Run from the Proj ect menu. Here’s what you’ll see:

Creating payroll object
Creating enpl oyee #1000

Nane: Carl os Derr
| D 1000
Sal ary: 500

Pay $500 to the order of Carlos Derr...

Dest royi ng enpl oyee #1000
Dest royi ng payroll object

Hit a return to exit f ri ends. Let’s take a look at the source
code.

The friends Source Code

friends. cp starts out just like enpl oyee. cp, with the same
two #i ncl udes and the same const definition:

#i ncl ude <i ostream h>
#i ncl ude <string. h>

const short kMaxNameSi ze = 20;

Since the Payr ol | class declaration refers to the Enpl oyee
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class (check out the parameter to Pri nt Check() ) and its declara-
tion comes first, we'll need a forward declaration of the Enpl oyee
class:

cl ass Enpl oyee;

Next cones the declaration of the Payroll class:

R R Payr ol |
cl ass Payrol |
{
/1 Dat a nenbers. ..
private:
/1 Menmber functions...
publi c:
Payrol | ();
~Payrol | ();
void PrintCheck( Enployee *payee );
s

To keep this example as simple as possible, we’ve stripped
Payr ol | down to its bones: no data members, a constructor, a
destructor, and a Pri nt Check() function. Further down in the
source, the Enpl oyee class will mark the Pri nt Check() func-
tionasafriend.

Next comes the Enpl oyee class declaration. You may have
noticed that we didn’t list the Payr ol | member functions right
after the Payr ol | class declaration. This was because
Payrol | : : Pri nt Check() refers to the Enpl oyee data mem-
ber enpl oyeeSal ary, which hasn’t been declared yet.

N L R R Enpl oyee

cl ass Enpl oyee

{
friend void Payroll::PrintCheck( Enpl oyee *payee );

I Dat a nenbers. ..
private:
char enpl oyeeNane[ kMaxNaneSi ze ];
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I ong enpl oyeel D
float enpl oyeeSal ary;

/1 Menmber functions...
publi c:
Enpl oyee( char *name, long id,
float salary );
~Enpl oyee();
void PrintEnpl oyee();

Take a look at the f ri end declaration inside the Enpl oyee
class declaration. Notice that we’ve opted to make
Payrol | :: Print Check() a friend of the Enpl oyee class.
Now, Pri nt Check() is the only Payr ol | function with access
to the pri vat e Enpl oyee data members.

Interestingly, if you leave Pri nt Check( ) 's parameter
out of the fri end statement, the code won't compile.
Since you can have more than one function with the
same name (Remember overloaded functions from
Chapter 47?), if the parameter is left out, the compiler
tries to match the f ri end statement with a version of
Pri nt Check() with no parameters. When it doesn’t
find one, the compiler reports an error.

Next come the Payr ol | member functions. The constructor
and destructor print messages letting you know they were called,
while Print Check() prints up a simulated check using the
private Enpl oyee data members enpl oyeeSal ary and
enpl oyeeNane.

R LR Payrol|l Menber Functions
Payrol | :: Payroll ()
{
cout << "Creating payroll object\n";
}

Payrol | ::~Payroll ()
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{

cout << "Destroying payroll object\n";

}

void Payroll::PrintCheck( Enployee *payee )
{
cout << "Pay $" << payee->enpl oyeeSal ary
<< " to the order of
<< payee->enpl oyeeNane << "...\n\n";

The Enpl oyee member functions are the same as they were
in Enpl oyee. cp.
N T Enpl oyee Menmber Functions

Enpl oyee: : Enpl oyee( char *name, long id,
float salary )
{

strncpy( enpl oyeeNane, nane, kMaxNaneSize );
enpl oyeeNane[ kMaxNameSize - 1] = '\0";

enpl oyeel D = id;
enpl oyeeSal ary = sal ary;

cout << "Creating enpl oyee #" << enpl oyeel D << "\ n";

}

Enpl oyee: : ~Enpl oyee()
{

cout << "Destroyi ng enpl oyee #" << enpl oyeel D<< "\ n";

}

voi d Enpl oyee: : Print Enpl oyee()

{
cout << "----\n";
cout << "Nane: " << enpl oyeeName << "\n";
cout << "ID " << enpl oyeel D << "\ n";
cout << "Salary: " << enployeeSalary << "\n";
cout << "----\n";
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Once again, mai n() is where the action is. We start off by
defining a couple of pointers, one to an Enpl oyee object and one
toa Payrol | object.

I L R R mai n
int main()
{

Enpl oyee *enpl oyeelPtr;

Payr ol | *payrol | 1Ptr;

Next, we use newto create a new Payr ol | object and a new
Enpl oyee object.

payrol | 1Ptr = new Payroll;

enpl oyeelPtr = new Enpl oyee( "Carlos Derr", 1000,
500.0 );

The two constructors are called, generating these two lines of
output:

Creating payroll object
Creating enpl oyee #1000

Next, Pri nt Enpl oyee() is called.
enpl oyeelPtr->Print Enpl oyee();

The Pri nt Enpl oyee() call generates these five lines of output:

Name: Carl os Derr
| D 1000
Sal ary: 500

Next, Pri nt Check() is called. Pri nt Check() takes a pointer
to the Enpl oyee object as a parameter.

payrol | 1Ptr->Pri nt Check( enpl oyeelPtr );
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Summary

A check is printed to the specified Empl oyee using
enpl oyeeNane and enpl oyeeSal ary:

Pay $500 to the order of Carlos Derr...
Next, both objects are del et ed:

del ete enpl oyeelPtr;
del ete payrol | 1Ptr;

return O;

}
The two destructors print their respective messages:

Dest royi ng enpl oyee #1000
Dest royi ng payroll object

So far, you've gotten a taste of object programming. You've learned
how to create a class and how to define objects of that class, either
directly or by using new. You've learned about constructors and
destructors and you’ve seen how these routines are called when
an object is created or destroyed.

You've learned the difference between pri vat e and publ i ¢
data members and functions. You've also learned how to estab-
lisha f ri end relationship between a class and another class or
function.

Perhaps most important of all, you’ve started down a new
programming path. You are now well on your way to becoming
an object programmer. Our next chapter, Chapter 6, will take you
further down that path, exploring some of the fundamental tech-
niques you’ll want to develop as your C++ programs become
more and more sophisticated.
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Derived
Classes

C++ allows you to create
classes that are based on
other classes. These derived
classes retain access to all
the data members and mem-
ber functions of their base
class. This feature, known as
inheritance, plays a critical
role in object programming.
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Inheritance
Access and Inheritance
A Class Derivation Example
Derivation, Constructors, and Destructors
O The Derivation Chain
ThlS Chapter A Derivation Chain Example
Some Food for Thought
at a Glance Base Classes and Constructors with
Parameters
Another Classy Example
Overriding Member Functions
Creating a Virtual Function

A Virtual Function Example
Summary

C++ ALLOWS YOU TO USE ONE CLASS DECLARATION, KNOWN
as a base class, as the basis for the declaration of a second class,
known as a derived class. For example, you might declare an Em
pl oyee class that describes your company’s employees. Next, you
might declare a Sal es class, based on the Enpl oyee class, that
describes employees in the sales department.

This chapter is filled with examples that emphasize the advan-
tages of classes derived from other classes. As you read through the
chapter, focus on the syntax and techniques demonstrated by each
example. The mechanics and philosophy presented here form the
body and soul of that part of object programming known as class
derivation.
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Inheritance

FIGURE 6.1
An object of the Base
class.

One of the most important features of class derivation is inherit-
ance. Just like the cherished heirlooms you hope to inherit from
your granduncle Morty, a derived class inherits all of the data
members and member functions from its base class.

As an example, consider the following class declaration:

cl ass Base

{
publi c:
short baseMenber ;
voi d Set BaseMenber ( short baseVal ue );
i

This class, Base, has two members, a data member named
baseMenber and a member function named Set BaseMenber () .
Both of these members will be inherited by any classes derived
from this class. Figure 6.1 shows how an object of the Base class
might look from a graphic perspective.

Base Object

baseMember:

SetBaseMember()
SetBaseMember() . § |||

Here’s another class declaration:

class Derived : Base

{
publi c:
short deri vedMenber ;
voi d Set Deri vedMenber ( short derivedVval ue );
}

This class is a derived class named, appropriately enough,
Deri ved. The “: Base” at the end of the title tells you that this
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FIGURE 6.2
An object of the
Deri ved class.

class is derived from the class named Base. Figure 6.2 shows
what a Der i ved object might look like from a graphic perspec-
tive. As you’d expect, this object has its own copy of the data
member der i vedMenber as well as access to the member func-
tion Set Der i vedMenber ().

Derived Ohject

derivedMember:

. SetDerivedMember()
SetDerivedMember() « § |||
baseMember and baseMember:
SetBaseMember() are SetBaseMember)
SetBaseMember() . § |||

inherited from Base
What you might not have expected are the members inherited
by this object, that is, the Base class data member baseMenber
as well the Base class member function Set BaseMenber () .
Here’s some code that allocates a Deri ved object, then
accesses various data members and functions:

Derived *derivedPtr;

derivedPtr = new Deri ved;

derivedPtr->Set Deri vedMenber ( 20 );

cout <<"derivedMenber =" << derivedPtr->derivedMenber;
derivedPtr->Set BaseMenber ( 20 );

cout << "\ nbaseMenber = " << derivedPtr->baseMenber;

Notice that the object pointer deri vedPt r is used to access its
own data members and functions as well as its inherited data
members and functions. Notice also that the example does not
create a Base object. This is important. When an object inherits
data members and functions from its base class, the compiler
allocates the extra memory needed for all inherited members
right along with memory for the object’'s own members.
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Access and Although a derived class inherits all of the data members and
Inheritance member functions from its base class, it doesn’t necessarily retain
access to each member.

Here’s how this works. When you declare a derived class, you
declare its base class as either publ i ¢ or pri vat e. One way to
do this is to include either publ i ¢ or pri vat e in the title line of
the declared class.

For example, in this declaration, the class Base is marked as

publi c:
class Derived : public Base
{
publi c:
short deri vedMenber ;
voi d Set Deri vedMenber ( short derivedVval ue );
}

In this declaration, Base is marked as pri vat e:

class Derived : private Base

{
publi c:
short deri vedMenber ;
voi d Set Deri vedMenber ( short derivedVval ue );
}

You can also mark a base class as publ i c orpri vat e
by leaving off the access specifier. If you use the cl ass
keyword to declare the derived class, the base class
defaults topri vat e. If you use the st r uct keyword to
declare the derived class, the base class defaults to
public.

Once you know whether the base class is publ i ¢ orpri vat e,
you can determine the access of each of its inherited members by
following these three rules:
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1. The derived class does not have access to pri vat e mem-
bers inherited from the base class. This is true regardless
of whether the base class is publ i c or pri vat e.

2. If the base class is publ i ¢, the members inherited from
the base class retain their access level (providing the inher-
ited member is not pri vat e, of course). This means that
an inherited publ i ¢ member remains publ i ¢ and an
inherited pr ot ect ed member remains pr ot ect ed.

3. If the base class is pr i vat e, the members inherited from
the base class are marked as pr i vat e in the derived class.

If these rules seem a bit confusing, don’t worry. As you
go through each of the chapter's sample programs,
things should become clearer. For the moment, just
mark this page so you can refer back to it later.

In Chapter 5, we adopted the strategy of declaring our data
members as privat e and our member functions as publi c.
This approach works well if the class will never be used as a base
class for later derivation. If you ever plan on using a class as the
basis for other classes, declare your data members as pr ot ect ed
and your member functions as publ i c.

A pr ot ect ed member can be accessed only by members of
its class or by members of any classes derived from its class. In a
base class, pr ot ect ed is just like pri vat e. The advantage of
pr ot ect ed is that it allows a derived class to access the member,
while protecting it from the outside world. We'll get back to this
strategy in a bit. For now, let’s take a look at an example of class
derivation.

A Class Derivation Example

So far in this chapter, you've learned how to derive one class from
another and you’ve been introduced to the pr ot ect ed access
specifier. Our first sample program brings these lessons to life.
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If THIN C++ is already running, close the current project by
selecting Close Project from the Project menu. If THIN C++
isn’t running, launch it by double-clicking on the THI NPr oj ect
Manager inside the Devel opnent folder, inside the THI N C++
f ol der . Either way, when prompted for a project file to open, go
into the THI N C++ Pr oj ect s folder, open the subfolder named
Chap 06. 01 - derived, and open the project file named
derived. p. Next, run deri ved. p by selecting Run from the
Project menu. Here’s what you'll see:

baseMenber was set to 10
deri vedMenber was set to 20

Hit a return to exit deri ved. Let’s take a look at the source
code.

The derived Source Code
As usual, deri ved. cp starts by including <i ost r eam h>:

#i ncl ude <i ostream h>

Next, we declare a class named Base, which we’ll use later as
the basis for a second class named Der i ved:

cl ass Base

{

Base has a single data member, ashort namedbaseMenber,
which is marked as pri vat e.

[/ Dat a nenbers. ..
private:
short baseMenber;

Base also includes two member functions, each marked as
pr ot ect ed. Set BaseMenber () sets baseMenber to the speci-
fied value while Get BaseMenber () returns the current value of
baseMenber .
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11 Menmber functions...
pr ot ect ed:
void SetBaseMenber( short baseVal ue );
short GCet BaseMenber ();

s

void Base:: Set BaseMenber ( short baseVal ue )

{

baseMenber = baseVal ue;

}
short Base:: Get BaseMenber ()
{
return baseMenber;
}

Since baseMenber is pri vat e, it cannot be accessed by any
function outside the Base class. Since Set BaseMenber () and
Cet BaseMenber () are prot ect ed, they can only be accessed
by Base member functions and from within any classes derived
from Base. Note that mai n() cannot access either of these
functions.

Our second class, Der i ved, is derived from Base:

Base: Deri ved

class Derived : public Base

{

The publ i ¢ keyword following the colon in the class title line
marks Base as a publ i ¢ base class.

As mentioned earlier, if a base class is declared as publ i ¢, all
inherited publ i ¢ members remain publ i c and inherited
pr ot ect ed members remain pr ot ect ed. Inherited pri vate
members are not accessible by the derived class.

If you marked Base as pri vat e instead of publ i c all
inherited members would be marked as pri vat e and
would not be accessible by any classes derived from
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Deri ved. The point here is this: If you mark the base
class as pri vat e you effectively end the inheritance
chain.

As a general rule, you should declare your derived classes
using publ i ¢ inheritance:

class Derived : public Base

It’s rare that you’d want to reduce the amount of information
inherited by a derived class. Most of the time, a derived class is
created to extend the reach of the base class by adding new data
members and functions. As you go through the examples in this
and later Chapters, the idea of derived classes as extenders will
appear again and again.

Derived has a single data member, a short named
deri vedMenber, which is declared as pri vat e:

[/ Dat a nenbers. ..
private:
short deri vedMenber;

deri vedMenber can only be accessed by a Der i ved mem-
ber function. That’s it. Der i ved contains two member functions,
Set Menber s() and Pri nt Dat aMenbers().

/1 Menmber functions...
publi c:
void SetMenbers( short baseVal ue,
short derivedVal ue );
void PrintDataMenbers();

b

Set Member s() takes two shorts, assigns the first to
deri vedMenber, and passes the second to Set BaseMenber () .
Set BaseMenber () was used because Der i ved does not have
direct access to baseMenber .

void Derived:: Set Menbers( short baseVal ue,
short derivedVal ue )
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{
deri vedMenber = deri vedVal ue;

Set BaseMenber ( baseVal ue );
}

Pri nt Dat aMenber s() prints the values of baseMenber and
deri vedMenber . Since Deri ved doesn’t have direct access to
baseMeneber , Get BaseMenber () is called to retrieve the value.

void Derived:: PrintDataMenbers()
{

cout << “baseMenber was set to “
<< Get BaseMenber() << ‘\n’;

cout << “derivedMenber was set to “
<< derivedMenber << ‘\n’;

mai n() starts by declaring a Der i ved pointer and then using
newto create a new Der i ved object (since we didn’t include a
constructor for either of our classes, nothing exciting has hap-
pened yet):

int main()

{
Deri ved *deri vedPtr;

derivedPtr = new Derived;

It's important to understand that when the Der i ved object is
created, it receives its own copy of baseMenber, even though it
doesn’t have access to baseMenber . If the Der i ved object wants
to modify its copy of baseMenber, it will have to do so via a call
to Base: : Set BaseMenber (), which it also inherited.

Now things start to get interesting. mai n() uses the pointer
to the Der i ved object to call Set Menber s(), setting its copy of
baseMenber to 10 and der i vedMenber to 20.

derivedPtr->Set Menbers( 10, 20 );
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Derivation,
Constructors,
and
Destructors

Next, we call the Der i ved member function Pr i nt Dat aMenber s() :
derivedPtr->Print Dat aMenbers();

return O;

}

As you saw when you ran the program, the values of the two data
members are successfully set:

baseMenber was set to 10
deri vedMenber was set to 20

Just as the Der i ved object pointer is able to take advantage of
inheritance to call Set BaseMenber (), Pri nt Dat aMenber s()
is able to print the value of the inherited data memberbaseMenber
by calling Get BaseMenber () .

For the moment, don’t worry too much about the advantages
of inheritance. Instead, concentrate on the mechanics and syntax of
inheritance. Once you master the how, the why will come naturally.

When an object is created, its constructor is called to initialize the
object’s data members. When the object is deleted, its destructor is
called to perform any necessary cleanup.

Suppose the object belongs to a derived class, and suppose it
inherits a few data members from its base class. How do these
inherited data members get initialized? When the object is deleted,
who does the cleanup for the inherited data members?

As it turns out, C++ solves this tricky issue for you. Before the
compiler calls an object’s constructor, it first checks to see whether
the object belongs to a derived class. If so, the constructor belong-
ing to the base class is called and then the object’s own constructor
is called. The base class constructor initializes the object’s inher-
ited members, while the object’s own constructor initializes the
members belonging to the object’s class (Figure 6.3).

The reverse holds true for the destructor. When an object of a
derived class is deleted, the derived class’s destructor is called
and then the base class’s destructor is called.
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FIGURE 6.3

The base class
constructor is called
before the derived
class constructor.

FIGURE 6.4

Three classes in a
single derivation chain
where class B is
derived from A and C is
derived from B.

Derived Class

Members The derived class
Belonging to the constructor initializes
Derived Class these members

Members Inherited from The base class constructor
the Base Class initializes these members

The Derivation Chain

There will frequently be times when you derive a class from a
base class that is, itself, derived from some other class. Each of
these classes acts like a link in a derivation chain. The construc-
tor/ destructor calling sequence just described still holds, no mat-
ter how long the derivation chain.

Suppose you declare three classes, A, B, and C, where class B is
derived from A and C is derived from B. Take a look at Figure 6.4.

Class B : public A | Class C : public B

Data Members Data Members Data Members
and and and
Member Functions Member Functions Member Functions
Inherited Members from Inherited Members from
Class A Class B

Inherited Members from
Class A

When you create an object of class B, it will inherit the mem-
bers from class A. When you create an object of class C, it will
inherit the members from class B, which includes the previously
inherited members from class A.

When an object from class C is created, the compiler follows
the derivation chain from C to B to A and discovers that A is the
ultimate base class in this chain. The compiler calls the class A
constructor, then the class B constructor, and finally the class C
constructor.
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When the object is deleted, the class C destructor is called first,
followed by the class B destructor and, finally, by the class A
destructor.

A Derivation Chain Example

Our second sample program demonstrates the order of construc-
tor and destructor calls in a three-class derivation chain. Close the
current project by selecting Close Project from the Project
menu. When prompted for a project file to open, go up to the
THI NC++ Proj ect s folder, open the subfolder named
Chap 06. 02 - granps, and open the project file named
granps. p. Next, run granps. p by selecting Run from the
Project menu. Here’s what you'll see:

Granps' constructor was call ed!
Pops' constructor was call ed!
Junior's constructor was call ed!

Juni or's destructor was call ed!
Pops' destructor was call ed!
G anps' destructor was call ed!

Hit a return to exit gr anps. As you can see by the output,
each class constructor was called once, then each class destructor
was called once in reverse order. Let’s take a look at the source
code.

The gramps Source Code
gr anps. cp starts with the usual #i ncl ude:

#i ncl ude <i ostream h>

Next, the Gr anps class is declared:

cl ass Granps

{
[/ Dat a nenbers. ..
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Notice that none of the classes in this program have any data
members. For the moment, we're interested only in the order of
constructor and destructor calls.

Both the constructor and the destructor are declared publ i c:

/1 Menber functions...
publi c:
G anps();
~G anps();
}s

The Granps constructor and destructor are pretty simple;
each prints an appropriate message to the console:

Granps: : Ganps()
{

cout << "G anps' constructor was called!\n";

}

G anps: . ~G anps()
{

cout << " anps' destructor was called!'\n";

}

Our next class is derived from the Gr anps class:

R Pops: G anps
class Pops : public G anps

{

I Dat a menbers. ..

Notice that we use the publ i ¢ keyword in the class title line. This
ensures that the constructor and the destructor inherited from
G anps are marked as publ i ¢ inside the Pops class.

Once again, this class has no data members. Both the construc-
tor and the destructor are marked as publ i c. They’ll be inherited
by any class derived from Pops:

/1 Menber functions...
publi c:
Pops() ;
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~Pops();

Just like those of G anps, the Pops constructor and destructor
are simple and to the point; each sends an appropriate message to
the console:

Pops: : Pops()
{

cout << "Pops' constructor was called!'\n";

}

Pops: : ~Pops()
{

cout << "Pops' destructor was called!'\n";

}

Juni or is to Pops what Pops is to G anps. Juni or inherits
not only the Pops members but the Gr anps members as well (as
you'll see in a minute, when you create and then delete a Juni or
object, both the G anps and the Pops constructor and destructor
will be called):

I L Juni or: Pops
class Junior : public Pops
{
[/ Dat a nenbers. .
[/ Menber functions..
publi c:
Junior();
~Junior();
s

The Juni or constructor and destructor are just like those of
G anps and Pops; each sends an appropriate message to the
console:

Juni or:: Junior()

{

cout << "Junior's constructor was called!'\n";

}
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Juni or:: ~Juni or ()

{
}

cout << "Junior's destructor was called!\n";

mai n() ’s job is to create and delete a single Juni or object.
Watch what happens:

int main()
{

Juni or *juniorPtr;

When the Juni or object is created, the derivation chain is fol-
lowed backward until the ultimate base class, G anps, is reached:

juniorPtr = new Junior;

The Granps constructor is called, giving the Granps class a
chance to initialize its data members. Next, the Pops constructor
is called, and, finally, the Juni or constructor is called:

Granps' constructor was call ed!

Pops' constructor was call ed!
Junior's constructor was call ed!

Then, a dividing line is printed, just for looks:

cout << "----\n";

Next, the Juni or object is deleted, and, this time, the derivation
chain is followed in the reverse order. The Juni or destructor is
called, then the Pops destructor, and, finally, the Granps
destructor:

delete juniorPtr;

return O;

}
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Here’s the output produced by these destructor calls:

Junior's destructor was call ed!
Pops' destructor was call ed!
Granps' destructor was call ed!

Some Food for Thought

Before we move on to our next program, take a minute to look
back over the gr anps source code. Notice that each of the three
classes marked their constructor and destructor as publ i ¢c. What
would happen if you changed the G- anps constructor topr i vat e?
Go try it. I'll wait.

Your code didn’t compile because Juni or no longer has access
to the G anps constructor. Now go change the G anps construc-
tor from pri vat e to pr ot ect ed and compile your program.

This time your program compiled. Why? This time, when
Juni or inherited the Gr anps constructor it had access to the
G anps constructor. Remember, when a derived class inherits a
pr ot ect ed member from a publ i c base class, the inherited
member is marked as pr ot ect ed.

Now go and change the Juni or constructor from publ i ¢ to
pr ot ect ed and recompile. What happened?

This time the compiler complained that the Juni or construc-
tor was not accessible. Since the Juni or constructor was declared
prot ect ed it is accessible by classes derived from Juni or, but
not by outside functions like mai n() . When mai n() creates a new
Juni or object, it must have access to the Juni or constructor.

On the other hand, you've seen that mai n() does not need
access to the Gr anps or Pops constructors to create a Juni or
object. When you changed the Gr anps constructor to pr ot ect ed,
Juni or had access to the G- anps constructor and mai n() didn’t
yet the program still compiled.

Think about these issues. Go back to the previous program,
deri ved, and make similar changes to it. Get to know the rules
for inheritance and access.
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Base Classes
and
Constructors
with
Parameters

Our first program in this chapter, der i ved, declared two classes,
Base and Der i ved. Neither of these classes included a construc-
tor. Our second program, gr anps, featured three classes. Though
all three classes declared a constructor, none of the constructors
declared any parameters.

Our next example enters uncharted waters by declaring classes
whose constructors contain parameters. What's the big deal about
constructor parameters? In a world without class derivation, not
much. When you add derived classes into the picture, however,
things get a bit more complex. Here’s why.

Imagine a base class whose constructor sports a single parameter:

cl ass Base

{
publi c:
Base( short baseParam);

};
Now, add a derived class based on this base class:

class Derived : public Base

{
publi c:
Derived();

s

Notice that the derived class constructor is declared without a
parameter. When a Der i ved object is created, the Base construc-
tor is called. What parameter is passed to this constructor?

The secret lies in the definition of the derived class construc-
tor. When a base class constructor has parameters, you have to
provide some extra information in the derived class constructor’s
title line. This information tells the compiler how to map data
from the derived class constructor to the base class constructor’s
parameter list.

For example, we might define the derived class constructor
this way:

Derived: : Derived() : Base( 20 )
{
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cout << "Inside the Derived constructor";

}

Notice the “: Base( 20 ) ” at the end of the title line. This code
tells the compiler to pass the number 20 as a parameter when the
Base constructor is called.

This technique is really useful when your derived class construc-
tor also has parameters. Check out the following piece of code:

Derived: : Derived( short derivedParam) : Base(
deri vedParam )

{
}

This constructor takes a single parameter, der i vedPar am and
maps it to the single parameter in its base class constructor. When
a Der i ved object is created, as follows,

Derived *derivedPtr;
derivedPtr = new Derived( 20 );

the parameter is passed to the Base constructor. Once the Base
constructor returns, the same parameter is passed to the Der i ved
constructor.

In the preceding example, the Deri ved constructor
does nothing but pass along a parameter to the Base
constructor. Though it may take some getting used to,
this technique is quite legitimate. It is perfectly fine to
define an empty function whose sole purpose is to map
a parameter to a base class constructor.

Another Classy Example

Our next example combines the class derivation techniques from
our first two programs with the constructor parameter-mapping
mechanism described in the previous section. Close the current



Derived Classes 145

project by selecting Close Project from the Project menu.
When prompted for a project file to open, go into the
THI NC++ Proj ect s folder, open the subfolder named
Chap 06. 03 - square, and open the project file named
square. p. Next, run square. p by selecting Run from the
Project menu. Here’s what you'll see:

Area is: 100
Area is: 150

Hit a return to exit squar e. Let’s take a look at the source code.

The square Source Code
squar e. cp starts in the usual way, by including <i ost r eam h>:

#i ncl ude <i ostream h>

Next, the first of two classes is declared. Rect angl e will act
as a base class:

I R R T Rect angl e

cl ass Rectangl e

{

The data members of our base class are declared as pr ot ect ed;
the member functions, publ i c. hei ght and w dt h hold the
height and width of a Rect angl e object:

I Dat a nmenbers. ..
pr ot ect ed:
short height;
short wi dth;

The Rectangl e() constructor takes two parameters,
hei ght Par amand wi dt hPar am that are used to initialize the
Rect angl e data members. The member function D spl ayAr ea()
displays the area of the current object:

[/ Menber functions...
publi c:
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Rect angl e( short hei ght Param short
wi dt hParam ) ;
void DisplayArea();

Rect angl e() uses its two parameters to initialize the
Rect angl e data members:

Rect angl e: : Rectangl e( short hei ght Param short
wi dt hParam )

{
hei ght = hei ght Par am
wi dt h = wi dt hPar am

}
void Rectangle:: D splayArea()
{
cout << "Area is: " <<
height * width << '\n';
}

The Squar e class is derived from the Rect angl e class. Just
as a square is a specialized form of rectangle (a rectangle whose
sides are all equal), a Squar e object is a specialized Rect angl e
object. The Squar e class has no data members, just a single
member function, the Squar e() constructor:

N Rect angl e: Squar e

class Square : public Rectangle

{
/1 Dat a nenbers. ..

The Squar e() constructor takes a single parameter, a shor t
named si de:

/1 Menber functions...
publi c:
Square( short side );

s
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The Squar e() constructor has one purpose in life. It maps the
single Squar e() parameter to the two parameters required by
the Rect angl e() constructor. A square whose side has a length
of si de is equivalent to a rectangle with a height of si de and a
width of si de:

Square: : Square( short side ) : Rectangl e( side, side)
{
}

mai n() starts by declaring a Squar e pointer and aRect angl e
pointer:

int main()

{
Squar e *mySquar e;
Rect angl e *myRect angl e;

The Squar e pointer is used to create a new Squar e object with a
side of 10:

mySquare = new Square( 10 );

As specified by the Squar e() constructor’s title line, the com-
piler calls Rect angl e(), passing 10 as both hei ght Par amand
wi dt hPar am The Rect angl e() constructor initializes the
Squar e object’s inherited data members hei ght and wi dt h to
10, just as if you'd created a Rect angl e with a height of 10 and a
width of 10.

Next, the Squar e object’s inherited member function,
Di spl ayArea(), is called:

mySquar e- >Di spl ayArea();

Di spl ayAr ea() uses the inherited data members hei ght and
wi dt h to calculate the area of the Squar e:

Area is: 100
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As far as Di spl ayArea() is concerned, the object
whose area it just calculated was a Rect angl e. It had
no idea it was working with data members inherited
from a Rect angl e. That's part of the power of object
programming.

Finally, the Rect angl e pointer is used to create a new
Rect angl e object with a height of 10 and a width of 15:

myRect angl e = new Rectangl e( 10, 15 );
myRect angl e- >Di spl ayArea() ;

return O;

}

When we call Di spl ayAr ea(), it displays the appropriate area:

Area is: 150

An Important Lesson

This program demonstrates a very important point. With just a
few lines of code, we can add a new dimension to an existing class
without modifying the existing class.

The Squar e class takes advantage of what's already in place,
building on the data members and member functions of its base
class. Essentially, Squar e added a shortcut to the Rect angl e
class, a quicker way to create a Rect angl e when the height and
width are the same.

This may not seem like a significant gain to you, but there’s an
important lesson behind this example. C++ makes it easy to build
upon existing models, to add functionality to your software by
deriving from existing classes.

As you gain experience in object programming, you'll build
up a library of classes that you’ll use again and again. Sometimes,
you’ll use the classes “as is.” At other times, you'll extend an
existing class by deriving a new class from it. By deriving new
classes from existing classes, you get the best of both worlds.
Code that depends on the base classes will continue to work quite
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Overriding
Member
Functions

well without modification. Code that takes advantage of the new,
derived classes will work just as well, allowing these classes to
live in harmony with their base classes.

In my mind, this is what object programming is all about.

In the preceding example, the derived class, Squar e, inherited
the member function, Di spl ayArea(), from its base class,
Rect angl e. Sometimes, it’s useful to override a member func-
tion from the base class with a more appropriate function in the
derived class. For example, you could have provided Square
with its own version of Di spl ayArea() that based its area
calculation on the fact that the height and width of a square are
equal.

Here’s another example. Suppose you create a base class named
Shape and a series of derived classes such asRect angl e,C rcl e,
and Tri angl e. You can create a Di spl ayAr ea() function for
the Shape class, then override Di spl ayAr ea() in each of the
derived classes.

Suppose you want to create a linked list of Shapes. To sim-
plify matters for the software that manages the linked list, you can
treat the derived objects as Shapes, no matter what their actual
type. Then, when you call the Shape’s Di spl ayArea() func-
tion, their true identity will emerge. A Tri angl e will override
the Shape Di spl ayArea() function with a Tri angl e
Di spl ayArea() function. The Rectangl e and Circl e will
have their own versions as well. The trick is to get C++ to call the
proper overriding function, if one exists.

Creating a Virtual Function

The linked list example just presented has a slight problem.
Suppose the linked list contains a pointer to a Shape which is
actually one of Rect angl e, Tri angl e, or Ci rcl e. Now sup-
pose that Shape pointer is used to call the member function
Di spl ayArea():

my ShapePt r - >Di spl ayArea() ;
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As it is now, this code will call the function
Shape: : Di spl ayArea() even if the Shape pointed to by
myShapePtr isa Rect angl e, Tri angl e, or Ci rcl e.

The solution to this problem? Declare Shape: : Di spl ayAr ea()
asavirtual function. By declaring a base member function that
we intend to override using the vi r t ual keyword, we are asking
the compiler to call the overriding function instead of the base
function, even if the object used to call the function belongs to the
base class.

A Virtual Function Example

Our final program in this chapter provides a simple example of
virtual function overriding by using a base class named Shape
and two derived classes, Rect angl e and Tri angl e. Close the
current project by selecting Close Project from the Project
menu. When prompted for a project file to open, go into the
THI NC++ Projects folder, open the subfolder named
Chap 06. 04 - what Al , and open the project file named
what Al . p. Next, run what Aml . p by selecting Run from the
Project menu. Here’s what you'll see:

I"ma rectangl e!
I"ma triangle!
I don't know what kind of shape |I anl

Hit a return to exit what Anl . Let’s take a look at the source code.

The whatAml Source Code
what Aml . cp starts in the usual way, by including <i ost r eam h>:

#i ncl ude <i ostream h>

Next, the base class Shape is declared. Shape contains a
single member function, What Al () . When it is called, What Al ()
tells you what kind of shape it belongs to. Notice that it is declared
using the vi r t ual keyword, which tells the compiler that you'd
like any overriding function to be called, if one exists:
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A e Shape
cl ass Shape
{
/1 Dat a nenbers. ..
/1 Member functions. ..
publi c:

virtual void WhatAm();

1

Here’s the definition of Shape: : What Ami () :

voi d Shape: : What Al ()
{

cout << "I don't know what kind of shape I am\n";

}

Notice that the vi rt ual keyword isn’t used here. The vi r t ual
keyword is only allowed in the function declaration inside the
class declaration.

Our next class, Rect angl e, is derived from the Shape class.
Rect angl e also has a single member function named What Ani () :

Shape: Rect angl e

cl ass Rectangle : public Shape

{
[/ Dat a nenbers. ..
[/ Menber functions...
publi c:
void What Ami () ;
s

Rect angl e’s version of What Al () is called when the object
doing the calling is a Rect angl e:

void Rectangle:: Wat Am ()
{

cout << "I'ma rectangle!\n";

}
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Our next class, Tr i angl e, is also derived from Shape:

Shape: Tri angl e

class Triangle : public Shape

{
/1 Dat a nenbers. ..
/1 Menber functions...
publi c:
void Wat Aml ();
s

Once again, Tri angl e has its own version of What Am () :

void Triangle::WatAn ()
{

}

cout << "I'ma triangle!\n";

Now comes the fun part. mai n() declares three Shape point-
ers,S1,s2,and s3:

int main()
{
Shape *sl1, *s2, *s3;

Each of these pointers is used to create a new object, aRect angl e,
aTriangl e, and a Shape:

sl = new Rectangl e;
s2 = new Triangl e;
s3 = new Shape;

You may be wondering why the three pointers are all declared
as Shapes while the objects assigned to the pointers are of three
different types. This is intentional. If you're building a linked list
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of shapes, you can store a pointer to each object in the list as a
Shape pointer rather than as a Rect angl e pointer or Tri angl e
pointer. In this way, your list management software doesn’t have
to know what type of shape it is dealing with. If you want to call
What Aml () (or some other, more useful function) for each object
in the list, you just step through the list, one object at a time,
treating each object as if it were a Shape. If the object belongs to a
derived class that overrides the function, C++ will make sure the
correct function is called.

Once our three objects are created, we try using each object to
call hat A () :

s1->What Aml () ;
s2->\What Aml () ;
s3->What Aml () ;

return O;

}

When the Rect angl e object is used to call What Aml (), we get
this result:

I"ma rectangl e!

When the Tri angl e object is used to call What Aml (), we get
this result:

I'"'ma triangle!

Finally, when the Shape object is used to call What Am (), we get
this result:

| don't know what kind of shape |I am

In this example, the Shape class exists just so that we can
create useful, derived classes from it. Creating a Shape object is
not particularly useful.
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Summary Congratulations! You've made it through the hardest part of
object programming with C++. You've mastered most of the skills
you'll need to write your own object-oriented programs.

The remainder of this book is dedicated to filling in the gaps.
Though there’s still a major topic or two to cover, you'll find that
most of the toughest aspects of C++ are behind you. Once again,
congratulations, and welcome to the world of object programming!
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Operator
Overloading

C++ allows you to overload its
built-in operators, customizing
them to work with objects you
define. This chapter provides
examples that show you how to
take full advantage of this pow-
erful and creative technique.
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THE C++ FEATURE UP FOR DISCUSSION IN THIS CHAPTER
is operator overloading. In C++, you can overload any of the
built-in operators, such as + or *, giving each one your own
personal twist.

For instance, imagine that you're running a restaurant and
you want to write some software to handle your billing, print
your menus, and so on. Your program might create a Menul t em
class that looks something like this:

class Menultem

{
private:
fl oat price;
char nane[ 40 ];
publi c:
Menul tem : Menultem( float itenPrice,
char *itemName );
fl oat Menul tem : GetPrice( void );
s

Your software would define a Menul t emobject for each item on
the menu. When someone orders, you’d calculate the bill by
adding together the pri ce of each Menul t em Here’s an example:

Menul t em chi cken( 8.99, "Chicken Kiev with salad" );
Menul t em houseWne( 2.99, "Riesling by the glass" );
fl oat total;

total = chicken->CGetPrice()
+ houseW ne->Get Price();

This particular diner had the chicken and a glass of the house
wine. The total is calculated using the member function
Cet Pri ce() . Nothing new here.
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The Operator
Overloading
Alternative

Operator overloading provides an alternative way of figuring up
the bill. If things are set up properly, the compiler will interpret
the statement

total = chicken + houseW ne;

by adding the pri ce of chi cken to the pri ce of houseW ne.
Ordinarily, the compiler would complain if you tried to use a
nonintegral type with the + operator. You can get around this
limitation by giving the + operator a new meaning.

To do this, create a function to overload the + operator:

float operator+( Menultemiteml, Menultemiten? )

{
return( iteml. GetPrice() + itenR. GetPrice() );

}

Notice the name of this new function. Any function whose name
follows the form

oper at or <C++ oper at or >

is said to overload the specified operator. When you overload an
operator, you're asking the compiler to call your function instead
of interpreting the operator as it normally would.

Calling an Operator Overloading Function

When the compiler calls an overloading function, it maps the
operator’s operands to the function’s parameters. For example,
suppose the function

float operator+( Menultemiteml, Menultemiten? )

{
return( iteml. GetPrice() + itenR. GetPrice() );

}
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is used to overload the + operator. When the compiler encounters
the expression

chi cken + houseW ne
it calls oper at or +(), passing chi cken as the first parameter

and houseW ne as the second parameter. oper at or +( ) ’s return
value is used as the result of the expression.

The number of operands taken by an operator deter-
mines the number of parameters passed to its overload-
ing function. For example, a function designed to
overload a unary operator takes a single parameter; a
function designed to overload a binary operator takes
two parameters.

Operator Overloading Using a Member Function

You can also use a member function to overload an operator. For
example, the function

float Menultem:operator+( Menultemitem)

{
return( CGetPrice() + itemGetPrice() );

}

overloads the + operator and performs pretty much the same
function as the earlier example. The difference lies in the way a
member function is called by the compiler.

When the compiler calls an overloading member function, it
uses the first operand to call the function and passes the remain-
der of the operands as parameters. So with the function just given
in place, the compiler handles the expression

chi cken + houseW ne
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by calling chi cken. oper at or +(), passing houseW ne as a
parameter, as if you had made the following call:

chi cken. oper at or +( houseW ne )

Again, the value returned by the function is used as the result of
the expression.

Multiple Overloading Functions

The previous example brings up an interesting point. What will
the compiler do when it encounters several functions that over-
load the same operator? For example, both of the following func-
tions overload the + operator:

float operator+( Menultemiteml, Menultemiten? )
float Menultem:operator+( Menultemitem)

If both are present, which one is called?

The answer to this question is, neither! The compiler will not
allow you to create an ambiguous overloading situation. You can
create several functions that overload the same operator, how-
ever. You might create one version of oper at or +() that handles
Menul t ens and another that allows you to add two arrays to-
gether. The compiler chooses the proper overloading function
based on the types of the operands.

An Operator Overloading Example

Here’s an example that brings some of these concepts to life. First,
we’ll declare a Ti ne class and use it to store a length of time
specified in hours, minutes, and seconds. Then, we’ll overload the
+ and * = operators and use them to add two times together and to
multiply a time by a specified value.

If THIN C++ is already running, close the current project by
selecting Close Project from the Project menu. If THIN C++
isn’t running, launch it by double-clicking on the THI NPr oj ect
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Manager . Either way, when prompted for a project file to open,
go into the THI NC++ Pr oj ect s folder, open the subfolder named
Chap 07. 01 - ti ne, and open the project file named ti nme. p.
Next, run ti ne. p by selecting Run from the Project menu.
Here’s what you'll see:

(1:10: 50)
(2:24:20)
(3:35: 10)
* 2

(7:10:20)
Hit a return to exit t i me. Let’s take a look at the source code.

The time Source Code
Asusual, ti me. cp starts by including <i ost r eam h>:

#i ncl ude <i ostream h>

Next, we declare the Ti e class, which is used to store time in
hour s, m nut es, and seconds:

class Tine

{
[/ Dat a nenbers. ..

private:
short hours;
short m nutes;
short seconds;

Next come the member functions. The first, Nor mal i zeTi ne(),
converts any overflow in the seconds and m nut es data mem-
bers; for example, 70 seconds is converted to 1 minute and 10
seconds. Nor mal i zeTi ne() will only be used from within the
Ti me class. Since we’re not planning on deriving any classes from
Ti me, we've left it aspri vat e. The rest of the member functions
will be publ i c.
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I Menmber functions...
void NornmalizeTine();
publi c:

The Ti ne class sports two constructors. The first takes no
parameters and is used to create a Ti ne object with all three data
members set to 0 (You'll see why later on in the code). The second
Ti me constructor uses its three parameters to initialize the three
Ti me data members.

Time();
Time( short h, short m short s );

Di spl ay() displays the time stored in the current object,
oper at or +() overloads the + operator, and oper at or *=()
overloads the * = operator:

void Display();
Time operator+( Time &aTinme );
void operator*=( short num);

s

Next come the two overloaded constructors. The first one
initializes all three data members to 0. The second initializes the
data members and then calls Nor mal i zeTi ne() to resolve any
overflow.

Time:: Time()
{
seconds =
m nutes =
hours = 0;

0;
0;

}

Time:: Time( short h, short m short s )

{

seconds = s;
mnutes = m
hours = h;

Nor mal i zeTi me() ;

}
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Nor mal i zeTi me() starts by adding the seconds overflow
to mi nut es, and then it adds the m nut es overflow to hour s:

void Tine::NornalizeTine()

{

hours += ((m nutes + (seconds/60)) / 60);

Next, the same calculation is performed to calculate a new value
for mi nut es and then for seconds:

m nutes = (mnutes + (seconds/60)) % 60;

seconds % 60;

}
Di spl ay() is self-explanatory:

void Tine::Display()
{

cout << "(" << hours << << m nut es
<< ":" << seconds << ")\n";

oper at or +() is called when the + operator is used to add
two Ti me objects together. The first operand is used as the current
object, and the second operand corresponds to the parameter
aTi me.

Time Tine::operator+( Tinme &aTinme )
{

short h;

short m

short s;

Notice that aTi ne is declared as a reference param-
eter. Why? This code would also work if aTi ne were
declared without the &.

Without the &, the compiler would create a copy of
the parameter to pass in to oper at or +() . Since C++
passes its parameters on the stack, this could cause a
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problem if the parameter was big enough. With the &,
aTi me is a reference to the object passed in as a
parameter.

Next, the hour s, nmi nut es, and seconds data members of
the two objects are added together and stored in the local vari-
ables h, m and s:

hours + aTi ne. hours;
m nutes + aTi me. nm nutes;
seconds + aTi ne. seconds;

h
m
s

Next, a new Ti e object is created using h, m and s. Since the
Ti me constructor callsNor mal i zeTi ne(), there’s no need to do

that here.

Time tenpTinme( h, m s );

It is perfectly OK to declare an object in the middle of
your code. In this case, we wanted to initialize h, m and
s before we created t enpTi ne.

Finally, we return the newly created object. Since we are not
using a reference, the compiler will make a copy of t enpTi ne,
then return the copy. The compiler is responsible for destroying
this copy, so you don’t have to worry about it.

return tenpTine;

}

oper at or *=() is called when the *= operator is used to
multiply a Ti me object by a constant. Notice that oper at or *=()
does not return a value because the multiplication is performed
inside the Ti ne object that appears as the first operand:

void Tine::operator*=( short num)

{
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Each of the Ti ne object’s data members is multiplied by the
specified short:

hours *= num
m nutes *= num
seconds *= num

Since we won’t be creating a new Ti me object, we call
Nor mal i zeTi me() to fix any overflow problems that may have
just been caused:

Nor mal i zeTi me() ;

In general, your overloading functions return a value if it
makes sense for the operator being overloaded. If the
operator includes an =, chances are you’ll make your

changes in place and won't return a value, as we did
with oper at or *=() . If the operator doesn’t include an
=, you'll most likely return a value, as we did with
operator+().

Before you make the decision, build a few expres-
sions using the operator under consideration. Do the
expressions resolve to a single value? If so, then you
want your overloading function to return a value.

mai n() starts by defining two Ti e objects (the values in
parentheses represent the hours, m nutes, and seconds,
respectively):

int main()

{
Tine firstTinme( 1, 10, 50 );
Tinme secondTine( 2, 24, 20 );

Next, a third Ti e object is created, this time via a call to the Ti ne
constructor that doesn’t take any parameters.

Time suni ne;
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Di spl ay() is called to display the data members of the two
Ti ne objects, and then a line is drawn under the two Ti nes:

firstTinme.Display();
secondTi ne. Di spl ay();

COUt << "-cmmmann \n":
Here are the results:
(1:10: 50)
(2:24: 20)

Next, the + operator is used to add the two Ti nes together,
and the resulting object is displayed:

sunfine = firstTinme + secondTi ne;
sunili me. Di spl ay();

Here’s what this result looks like:
(3:35:10)
Now, two more lines are sent to the console:

cout << "* 2\n":
cout << "-------- \n":

Here’s what they look like:

These lines indicate that we’ll be multiplying our previous result
by 2.

We accomplish this multiplication by using the * = operator
and then display the results:

sunili me *= 2;
sunili me. Di spl ay();
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return O;

}

Here’s the final time:
(7:10: 20)

If you like, try substituting your own numbers and run the
program again.

A Few Now that you've mastered the basics of operator overloading,
Restrictions You need to be aware of a few restrictions. First, you can only
overload C++’s built-in operators (see Figure 7.1). This means
that you can’t create any new operators. You can’t suddenly

assign a new meaning to the letter z, for example.

FIGURE 7.1 Over loacdable Operators
You can overload these

operators. + - * / %

N & | ~ !

, = < > <=
>= ++ -- << >>
== 1= && ” +=
-= /= 0p= N= &=
|= *= <<= >>= 1

0 -> ->*  new delete

Second, it may not be obvious from Figure 7.1, but there are a
few built-in operators that you can’t overload (see Figure 7.2).

FIGURE 7.2 Monover loadahble Operators
You can't overload
these operators. ) * - ?: sizeof()

Third, you can’t change the way an operator works with a
predefined type. For example, you can’t write your own
oper at or () function to add two i nt s together.
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Here’s a rule of thumb for you. If you want the compiler
to even consider calling your overloading function, ei-
ther make the function a class member function, or else
make one of its parameters an object. Remember, the
compiler will complain if you write an oper at or ()
function designed to work solely with C++'s built-in types.

Fourth, when you overload the ++ and - - operators, you'll
have to provide two versions of the oper at or function, one to
support prefix notation and one to support postfix notation. The
compiler distinguishes between the two by checking for a dummy
i nt parameter. Prefix version of your oper at or function shouldn’t
have any parameters, while the postfix version takes a singlei nt .

Here’s an example of a prefix and postfix ++ overload-
ing operator for the Ti me class from our last program.
First, the prefix oper at or function:

Ti me operator ++()

{
*this = *this +1;
return *this;

}

Now here’s a version of the postfix oper at or
function:

Ti me operator++( int )

{

TimeaTime = *this;

*this = *this + 1;
return aTi ne;

}

Notice the unused i nt parameter in the postfix
oper at or ++() function. That's how the compiler iden-
tifies this function as postfix. Finally, you'll want to add a



170 Chapter 7

Covering All
the Bases

new version of oper at or +() to handle adding 1 to a
Ti me object (as we do in the two functions above):

Time Ti me: :operator+( int num)

{

hours += 1;

return *this;

}

Go ahead and add this code to your program. Don't
forget to add the function declarations to your Ti ne
class declaration.

Fifth, you can’t change an operator’s precedence by overload-
ing it. If you want to force an expression to be evaluated in a
specific order, use parentheses.

Sixth, overloading functions cannot specify default param-
eters. This restriction makes sense since a function with default
parameters can be called with a variable number of arguments.
For example, you could call the function

MyFunc( short a=0, short b=0, short c=0 )

using anywhere from zero to three arguments. If an oper at or ()
function allowed default parameters, you’d be able to use an
operator without any operands! If you did that, how would the
compiler know which overloading function to call? You get the idea.

Seventh, you can’t change the number of operands handled
by an operator. For example, you couldn’t make a binary opera-
tor unary.

Earlier in the chapter, we looked at a function that overloaded the
+ operator and was designed to add the pri ce of twoMenul t ens
together:

float operator+( Menultemiteml, Menultemiten? )
{
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return( iteml. GetPrice() + itenR. GetPrice() );
}

When the compiler encountered an expression like
chi cken + houseW ne

where both chi cken and houseW ne were declared as
Menul t ens, it called oper at or +() , which passed the two oper-
ands as parameters. Thef | oat produced by adding both pri ces
together was returned as the result of the expression.

What happens when the compiler evaluates an expression like

chi cken + houseWne + appl ePie

This expression seems innocent enough, but look at it from the
compiler’s viewpoint. First, the subexpression

chi cken + houseW ne

is evaluated, resolving to af | oat . Next, this f | oat is combined
with appl ePi e in the expression

<float> + applePie

Hmmm...what does the compiler do with this expression? We
designed an overloading function that handles the + operator
when its operands are both Menul t ens, but we don’t have one
that handles af | oat as the first operand and aMenul t emas the
second operand.

Now take a look at the following expression:

chi cken + (houseW ne + appl ePi e)

First, the compiler evaluates the subexpression
(houseWne + appl ePi e)

resolving it to a f | oat . That leaves us with the expression

chi cken + <fl oat>
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Once again, we designed an oper at or +() function that handles
+ and two Menul t ens, but we don’t have one that handles a
Menul t emas the first operand and a f | oat as the second operand.

Overloading an Overloading Function

As you can see, you frequently need more than one version of the
same oper at or () function. To accomplish this task, you use a
technique introduced back in Chapter 4, function overloading.
Just as with any other function, you can overload an oper a-
t or () function by providing more than one version, each with its
own unique signature.

Remember, a function’s signature is based on its para-
meter list and not on its return value.

How Many Versions Are Needed?

Figuring out how many versions of an oper at or () function to
provide is actually pretty straightforward. Start by making a list
of the number of possible types you want to allow for each of the
operator’s operands. Don't forget to include the type returned by
your oper at or () function.

In the previous example, we wanted oper at or +() to handle
a float or a Menultemas either operand, which yields the
possibilities shown in Figure 7.3. The left column shows the possi-
bilities for the left operand; the right column shows the possibili-
ties for the right operand. Your list will havel ef t * ri ght entries
in it, where | ef t is the number of types allowed for the left
operand andr i ght is the number of types allowed for ther i ght
operand.

Figure 7.3 lists four possible operand combinations. The first
case involves an expression of the form

<float> + <fl oat>
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FIGURE 7.3

Possible operands for
the + operator, given
that each operand can
be either a float or a
Menultem.

float float

float Menultem
Menultem float
Menultem Menultem

As pointed out earlier, you can’t create an oper at or () function
based solely on built-in types. Fortunately, the compiler does a
perfectly fine job of adding two f | oat s together.

With this first case taken care of by the compiler, we're left to
construct the remaining three oper at or +() functions. Our next
program, menu, uses function overloading to do just that.

An Overloader Overloading Example

Close the current project by selecting Close Project from the
Project menu. When prompted for a project file to open, go up
to the THI NC++ Proj ect s folder, open the subfolder named
Chap 07. 02 - nenu, and open the project file named nenu. p.
Next, run menu. p by selecting Run from the Project menu.
Here’s what you'll see:

Menul tem : operator+( Menultemitem)
operator+( float subtotal, Menultemitem)

Total : 15.969999

Menul tem : operator+( Menultemitem)
Menul tem : operator+( float subtotal )

Total : 15.969999

Hit a return to exit menu. Let’s take a look at the source code.

The menu Source Code
menu starts with two include files and a single constant:

#i ncl ude <i ostream h>
#i ncl ude <string. h>
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const short kMaxNaneLength = 40;

Next, the Menul t emclass is declared. The Menul t emclass
contains two data members. pri ce lists the price of the item
while name contains the item’s name as it might appear on a
menu:

I R R T Menul t em

class Menultem

{

private:
fl oat price;
char nane[ kMaxNamelLength ];

Notice that both data members are marked as pri vat e, which
shouldn’t be a problem since we won’t be deriving any new
classes from Menul t em

The Menul t em class features four member functions. The
constructor, Menul t em( ), initializes the Menul t emdata mem-
bers; the Get Pri ce() function returns the value of the pri ce
data member:

publi c:
Menultem( float itenPrice,
char *itemName );
fl oat GetPrice();

The two oper at or +() functions handle the cases where a
Menul t emobject appears as the first operand to the + operator. If
the second operand is also a Menul t em the first of the two
functions is called; if the second operand is a f | oat, the second
function is called:

fl oat operator+( Menultemitem);
fl oat operator+( float subtotal );

s

The Menul t en{) constructor copies its first parameter into
the pri ce data member, and then it uses st rcpy() to copy the
second parameter into the name data member:
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Menultem : Menultem( float itenPrice, char *itemNane )
{

price = itenPrice;
strcpy( name, itemNane );
}

For the sake of simplicity, we used st r cpy() to copy
the parameter into nane. The Enpl oyee constructor in
Chapter 5's first sample program provides a safer alter-
native. Check it out.

CGet Pri ce() returns the value stored in the data memberpri ce.

float Menultem: GetPrice()
{

}

return( price );

The first version of oper at or +() handles expressions of the
form

<Menul ten> + <Menultent

First, it prints out a message showing which oper at or +() func-
tion is called:

float Menultem:operator+( Menultemitem)

{

cout << "Menultem :operator+( Menultemitem)\n";

Next, it adds together the two versions of pr i ce representing the
left and the right operands. Get Pri ce() retrieves the pri ce of
the left operand (the Menul t emacting as the current object), and
item Get Price() retrieves thepri ce of the right operand (the
Menul t empassed as a parameter). The sum of these two pri ces
is returned as a f | oat :

return( CGetPrice() + itemGetPrice() );
}
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The second version of oper at or +() handles expressions of
the form

<Menul ten» + <float>

First, it prints out a message showing which oper at or +() func-
tion is called:

float Menultem:operator+( float subtotal )

{

cout << "Menultem :operator+( float subtotal )\n";

Next, it adds together the pri ce of the current object, retrieved
by calling Get Pri ce(), and the f| oat passed as a parameter.
The sum is returned as a f | oat :

return( GetPrice() + subtotal );
}

The third version of operator +() is, by necessity, not a
member function of any class. To understand why this is so, take a
look at the expressions this version of oper at or +() is designed
to handle:

<fl oat> + <Menultenp

As mentioned earlier, the compiler uses the first operand to
determine how the overloading oper at or () function is called.
If the first parameter is an object, that object is used to call the
oper at or () function and all other operands are passed to the
function as parameters. If the first parameter is not an object, the
compiler’s list of candidate overloading functions is reduced to
the program’s nonclass oper at or () functions. Once a matching
function is located, the compiler calls it, passing all of the oper-
ands as parameters.

Just like its compatriots, the third version of oper at or +()
starts by printing a message showing which oper at or +() func-
tion is called:

A e e oper at or +()
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float operator+( float subtotal, Menultemitem)

{

cout <<
"operator+( float subtotal, Menultemitem)\n";

Next, thef | oat and theMenul t ends pri ce, retrieved by calling
CGet Pri ce(), are added together and returned as af | oat :

return( subtotal + itemGetPrice() );

}

OK, here comes the good stuff! mai n() declares three
Menul t emobjects, initializing each with a pri ce and a nane:

I R R mai n()

int main()

{
Menul tem chicken( 8.99, "ChickenKievwthsalad");

Menul tem houseWne( 2.99, "Rieslingbythe glass" );
Menul tem applePie( 3.99, "Apple Pie a |la Mode" );

mai n() also declares a f | oat used to hold the result of our
Menu addition.

fl oat total ;

Next, the three Menul t ens are added together, the result
stored int ot al , and the t ot al printed.

total = chicken + houseWne + appl ePi e;
cout << "\nTotal: " << total
<< Il\n\ n";

When the compiler encounters the expression
chi cken + houseWne + appl ePie
it first processes the subexpression

chi cken + houseW ne
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Since we're adding two Menul t ens together, the compiler calls
the first of our three oper at or +() functions, as shown by the
first line of output:

Menul tem : operator+( Menultemitem)

Next, this subtotal is used to process the remainder of the
expression:

<subtotal > + appl ePi e

Since we're now adding a f| oat to a Menul t em the compiler
calls the third oper at or +() function, as shown by the next line
of output:

operator+( float subtotal, Menultemitem)
Once the calculations are complete, the total is printed:

Total : 15.969999

Why 15.969999 instead of 15.97? Since we are using
the default settings of the i ost r eamlibrary, we don’t
have much control over the precision used to print
f I oat s. In our next chapter, we’ll explore the mecha-
nisms you can use to fine-tune your i ost r eamoutput.

Then, the three Menul t ems are added together again, this
time with a slight wrinkle—the addition of parentheses wrapped
around the last two operands:

total = chicken + (houseWne + appl ePie);

These parentheses force the compiler to start by evaluating the
subexpression

(houseW ne + appl ePi e)
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Special
Cases

/N

Once again, we're adding two Menul t ers together, as shown by
the next line of output:

Menul tem : operator+( Menultemitem)

Next, this subtotal is used to process the remainder of the expres-
sion:

chi cken + <subtotal >

Since we're now adding a Menul t emto a f | oat, the compiler
calls the second oper at or +() function, as shown by the follow-
ing line of output:

Menul tem : operator+( float subtotal )
Finally, the total is printed a second time:
cout << "\nTotal: " << total;

return O;

}
As expected, this matches the earlier total:

Total : 15.969999

The remainder of this chapter is dedicated to a few special cases.
Specifically, we'll focus on writing oper at or () functions that
overload the new, del ete, (), [],->, and = operators.

One characteristic shared by each of these operators is
that they can only be overloaded by a nonstatic class
member function. Basically, this means that you won’t
be using the non-class oper at or () function strategy
from our previous example for any of the operators in
this section.
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Overloading new and delete

There are two ways you can overload newand del et e. You can
create two member functions named operator new() and
oper at or del et e() as part of your class design. You might do
this if you wanted to implement your own memory management
scheme for a specific class.

Another way to overload newand del et e is to overload the
global newand del et e operators by providing oper at or new( )
and oper at or del et e() functions that are not members of a
class. You might do this if you wanted newand del et e to always
initialize newly allocated memory.

Whatever your reasons for overloading new anddel et e,
proceed with caution. No matter how you do it, once you
overload new and del et e, you are taking on a big
responsibility, one that can get you in deep trouble if you
don’t handle things properly.

An operator new Example

Here’s a small example you can use as the basis for your own new
and del et e oper at or () functions. Close the current project by
selecting Close Project from the Project menu. When
prompted for a project file to open, go up to the THI NC++
Pr oj ect s folder, open the subfolder named Chap 07. 03 - new,
and open the project file named new. p. Next, run new. p by
selecting Run from the Project menu. Here’s what you'll see:

new. 2 hbyte(s).
delete: 2 byte(s).

Hit a return to exit new. Let’s take a look at the source code.
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The new Source Code
newstarts with a #i ncl ude you’ve seen before:

#i ncl ude <i ostream h>

new defines a class named Bl ob, which doesn’t do much, but
it does contain overloading functions for newand del et e:

I L e Bl ob
cl ass Bl ob
{
publi c:
void *operator new( size_t blobSize );
void operator delete( void *blobPtr,
size_t bl obSize );
1

There are lots of details worth noting in the newand del et e
oper at or () functions. First, notice the space between the words
oper at or and newand between oper at or and del et e. With-
out the space, the compiler might think you were creating a
function called oper at or new( ), a perfectly legal C++ function
name.

Next, note that oper at or new() returns a voi d *. This is
required. In general, your version of new will return a pointer to
the newly allocated object or block of memory. If your memory
management scheme calls for relocatable blocks, you might want
to return a handle (pointer to a pointer) instead. The choice is
yours.

void *Blob::operator new size_t blobSize )

{

cout << "new. " << blobSize << " byte(s).\n";
return new char[ bl obSize ];

}

The oper at or newfunction must take at least one parameter of
type si ze_t . The value for this parameter is provided automati-
cally by the compiler and specifies the size of the object to be
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allocated. Any parameters passed to new will follow the si ze_t

in the parameter list.

void Blob::operator delete( void *blobPtr,

The oper at or del et e function never returns a value and
must be declared to return a voi d. del et e always takes at least
one parameter, a pointer to the block to be deleted. The second
parameter, aSi ze_t, is optional. If you provide it, it will be filled
with the size, in bytes, of the block pointed to by the first parameter.

bl obSi ze )

{

}

cout

del e

<< "delete: " << blobSize << " byte(s).\n";

te [] blobPtr;

Sometimes the size passed as the second parameter to
oper at or del et e() isn’'t quite what you expected. If
the pointer being del et ed is a pointer to a base class
yet the object pointed to belongs to a class derived from
the base class, the second parameter to oper at or
del et e() will be the size of the base class.

There is an exception to this rule. If the base class’s
destructor is vi rt ual , the si ze parameter will hold
the proper value, the size of the object actually being
del et ed.

Overloading del et e and newis tricky work. If you
plan on writing your own oper at or () functions for
newand del et e, check out section 12.5 in The Anno-
tated C++ Reference Manual.

mai

n() creates a new Bl ob and then deletes it:

int main()

{

Bl ob

*bl obPtr;

size_t
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bl obPtr = new Bl ob;
del ete bl obPtr;

return O;

}

When the Bl ob is created, the overriding newis called, and
the following line of output appears:

new. 2 byte(s).

Where did the value 2 come from? This value is actually compiler
dependent. THIN C++ allocates a minimum of 2 bytes for an
object, regardless of whether the object has any data members or not.

When the object is deleted, the overloaded version of del et e
is called, and the next line of output is generated:

delete: 2 byte(s).

Overloading ()

The next special case is the function that overloads the () opera-
tor, also known as the function call operator. One reason to overload
the function call operator is to provide a shorthand notation for
accessing an object’s critical data members. As mentioned earlier,
() can only be overloaded by a nonstatic class member function.
Here’s an example.

An operator() Example

Close the current project by selecting Close Project from the
Project menu. When prompted for a project file to open, go up
to the THI NC++ Pr oj ect s folder, open the subfolder named
Chap 07. 04 - cal |, and open the project file named cal | . p.
Next, run cal | . p by selecting Run from the Project menu.
Here’s what you'll see:

Price of Stinpy doll: $36.990002
Price with 4.5%tax: $38.654552
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Hit a return to exit cal | . Let’s take a look at the source code.

The call Source Code
cal | starts with the standard #i ncl ude:

#i ncl ude <i ostream h>

Next, cal | defines an | t emclass. An | t emobject represents
an item for sale at Uncle Ren’s Toy-o-rama. For the purpose of this
example, I've kept things pretty simple. | t emfeatures a single
data member, pri ce, and two member functions, the |t en()
constructor and a function designed to overload the call operator:

I e [tem

class Item

{ .
private:
fl oat price;
publi c:
Item( float itenmPrice );
float operator()( float taxRate = 0 );
1

The | t en()) constructor copies its parameter into the pri ce
data member:

Item:ltem( float itenPrice )
{

}

price = itenPrice;
The oper at or () () function may look odd, but the syntax
using two pairs of parentheses is correct:

float Item:operator()( float taxRate )

{

The first pair of parentheses designates the operator being over-
loaded; the second pair surrounds any parameters being passed



Operator Overloading 185

to the function. In this case, one parameter, t axRat e, is specified.
Notice that t axRat e has a default value of 0. You'll see why in a
minute.

The oper at or () () function takes the specified t axRat e
and applies it to the | t ends pri ce, returning the | t enfs total price:

return( ((taxRate * .01) + 1) * price );
}

Since the function call operator can only be overloaded
by a class member function, the previous reference to
pri ce refers to the data member of the object used in
combination with the call operator.

mai n() starts by creating an | t emobject. The Stimpy doll
was Uncle Ren’s biggest seller last year (although Log came in a
close second):

int main()
{ Item stinpyDoll( 36.99 );
Here’s where the call overload comes into play:
cout << "Price of Stinpy doll: $" << stinpyDoll();
By taking advantage of the default parameter, the function call

stimpyDol | ()

returns st i npyDol | ’s pri ce. We could have accomplished the
same thing by coding

stinpyDol|.price

or

stinmpyDoll ( 0 )
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Next, we use the same function to calculate the cost of the doll
with 4.5% tax included:

cout << "\nPrice with 4.5%tax: $"
<< stinpyDoll ( 4.5 );

return O;

}

Once again, we take advantage of the overloaded function call
operator. This time, we provide a parameter. Notice that the same
overloading function is used for two different (though closely
related) purposes.

You may have noticed that the Stimpy doll’s price (in-
cluding tax) printed as

Price with 4.5%tax: $38.654552

Wouldn't it be nice if you could trim the price to $38. 65
(who needs those extra digits, anyway)? Well, stick
around until Chapter 8, where you'll learn how to cus-
tomize i ost r eamin all sorts of ways.

The key to properly overloading the function call operator is
to use it to provide access to a key data member. If your object
represents a character string, you might overload () to provide
access to a substring, using a pair of parameters to provide the
starting position and length of the substring.

Another strategy uses () as an iterator function for accessing
data kept in a sequence or list. Each call to () bumps a master
pointer to the next element in the list and returns the new data
element. No question about it, the function call operator is a
useful operator to overload.
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Overloading []

Another useful operator to overload is [ ], also known as the
subscript operator. Although it can be used for other things, [] is
frequently overloaded to provide range checking for arrays. You'll
see how to do this in a moment.

The subscript overloading syntax is similar to that of the
function call operator. In the statement

myChar = nyQbject|[ 10 ];

the [ ] overloading function belonging to the same class as
my Qbj ect is called with a single parameter, 10. The value re-
turned by the function is assigned to the variable ny Char .

On the flip side of the coin, the [ ] overloading function must
supporta [] expression on the left side of the assignment state-
ment, like so:

myObj ect[ 10 ] = nyChar;

The next example shows you how to properly overload [ ] .

An operator[ ] Example

Close the current project by selecting Close Project from the
Project menu. When prompted for a project file to open, go up
to the THI NC++ Pr oj ect s folder, open the subfolder named
Chap 07.05 - subscript, and open the project file named
subscri pt. p. Next, run subscri pt. p by selecting Run from
the Project menu. Here’s what you'll see:

B. X. dinton
i ndex out of bounds!!!
Z. X. dinton

Hit a return to exit subscri pt . Let’s take a look at the source
code.
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The subscript Source Code

subscri pt starts with some familiar#i ncl udes and a constant
that is used to declare a string data member:

#i ncl ude <i ostream h>
#i ncl ude <string. h>

const short kMaxNanelLength = 40;

The Nane class is fairly simple. It is designed to hold a NULL-
terminated string containing a person’s name as well as a shor t
containing the length of the string:

cl ass Nane

{

private:
char nameString[ kMaxNaneLength ];
short nanelLengt h;

The member functions include a constructor as well as two
operator overloading functions. One function overloads [ ] ; the
other overloads () :

publi c:
Name( char *name );
voi d operator()();
char &operator[]( short index );

b

The constructor copies the provided string to the naneSt ri ng
data member and places the length of the string in the narmeLengt h
data member:

Nane: : Nane( char *name )

{
strcpy( nameString, nanme );
naneLength = strlen( nane );

}
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The () operator overloading function simply prints the char-
acter string in naneSt ri ng:

void Name::operator()()
{

}

cout << naneString << "\n";

The [ ] operator overloading function takes a single param-
eter, an index into the character string. Notice the unusual return
type. By specifying a char reference as a return type, the function
ensures that the [] operator can appear on either side of an
assignment statement. Essentially, an expression such as

myQbj ect[ 0 ]

is turned into a char variable containing the character returned
by the [ ] overloading function:

char & Nane: :operator[]( short index )

{

Here’s the real advantage to overloading the [] operator.
Before you access the specified character, you can first do some
bounds checking, making sure the character is actually in the
character string! If the specified i ndex is out-of-bounds, we print
a message and point to the first character in the string. In real life,
you’d probably want to jump to some error-handling code, but
I've decided to keep things simple here:

if ( (index <0 ) || ( index >= naneLength ) )
{

cout << "index out of bounds!!!\n";
return( nanmeString[ 0] );

}
If the i ndex is in bounds, the specified character is returned:

el se
return( nameString[ index ] );
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mai n() contains the proof of the pudding. First, a Nane
object is created, bearing a presidential tag;:

int main()

{
Name pres( "B. J. dinton" );

Next, the fourth character in the string is replaced by the charac-
ter ‘X"

pres[ 3] ='X;
pres();

When pres() is called, the modified string is displayed:
B. X dinton

Then, the character ‘Z’ is placed well out-of-bounds and the string
is displayed again:

pres[ 25 ] ="'Z";
pres();

return O;

}

The [] overloading function lets you know that the specified
index is out-of-bounds and the assignment is performed on the
first character of the string instead:

i ndex out of bounds!!!
Z. X. dinton

Overloading ->

Next on the special cases list is the - > operator, also known as the
member access operator. Like the other operators presented in this
section, overloading - > provides a shorthand notation that can
save you code and add an elegant twist to your program.
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When the compiler encounters the - > operator, it checks the
type of the left-hand operand. If the operand is a pointer, - > is
evaluated normally. If the operand is an object or object reference,
the compiler checks to see whether the object’s class provides an
- > overloading function.

If no - > overloading function is provided, the compiler re-
ports an error, since the - > operator requires a pointer, not an
object. If the - > overloading function is present, the left operand
is used to call the overloading function. When the overloading
function returns, its return value is substituted for the original left
operand, and the evaluation process is repeated. When used this
way, the - > operator is known as a smart pointer.

If these rules sound confusing, hold on. The next example
should make them loud and clear.

An operator-> Example

Close the current project by selecting Close Project from the
Project menu. When prompted for a project file to open, go up
to the THI NC++ Pr oj ect s folder, open the subfolder named
Chap 07.06 - smartPtr, and open the project file named
smart Ptr. p. Next, run snmar t Pt r. p by selecting Run from the
Project menu. Here’s what you'll see:

Nane: Bill Cinton

Hit a return to exit smart Pt r. Let’s take a look at the source
code.

The smartPtr Source Code

smart Pt r starts with some #i ncl udes and a constant that you
know and love:

#i ncl ude <i ostream h>
#i ncl ude <string. h>

const short kMaxNanelLength = 40;

smart Pt r defines two classes. The Nanme class holds two
zero-terminated strings containing a person’s first and last names.
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The member function Di spl ayName() displays the name in the
console window:

cl ass Nane

{ .
private:
char first[ kMaxNanmeLength ];
char last[ kMaxNanmeLength ];
publi c:
Name( char *lastNane, char *firstNanme );
void DisplayNane();
i

Name: : Nane( char *| astNanme, char *firstNanme )

{
strcpy( last, lastName );

strcpy( first, firstName );

}
void Nane:: D spl ayNanme()
{
cout << "Nane: " << first << " " << |ast;
}

The Pol i ti ci an class represents a politician. To keep things
simple, the info is limited to the politician’s age and a pointer to a
Name object containing the politician’s name:

A e e Politician

class Politician
{ .
private:
Name *nanePtr;
short age;

publi c:
Politician( Name *namePtr, short age );
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The Politician class also contains a member function designed to
overload the - > operator. The function returns a pointer to the
politician’s Nane object (the fact that it returns a pointer is key, as
you'll see):

Nare *operator->();
s
Politician::Politician( Name *nanePtr, short age )
{

t hi s->nanmePtr = namePtr;
t hi s- >age = age;

}
Name *Politician::operator->()
{
return( namePtr );
}

mai n() embeds a last and first name into a Nanme object and
then uses that object to create a new Pol i ti ci an object (so far,
no big deal):

int main()

{
Narme myNanme( "Cinton", "Bill" );
Politician billdinton( &ryNane, 46 );

Next, the Pol i ti ci an object is combined with the smart pointer
to call Di spl ayName() :

bill dinton->Di spl ayNane();

return O;

There are several problems here. First, bi | | C i nt on is an object
and not a pointer, yet it is used with the - > operator. Second, the
member function Di spl ayNane() is not a member of the
Politician class. How can it be called directly from a
Pol i ti ci an object?
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Basically, the - > overloading function is doing its thing as a
smart pointer by bridging the gap between a Pol i ti ci an object
and a Nane member function. When the compiler encounters the
- > operator, it checks the type of the left operand. Since
bi I I C i nton is not a pointer, the compiler checks for an - >
overloading function in the Pol i ti ci an class. When the over-
loading function is found, it is called, using bi | | Cl i nt on as the
current object. The function returns a pointer to a Nane object.
The compiler substitutes this return value for the original, yielding

namePt r - >Di spl ayNane() ;

The compiler again checks the type of the left operand. This time,
the operand is a pointer and the - > operator is evaluated nor-
mally. The namePtr is used to call the Name function
Di spl ayName( ), resulting in the following line of output:

Nanme: Bill dinton

As you can see, overloading the - > operator provides a shortcut
that allows you to run a direct line between two different classes.

You can take this model one step further by supposing
that the - > overloading function returns a Namne object
rather than a pointer to a Nane object. The compiler
then substitutes the Nane object in the original expres-
sion and reevaluates:

nmy Nane- >Di spl ayNane() ;

Once again, since the left operand is an object and not a
pointer, the left operand’s class is examined in search of
another - > overloading function. This substitution and
call of - > overloading functions is repeated until a pointer
is returned (the end of the chain is reached). Only then
is the - > operator evaluated in its traditional form.

You can use this technique to walk along a chain of
objects. Each - > overloading function evaluates some
criteria, returning an object if the search should con-
tinue or a pointer if the end condition has been met.
C++ is cool, eh?
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Overloading =

And now, finally, we’ve reached the last of the special cases, the
operator=() function. Why overload the = operator? To best
understand why, take a look at what happens when you assign
one object to another.

Suppose you define a St r i ng class, like this:

class String

{ .
private:
char *s;
short stringlLengt h;
publi c:
String( char *theString );
s

The data member s points to a null-terminated string. The data

member st ri ngLengt h contains the length of the string. The

constructor St ri ng() initializes both data members. Notice that no

memory has been allocated for s. This is done inside the constructor.
Now suppose you create a pair of St ri ngs, like this:

String source( "from' );
String destination( "to" );

And then, you assign one of the St ri ng objects to the other, like
this:

destinati on = source;

What happens?

As it turns out, the = operator copies one object to another by
a process called memberwise assignment. Basically, this means
that each data member within one object is copied, one at a time,
to the corresponding data member in the receiving object.

The trouble with memberwise assignment is in the way it
deals with allocated memory, such as you’d find with a null-
terminated character string. When one (char *) is copied to
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another, the address stored in the (char *) is copied, not the data
pointed to by the address. Once the statement

destination = source;

executes, both St ri ngs point to the same null-terminated string
in memory. The default = operator isn’t smart enough to allocate
the appropriate amount of new memory and then use st r cpy ()
to make a copy of the string. That’s where oper at or =() comes in.

If you want the ability to assign the contents of one object to
another, and the objects contain allocated memory, you’'ll have to
write a smart = overloading function that knows how to do it
right. Here’s an example.

An operator= Example

Close the current project by selecting Close Project from the
Project menu. When prompted for a project file to open, go up
to the THI NC++ Proj ect s folder, open the subfolder named
Chap 07. 07 - equal s, and open the project file named equal s. p.
Next, run equal s. p by selecting Run from the Project menu.
Here’s what you'll see:

String address: 3259462
String address: 3259472

String address: 3259462
String address: 3261024

Hit a return to exit equal s. Let’s take a look at the source
code.

The equals Source Code
equal s starts with the same old #i ncl udes:

#i ncl ude <i ostream h>
#i ncl ude <string. h>
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The St ri ng class described earlier is defined next, with a few
additions:

I L R R String
class String
{

private:

char *s;
short stringlLength;

The constructor still allocates the memory for the specified
string, but now several new functions are added:

publi c:
String( char *theString );
~String();
voi d Di spl ayAddress();
String &operator=( const String & ronttring );

s

The constructor starts by calculating the length of the speci-
fied string, storing the result in st ri ngLengt h. Next, newis
used to allocate the proper amount of memory (the extra byte is
for the null terminator at the end of the string). Finally, st r cpy/()
is called to copy the source string to the data member s:

String::String( char *theString )

{
stringLength = strlen( theString );

s = new char[ stringLength + 1 ];

strcpy( s, theString );
}

If s is declared as an array of fixed size, instead of as a
dynamic string pointer, memberwise initialization works
just fine since the memory for the array is part of the
object itself. Since s points to a block of memory outside
the object, memberwise initialization passes it by.
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The St ri ng destructor uses del et e to destroy the array of
char s pointed to by s:

String::~String()
{

delete [] s;

}

The member function String: : Di spl ayAddr ess() pro-
vides a shorthand way of displaying the address of the first byte
of a string;:

void String::DisplayAddress()
{

cout << "String address: " << (unsigned long)s <<
"\'n";

Here's the = overloading function. Just like operator[] (),
this function must return an l-value. In this case, we return a
reference to a St r i ng object. We also take a St r i ng reference as
a parameter. Use the following sample code as a template for all
your oper at or =() functions:

String &String::operator=( const String & ronttring)
{

Since you can only assign an object to another object of
the same class, the type of the return value will always
agree with the type of the parameter. const in the
parameter declaration just marks the parameter as read-
only.

oper at or =() starts by freeing up the memory occupied by
the old string. Next, the new value for the data member
stringlLengt h is copied from the source Stri ng. After that,
newis used to allocate a block for the new string, and st r cpy()
is used to copy the source string into s:
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delete [] s;

stringLength = fronftring. stringlLength;
s = new char[ stringLength + 1 ];
strcpy( s, fromBtring.s );

Since t hi s is a pointer to the current object, *t hi s is the
object itself. We return* t hi s to satisfy our need to return an l-value.

return( *this );

}

mai n() puts everthing to the test. First, two St r i ng objects
are created and initialized:

int main()

{
String captain( "Picard" );
String doctor( "Crusher" );

Next, the address of each St ri ng’s string is displayed, using the
overloaded () operator:

capt ai n. Di spl ayAddress();
doct or. Di spl ayAddress();

The result is the following two lines of output:

String address: 3259462
String address: 3259472

Notice that the addresses of the two strings are different.
Now, a separator line is printed:

cout << "----\n";

Here’s the result:
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Summary

Then, the object capt ai n is assigned to the object doct or,
and the addresses of the two text strings are again displayed:

doctor = captain;

capt ai n. Di spl ayAddress();
doct or. Di spl ayAddr ess();

return O;

}

Again, notice that the addresses are different:

String address: 3259462
String address: 3261024

If the= operator is not overloaded, the address of the capt ai n
string simply copies into the doct or object’s s data member and
both addresses are the same. Want to prove this? Easy. Comment
out the oper at or =() function (every single line, not just the
insides) as well as its declaration inside the St r i ng class declara-
tion, and run the program again. Without the oper at or =()
function, the St ri ng destructor would try to del et e the same
block of memory twice!

To open a source code file, either select Open from the
File menu or double-click on the file name in the project
window. Once you make your changes, run the program
again by selecting Run from the Project menu.

Congratulations are definitely in order here! Personally, I think
that operator overloading is one of the most difficult part of C++
to understand but provides the most fun in experimentation.

Well, the fun isn’t over yet. In Chapter 8, You're going to dive
into i ost r eam You'll find out how to overload the << and >>
operators, giving you more control over your output, and you'll
learn the difference between file handling in C and file handling
in C++. Let’s go!
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Inside
10stream

Every sample program in this
book has taken advantage
of C++’s iostream library.
This chapter takes a closer
look at iostream’s rich fea-
ture set.
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istream and ostream
Working with istream and ostream
Some Useful Utilities
Working with Files
Reading Data from a File

ThlS Chapter A File-Reading Example

The iostream State Bits
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A strstream Example
Summary

THROUGHOUT THIS BOOK, WE'VE DEPENDED ON
i ostreands insertion operator (<<) for all of our output and
i ost r eanis extraction operator (>>) for all of our input. While
these operators serve us well, there’s much more to i ostream
than has been demonstrated so far.

For example, you can easily customize i 0st r eamso that the
>> and << operators recognize your own personally designed
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The
Character-
Based
Interface

The iostream
Classes

data structures and classes. You can also use i 0st r eamto write
to and read from files or even character arrays. As you'll see,
i ost r eamis a powerful extension of the C++ language.

i ost r eands basic unit of currency is the character. Before a num-
ber is written to a file, it is converted to a series of char s. When a
number is read from the console, it is read as a series of char s and
then, if necessary, converted to the appropriate numerical form
and stored in a variable.

i ost r eamwas designed to support a character-based user inter-
face. As characters are typed on the user’s keyboard, they appear on
the console. When your program has something to say to the user,
itusesi ost r eamto send a stream of characters to the console.

If you plan to write programs for environments such as
the Macintosh, Windows, or perhaps even a graphical
version of Unix (Motif, X-windows, whatever), you'll prob-
ably do all your user-interface development using class
libraries that come with your development environment.
i ost r eamdoesn’t know a thing about pull-down menus,
windows, or even a mouse, but as you'll see, it's more
than a library of user-interface routines.

Even if your user interface isn’t character-based, i ost r eam
still has a lot to offer. You can use the same mechanisms you’d use
to manage your console I/O to manage your program’s file I/O.
The same methods you’d use to write a stream of characters to a file
can be used to write those same characters to an array in memory.
What links these disparate techniques is their common ancestry.

The i ost r eamlibrary is built upon a set of powerful classes. The
i ost r eambase class is named i 0s. While you might not work
directly with an i 0os object, you'll definitely work with i os’
members as well as with classes derived fromi 0s.
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istream and ostream

You've already started to work with two classes derived from
i 0s. The i streamclass is designed to handle input from the
keyboard. ci nis an i st r eamobject that C++ automatically cre-
ates for you. The ost r eamclass is designed to handle output to
the console. cout, cerr, and cl og are ost r eamobjects that are
also automatically created for you. As you've already seen, cout

is used for standard output.cerr and cl og are used in the same
way as cout. They provide a mechanism for directing error
messages.

Usually cerr is tied to the console, although some
operating systems (such as Unix) allow you to redirect
cerr, perhaps sending the error output to a file or to
another console. cer r is unbuffered which means that
output sentto cerr appears immediately on the cerr
device. cl og is a buffered version of cerr and is not
supported by all C++ development environments. To
decide which error output vehicle to use (cl og orcerr),
consult your operating system manual.

Working with istream and ostream

Up to this point, your experience withi ost r eamhas centered on
the extraction (>>) and insertion (<<) operators. For example, the
following code reads in a number, stores it in a variable, and then
prints out the value of the number:

short my Num

cout << "Type a nunber: *";

cin >> nyNum

cout << "Your nunmber was: << nmyNum
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There are a couple of things worth noting in this example.
First, the i ost r eaminput and output are buffered. Just as in C,
all input and all output are accumulated in buffers until either the
buffers are filled or the buffers are flushed. On the input side, the
buffer is traditionally flushed when a carriage return is entered.
On the output side, the buffer is usually flushed either when
input is requested or when the program ends. Later in the chapter,
you’ll learn how to flush your own buffers (how exciting!).

The second feature worth noting is that >> eats up white
space. In other words, >> ignores spaces and tabs in the input
stream. To >>, the line

123
is the same as this line:
123

If you're reading in a series of numbers, this works out pretty
well. But if you're trying to read in a stream of text, you might
want to preserve the white space interspersed throughout your
input. Fortunately, i st r eamoffers some member functions that
are white-space savvy.

get()

The i st r eammember function get () reads a single character

from the input stream. get () comes in three different flavors.
The first version of get () takes achar reference as a param-

eter and returns a reference to ani St r eamobject:

i stream &get (char &destination);

Since get () isani st r eammember function, you can use ci n to
call it (after all, ci n isjust ani st r eamobject):

char c¢;

cin.get( c );
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This version of get () reads a single character from the input
stream, writes the char into its char parameter (c), and then
returns the input stream reference (ci n). Since get () returns the
input stream, it can be used in a sequence, as in the following
example:

char c;
short nyShort;

cout << "Type a char and a short: ";
cin.get( ¢ ) >> nyShort;

This code grabs the first character from the input stream and
stores it in ¢. Next, the input stream is parsed for ashor t, and the
short is placed in my Shor t . If the input to this example were

123

then ¢ would end up with the character 1, while ny Shor t would
end up with the value 23.
The second version of get () is declared as follows:

i stream &get (char *buffer, int length, char
delimter ="'\n");

This version of get () extracts up to | engt h - 1 characters and
stores them in the memory pointed to by buf f er. If the char
del i mi t er is encountered in the input stream, the char is pushed
back into the stream and the extraction stops. For example, the
code

char buffer[ 10 ];
cin.get( buffer, 10, '*' );

starts to read characters from the input stream. If a * is encoun-
tered, the extraction stops, the * is pushed back into the stream,
and a null terminator is placed at the end of the string just read
into buf fer.
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If no * is encountered, nine characters are read into buf f er,
and, again, buf f er is null-terminated. Notice that get () reads
only nn — 1 characters, where n is specified as the second parameter;
get () is smart enough to save one byte for the null terminator.

If the third parameter is left out, this version of get () uses
"\n' as the terminating character. This allows you to use get ()
to extract a full line of characters without overflowing your input
buffer. For example, the code

char buffer[ 50 ];
cin.get( buffer, 50 );

reads up to 49 characters or one line from the input stream,
whichever is shorter. Either way, the string stored in buf f er gets
null-terminated.

The third version of get () is declared as follows:

int get();

This version of get () reads a single character from the input
stream and returns the character, cast as ani nt, as in the follow-
ing example:

i nt c;

while ( (c =cin.get()) !'="'q )
cout << (char)c;

This code reads the input stream, one character at a time, until a g
is read. Each character is echoed to the console as it is read.

The third version of get () returns ani nt and notachar to
allow it to return the end-of-file character. Typically, ECF has a
value of —1. By returning an i nt, get () allows for 256 possible
char values as well as for the end-of-file character. Although EOF
isn’t particularly useful when reading from the console, we’ll use
this version of get () later in the chapter to read the contents of a
file.
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getline()
Anotheri st r eammember function that you might find useful is
getline():

i stream &getline(char *buffer, int length, char
delimter = '\n");

get | i ne() behaves just like the second version of get (), but it
returns the delimiter character instead of pushing it back into the
input stream.

ignore( )
i gnor e() is used to discard characters from the input stream:

istream & gnore(int length =1, int delinmter = EOF);

i gnor e() follows the same basic algorithm as getl i ne().It

reads up to | engt h characters from the input stream and dis-

cards them. This extraction stops if the specified del i mi ter is

encountered. Notice that each of these parameters has a default

value, which allows you to call i gnor e() without parameters.
Here’s an example:

char buffer[ 100 ];
cin.ignore( 3 ).getline( buffer, 100 );
cout << buffer;

This code drops the first three characters from the input stream
and then reads the remainder of the first line of input into buf f er .
Next, the string stored in buf f er is sent to the console. Notice
that the value returned by i gnor e() is used to callget | i ne().
This is equivalent to the following sequence of code:

cin.ignore( 3);
cin.getline( buffer, 100 );

Once again, pick a style you're comfortable with and stick with it.
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peek( )
peek() allows you to sneak a peek at the next character in the
input stream without removing the character from the stream:

i nt peek();

Just like the third version of get (), peek() returns an i nt
rather than a char . This allows peek() to return the end-of-file
character, if appropriate, which makes peek() perfect for peek-
ing at the next byte in a file.

put( )
The ost r eammember function put () provides an alternative to
the << operator for writing data to the output stream:

ostream &put (char c¢);

put () writes the specified character to the output stream. It then
returns a reference to the stream, so put () can be used in a
sequence. Here’s an example:

cout.put( "H ).put( "i" ).put( "!'" );

As you might have guessed, the preceding line of code produces
this friendly message:

Hi !

putback()
put back() puts the specified char back into the input stream,
making it the next character to be returned by the next input
operation:

i stream &put back(char c);

Note that ¢ must be the last character extracted from the stream.
Since put back() returns ani st r eamreference, it can be used in
a sequence, similar to the example combining i gnore() and
get |l i ne() shown earlier.
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seekg() and seekp()

The i st r eammember function seekg() gives you random ac-
cess to an input stream:

i stream &seekg(streanpos p);

Call seekg() to position a stream’s get pointer exactly where
you want it. A second version of seekg() allows you to position
the get pointer relative to the beginning or end of a stream or
relative to the current get position:

i stream &seekg( streanoff offset, relative to
direction );

In this second version of seekg( ), the second parameter is one of
i 0s::beg,ios::cur,orios::end.

The ost r eammember function seekp() gives you random
access to an output stream:

ostream &seekp(streanpos p);

Just like seekg(), seekp() allows you to position a stream’s
put pointer exactly where you want it. seekp() also comes in a
second flavor:

ostream &seekp( streanoff offset, relative_ to
direction );

For more detail on seekg(), seekp(), and their miscellaneous
support routines, browse through <i ost r eam h>.

Some Useful Utilities

To aid you with your stream input and output operations, C++
provides a set of standard utilities that you may find useful (plain
old ANSI C also provides these routines). To use any of the
utilities described in this section, you must include the header file
<ctype. h>.
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Working with
Files

Each of the thirteen functions takes an i nt as a parameter.
The i nt represents an ASCII character. Two of the functions,
t ol ower () and toupper (), map this character either to its
lowercase or its uppercase ASCII equivalent. For example,
tolower( 'A" ) would return ' a', while t oupper ( ' x' )
would return' X' .

The remaining eleven functions return either 1 or 0, depend-
ing on the nature of the character passed in. The function
i sal pha() returns 1 if its argument is a character in the range
"a' through'z' orintherange ' A' through' Z' . The function
i sdi gi t () returns 1 if its argument is a character in the range
'0' through' 9' . The function i sal nun() returns 1 if its argu-
ment causes either i sal pha() ori sdigit() toreturn 1.

The function i spunct () returns 1 if the character is a punc-
tuation character. The punctuation characters are ASCII charac-
ters in the ranges 33-47, 58-64, 91-96, and 123-126 (consult your
nearest ASCII chart). The function i sgr aph() returns 1 if its
argument causes i sal pha(), isdigit(), or i spunct() to
return 1.

i sl ower () returns 1 if the character is in the range ' a'
through' z' .i supper () returns1 if the character is in the range
"A through ' Z' . i sprint() returns 1 if the character is a
printable ASCII character.i scntrl () returns1 if the character is
a control character. i sspace() returns 1 if the character has an
ASCII value in the range 9-13 or if it has a value of 32 (space).
Finally,i sxdi gi t () returns 1 if the character is a legal hex digit
(0-9, a—f, or A-F).

The thirteen functions just described are summarized in the
table in Figure 8.1.

i ost r eamcontains two classes created especially for working
with files. The i f st r eamclass is derived from i st r eamand is
designed to read data from a file. Since i f st r eam inherits
i st reans member functions, you can use an i f st r eamobject
to take advantage of i st r eamfunctions like get () .
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FIGURE 8.1

Some useful utilities.
Don't forget to include
the file <ct ype. h>.

Some Useful Utilities

int isalnum(int); | True if char isalpha() or isdigit().

int isalpha(int); | Is char in range a—z or A—Z?

int iscntrl(int); Is char control character?

int isdigit(int); Is char in range 0-9?

int isgraph(int); | True if char isalpha() or isdigit() or ispunct().
int islower(int); | Is char in range a—z?

int isprint(int); | Is char printable ASCII character?

int ispunct(int); | Is char in ASCII range 33-47, 58-64, 91-96, 123-126?
int isspace(int); | Is char in ASCII range 9-13 or 327

int isupper(int); | Is char in range A to Z?

int isxdigit(int); | Is char in ASCII range 0-9, a—f, A—F?

int tolower(int); | Maps upper case to lower case.

int toupper(int); | Maps lower case to upper case.

The of streamclass is derived from ostreamand is de-
signed to write data to a file. Since of st r eaminherits ost r eans
member functions, you can use an of st r eamobject to take ad-
vantage of 0st r eamfunctions like put () .

Reading Data from a File

The i f st r eamconstructor comes in several varieties. The most
widely used of these takes two parameters:

i fstrean(const char* name, int node=ios::in );

The first parameter is a null-terminated string containing the
name of a file to be opened. The second describes the mode used
to open the file. The legal modes are described in the table in
Figure 8.2. They are declared as part of the i 0s class (check out
<i ostream h>). The default mode isi 0s: : i n, which opens the
tile for reading.
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FIGURE 8.2

These file-opening
modes are declared as
part of the i os class.

File-Opening Mocdes

ios::in Input allowed

ios::out Output allowed

ios::ate Seek to EOF at open

ios::app Output allowed, append only

ios::trunc Output allowed, discard existing contents
ios::nocreate Open fails if file doesn't exist
ios::noreplace | Open fails if file does exist

Some operating systems (such as Unix) support a third,
optional parameter for i f st r eam(and for of st r eam
as well). The third parameter specifies the protection
level used to open the file. In general, the protection
parameter is used only with multiple-user operating sys-
tems where more than one person has access to the
same set of files. Read your development environment
manual to see whether this extra parameter is supported.

Since you’ll most likely want to use the default mode of
i 0s: : i n when you open a file for reading, you can leave off the
last parameter when you create an i f st r eamobject:

i fstream readMe( "My File" );

This definition creates ani f st r eamobject named r eadMe. Next,
it opens a file named My Fi | e for reading, attaching the open file
tor eadMe.

i f st reamobjects have data members that track whether a
file is attached to the stream and, if so, whether the file is open for
reading. If a file is attached and open for reading, a get pointer is
maintained that marks how far you’ve read into the file. Nor-
mally, the get pointer starts life at the very beginning of the file.

Once your file is opened for reading, you can use all of the
i ost r eaminput functions described earlier to read data from the
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file. For example, the following code opens a file and then reads a
single character from it:

char C;
i fstream readMe( "My File" );

readMe. get( c );

A File-Reading Example

Our first sample program uses this technique to read a file and
display the contents in the console window. If THIN C++ is
already running, close the current project by selecting Close
Project from the Project menu. If THIN C++ isn’t running,
launch it by double-clicking on the THI N Pr oj ect Manager .
Either way, when prompted for a project file to open, go into the
THI N C++ Proj ect s folder, open the subfolder named Chap
08. 01 - readMe, and open the project file named r eadMe. p.
Next, run r eadMe. p by selecting Run from the Project menu.
Here’s what you’ll see:

The Darl an- Ferengi wars raged on
for centuries before the final battle,
known as the "Dawn of Arcturus", was fought.

Hit a return to exit r eadMe. Let’s take a look at the source
code.

The readMe Source Code

As usual, r eadMe. cp starts by including <i ost r eam h>. Next,
you'll encounter a new include file, <f st r eam h>, which con-
tains the declarations of the i f st r eamand of st r eamclasses
(take some time and look through this include file; you'll learn a
lot about the nooks and crannies of i 0st r eamfile management):

#i ncl ude <i ostream h>
#i ncl ude <fstream h>
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The iostream
State Bits

mai n() starts by defining ani f st r eamobject named r eadMg,
asking the constructor to open the file named My Fi | e with the
default mode of i 0s: : i n:

int main()

{
ifstream readMe( "My File" );

We're now ready to read the contents of the file.
The variable ¢ is used to hold each character read from the file:

char c;

Next comes awhi | e loop that reads the contents from the file
associated with r eadMe, one character at a time. Each time a
character is successfully read, it is written out to the console.
Notice that the i f st r eamobject r eadMe is used just like the
i st reamobject ci n when it comes to calling get (), which is
true for all of the other i st r eammember functions as well:

while ( readMe.get( c ) )
cout << c;

return O;

}

You may be wondering how this loop ever terminates. Since
get () returns ani st r eamreference, how will r eadMe. get ( ¢
) ever evaluate to false? The answer to this question lies in
understanding the i 0st r eamstate bits.

Every stream, whether an i st r eamor an ost r eam has a series
of four state bits associated with it:

enumio_state
{
goodbi t =0,
eof bi t =1,
failbit=2,
badbi t =4
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i ost r eamuses these bits to indicate the relative health of their
associated stream. You can poke and prod these bits yourself, but
there are four functions that reflect each bit’s setting.

For example, the function

i nt good();

returns nonzero if the stream used to call it is ready for I/O.
Basically, if good() returns 1, you can assume that all is right
with your stream and expect that your next I/ O operation will
succeed.

The function

int eof();

returns 1 if the last I/ O operation puts you at end-of-file.
The function

int fail();

returns 1 if the last operation fails for some reason. As an ex-
ample, an input operation might fail if you try to read a short
but encounter a text string instead.

The function

i nt bad();

returns 1 if the last operation fails and the stream appears to be
corrupted. When bad() returns 1, you're in deep guacamole.
Finally, the function

voi d clear( int newState=0 );

is used to reset the state bits to the state specified as a parameter.
In general, you should callcl ear () without specifying a param-
eter. cl ear () ’s default parameter sets the state bits back to the
pristine, good setting. If you don’t clear the state bits after a
failure, you won’t be able to continue reading data from the
stream. (You'll see an example of this in a moment.)
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For the most part, you should focus on the value returned by
good() . As long as good() returns 1, there’s no need to check
any of the other functions. Once good() returns 0, you can find
out why by querying the other three state functions.

The Coolness of good()

Now comes the cool part. In the program readMe. cp, we
encountered awhi | e loop that used ani ost r eamfunction as its
conditional expression:

while ( readMe.get( c ) )
cout << c;

What caused this whi | e loop to exit? r eadMe. get ( ¢ ) returns
a reference to r eadMe, correct? Actually, this is where the C++
compiler displays a little sleight of hand. When the compiler
detects an i ost reamI/O function used where an i nt is ex-
pected, it uses the current value of good() as the return value
for the function. The previous whi | e loop exits when
readMe. get ( ¢ ) either fails or hits an end-of-file.

A good() Example

Our second sample program demonstrates the basics of working
with the i ost r eamstate bits and state bit functions. Close the
current project by selecting Close Project from the Project
menu. When prompted for a project file to open, go up to the
THI NC++ Proj ect s folder, open the subfolder named Chap
08.02 - stateBits, and open the project file named
stat eBi ts. p. Next, run st at eBi t s. p by selecting Run from
the Project menu. Here’s what you’ll see:

Type a nunber:
Type a number small enough to fit inside ashor t, like 256:

Type a nunber: 256
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When you hit a return, st at eBi t s will tell you what your num-
ber is and then ask you to type another:

Your nunber is: 256
Type a nunber:

This time, type the letter x and hit a return. st at eBi t s will tell
you that the x is not a number and then ask you for another
number:

Type a nunber: x
X is not a nunber...Type O to exit

Type a nunber:

Now type the number 0, which tells st at eBi t s to drop out of its
main loop:

Type a nunber: O
Goodbye. . .

Hit a return to exit st at eBi t s. Let’s take a look at the source
code.

The stateBits Source Code

st at eBi t s. cp starts with the usual #i ncl ude (since we won’t
be doing any file I/ O, there’s no need to include <f st r eam h>):

#i ncl ude <i ostream h>

st at eBi t s creates a loop that reads in a number and then
prints the number in the console window. If the number entered is
0, the program exits. Things start to get interesting when a letter is
entered instead of a number.

int main()

{
char done = fal se;
char c¢;
short nunber;
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Note that done acts as a Boolean logic operator. When it is set to
t rue, the loop exits. ¢ and nunber are used to hold data read
from the console.

@ Some C++ environments declare true and f al se;
N others don't. Since t rue and f al se aren’t technically
) part of the C++ language, be prepared to add them to

your header files. THIN C++ takes care of this for you.

We enter the main loop, are prompted for a number and then
use >> to read the number from the console:

while (! done )

{
cout << "Type a nunber: *";
cin >> nunber;

If a number appropriate for a short istyped at the prompt,
ci n. good() returnstrue:

if ( cin.good() )

If the number typed is 0, we say goodbye and drop out of the
loop; otherwise, we display the number and start all over again:

{
if ( nunber == 0)
{
cout << "CGoodbye...";
done = true;
}
el se
cout << "Your nunber is: " << nunber
<< "\n\n";
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If the input is of the wrong type (the letter x or 1.34, for
instance) or is a number that is too large (99999) or too small
(-72999), the input operation fails and ci n. f ai | () returns 1:

else if (cin.fail() )

The first thing we must do is callcl ear () to reset the state bits (if
we don’t clear the state bits back to their supple, healthy state, we
won’t be able to continue reading data from the stream):

{

cin.clear();

Once the state bits are reset, we read the character that caused the
the stream to choke. Since we’re not trying to interpret this charac-
ter as a number, this read won't fail. Having read in the offending
character, we display it, along with an appropriate message on the
console:

cin.get( c );
cout << ¢ << is not a nunber...";
cout << "Type 0 to exit\n\n";

This example implements a pretty simple-minded re-
covery algorithm. If you typed in something like xxzzy,
the loop would fail five times since you knock out only a
single character with each recovery. You might want to
try your hand at a more sophisticated approach. For
example, you might use ci n. i gnor e() to suckin all
the characters up to and including a carriage return.
Better yet, you might use ci n. get () to read in the
remainder of the offending characters and then pack-
age them in an appropriate error message.
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The final possibility lies with a call to bad( ) . Since the bad bit
will likely never be set, you'll probably never see this message.
No sense taking chances, though:

else if ( cin.bad() )

{
cout << "\nYikes!!! Gotta go...";
done = true;
}
}
return O;

More Earlier, the i f st r eamconstructor was used to open a file for
File Info reading:

ifstream readMe( "My File" );

In the same way, the of st r eamconstructor can be used to open a
file for writing:

of streamwiteMe( "My File" );

Writing Data to a File

The of st r eamconstructor takes two parameters, withi 0s: : out
used as the default mode parameter. Note that you can pass more
than one node flag at a time. To open a file for writing if the file
doesn’t already exist, try something like this:

of streamwiteMe( "My File", ios::out |
i 0S::nocreate );

Refer back to the table in Figure 8.2 for the rest of the npde flags.
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There is a way to open a file for both reading and
writing. Use the fstream class and pass both the
ios::inandios::out node flags, like this:

fstream inAndQut( "Read and Wite", ios::in
| ios::out );

The f st r eamclass is set up with two file position
indicators, one for reading and one for writing. You
really should read through the file <f st ream h>. You'll
find all kinds of cool stuff in there. While you're at it, read
through <i ost r eam h> as well. If you see a file named
<st r eam h>, beware! <st r eam h> was written to sup-
port a library known as st reans, a predecessor to
i ostream <stream h>is obsolete.

Once your file is open, you can close it by calling the cl ose()
member function:

writeMe. close();

In general, this call isn’t really necessary since thei f st r eamand
of st r eam destructors automatically close the file attached to
their associated stream.

You can also create ani f st r eamor of st r eamwithout asso-
ciating it with a file. Why would you want to do this? If you
planned on opening a series of files, one at a time, you might want
to do this by using a single stream, not by declaring one stream for
each file. Using a single stream is more economical. Here’s an
example:

i fstream readMe;
readMe. open( "File 1" );
/1 Read contents - be sure to include error checking!

readMe. cl ose();

readMe. open( "File 2" );
/1 Read contents - be sure to include error checking!
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Customizing
iostream

readMe. cl ose();

/1 Repeat this as necessary...

read(), write(), and Others

There are some i st r eammember functions that are particularly
useful when dealing with files. The member function r ead()
reads a block of si ze bytes and stores the bytes in the buffer
pointed to by dat a:

i stream & ead(void *data, int size);

As you’d expect, if an end-of-file is reached before the requested
bytes are read, the fail bit is set. The member function
i stream : gcount () returns the number of bytes successfully
read:

size_t gcount();

The member function wr i t e() inserts a block of si ze bytes
from the buffer pointed to by dat a:

ostream &wite(const void *data, size t size);

The member functionost r eam : pcount () returns the number
of bytes inserted by the preceding wri t e() call:

size_t pcount();

There are times when the standard operators and member func-
tions of i 0st r eamjust don’t cut it. For example, remember the
Menul t emclass we declared in Chapter 7:

class Menultem
{ .
private:
fl oat price;
char nane[ 40 ];
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publi c:
Menultem : Menultem( float itenPrice,
char *itenmName );
fl oat Menultem : Get Price();
i

Suppose you want to display the contents of a Menul t emusing
i ostream You can write a Di spl ayMenul tem() member
function that takes advantage of i ost r eam but that is somewhat
awkward. If you want to display a Menul t emin the middle of a
cout sequence, you have to break the sequence up, sandwiching
a call to Di spl ayMenul t en{) in the middle:

cout << "Today's special is:
nyl tem Di spl ayMenul ten();
cout << "...\n";

Wouldn’t it be nice if i ost r eamknew about Menul t ens so
that you could do something more convenient, like this:

cout << "Today's special is: " << nyltem<< "...\n";

Why, there is a way to do this, after all! Using the techniques
covered in Chapter 7, you create an oper at or <<()) function that
knows exactly how you want your Menul t emdisplayed. (You'll
see an example of this in a moment.)

What's more, you can overload the >> operator, providing an
oper at or >>() function that knows how to read in aMenul t em
The only restriction on both of these cases is that your >> and <<
overloading functions must return the appropriate stream refer-
ence so that you can use the >> and << operators in a sequence.

An >> and << Overloading Example

Our next sample program extends the ost reamand i stream
classes by adding functions that overload both >> and <<. Close
the current project by selecting Close Project from theProject
menu. When prompted for a project file to open, go into the THI N
C++ Pr oj ect s folder, open the subfolder named Chap 08. 03 -

over | oad, and open the project file named over | oad. p. Next,
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run over| oad. p by selecting Run from the Project menu.
Here’s what you'll see:

Spring Rolls ($2.99)

Hot and Sour Soup ($3.99)
Hunan Chi cken ($8.99)
General Tso's Shrinp ($9.99)
Spring Surprise ($15.99)

Hit a return to exit over | oad. Let’s take a look at the source
code.

The overload Source Code

over | oad. cp starts with some familiar #i ncl udes and aconst
definition from Chapter 7’s menu program:

#i ncl ude <i ostream h>
#i ncl ude <fstream h>
#i ncl ude <string. h>

const short kMaxNanelLength = 40;

The Menul t emclass is a slightly modified version of the one
in Chapter 7. For one thing, the constructor is left out. Instead of
initializing the data members when a Menul t em is created,
i ost r eamis used to read in a series of Menul t ens from a file and
initialize each data member using the newly added Set Nane()
and Set Pri ce() member functions:

I L R R Menul t em
cl ass Menultem
{
private:
fl oat price;
char nane[ kMaxNameLength ];
publi c:

voi d Set Nanme( char *itenName );
char *Get Nane() ;

voi d SetPrice( float itenPrice );
fl oat GetPrice();



Inside iostream 227

Set Nane() is used to set the value of the nane data member:

void Menultem: Set Nane( char *itenmNanme )
{

}

strcpy( nanme, itemNane );

Get Name() returns a pointer to the nane data member. By giv-
ing the caller of this publ i ¢ function direct access to nane, we're
sort of defeating the purpose of marking name as private. A
more appropriate approach might be to have Get Nane() return
a copy of name. For the purposes of discussion, the version of
Get Nanme() shown next will do:

char *Menul tem : Get Nanme()
{

}

return( nane );

Set Pri ce() isused to set the value of thepr i ce data member:

void Menultem: SetPrice( float itenPrice )

{
}

price = itenPrice;

Get Pri ce() returns the value of the pri ce data member:

float Menultem: GetPrice()
{

}

return( price );

The oper at or >>() function is called by the compiler whenever
the >> operator is encountered having an i st r eamas its left
operand and a Menul t emas its right operand. Since all >> se-
quences are resolved to i st r eamreferences, the left operand is
always an i st r eamobject. To make this a little clearer, imagine
an >> sequence with several objects in it:

cin >> a >> b;
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i ost r eamstarts by evaluating this expression from the left, as if
it were written like this:

(cin >> a) > b;

Since the >> operator resolves to an i st r eamobject, the expres-
sion ci n >> a resolves to ci n, leaving this:

cin >> b;
The same logic holds true for the << operator:
cout << a << b;

As the compiler evaluates this expression from left to right, the
left operand of the << operator is always an 0st r eamobject.

The point is, whetheri st r eamorost r eam all anoper at or ()
function needs to do to support sequences is to return the stream
reference passed in as the first parameter:

N i ostream operators

i stream &operator>>( istream& s, Menultem & tem)

{

float itenPrice;
char itenNanme[ kMaxNanmeLength ];

oper at or >>() reads a single Menul t em object from the
specified input stream. First, get|i ne() is used to read the
item’s name. Notice that the second parameter to get | i ne() is
used to limit the number of characters read in, ensuring that
i t emName doesn’t exceed its bounds. Set Name() is used to copy
the entered name into the nane data member:

is.getline( itemNane, kMaxNaneLength );
item Set Nane( itenmNanme );
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Then, >> is used to read the item’s price into i t enPri ce, and
Set Price() is used to copy i tenPri ce into the pri ce data
member:

is >> itenPrice;
item SetPrice( itenPrice );

When the extraction operator reads the price from the input stream,
it leaves the carriage return following the number unread.
i gnor e() is used to grab the carriage return, leaving the stream
set up to read the next Menul t em

is.ignore( 1, '"\n' );
Finally, the stream passed in to the oper at or >>() function is
returned, preserving the integrity of the sequence:

return( is );

}

oper at or <<() is somewhat simpler. It uses << to write the
name and pri ce data members:

ostream &oper at or<<( ostream &s, Menultem & tem)

{
0s << item Get Name() << " ($"

<< itemCetPrice() << ") ";
Once again, the stream passed in as the first parameter is returned:

return( os );

}

mai n() declares an i f st reamobject and ties it to the file
named Menu | t ens. This file contains a list of Menul t ens with
the name and price of each item appearing on its own line:

I R R T mai n()
int main()

{

ifstream readMe( "Menu ltens" );
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mai n() also declares a Menul t emobject named i t em Notice
that no parameters are passed because there’s no constructor to
do anything with the parameters:

Menultem item

Next, a whi | e loop is used to read in all the Menul t ens that can
be read from the input stream (which is, in this case, a file named
Menu | t ens). The overloaded version of >> is used to read in a
Menul t em and the overloaded version of << is used to display
the Menul t emin the console window:

while ( readMe >> item)
cout << item << "\n";

return O;

}

Here’s what appears on the console:

Spring Rolls ($2.99)

Hot and Sour Soup ($3.99)
Hunan Chi cken ($8.99)
General Tso's Shrinp ($9.99)
Spring Surprise ($15.99)

It's important to note that operat or>>() and
oper at or <<() are designed to work with any input
and output stream. In this case, the Menul t ens are
read from a file and displayed in the console window. By
making a few changes to mai n() —and not changing
the two oper at or () functions—you can easily change
the program to read from standard input (you'd probably
want to add in a prompt or two) and send the output to a
file. That's the real beauty of i ostr eam
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Formatting
Your Output

In the preceding program, we overloaded the << operator so that
we could display a Menul t emprecisely the way we wanted it to
appear. Unfortunately, there’s no way to overload the << operator
to customize the appearance of built-in data types such as shor t

or f | oat . Fortunately, i ost r eamprovides several mechanisms
that allow you to customize your I/ O operations.

In general, i ost r eamfollows some fairly simple rules
when it comes to formatting output. If you insert a single
char in a stream, exactly one character position is
used. When some form of integral data is inserted, the
insertion is exactly as wide as the number inserted,
including space for a sign, if applicable. No padding
characters are used.

When af | oat is inserted, room is made for up to six
places of precision to the right of the decimal place.
Trailing zeros are dropped. If the number is either very
large or very small (how big or how small depends on
the implementation), exponential notation is used. Again,
room is made for a sign, if applicable. For example, the
number 1.234000 takes up five character positions in
the stream since the trailing zeros are dropped:

1.234

When a string is inserted, each character, not includ-
ing any null terminator, takes up one character position.

The Formatting Flags

The i 0s class maintains a set of flags that control various format-
ting features. You can use thei 0s member functionsset f () and
unsetf () to turn these formatting features on and off. Each
feature corresponds to a bit in a bit field maintained by the i os
class.
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Some features are independent, while others are grouped
together. For example, the flagi os: : ski pws determines whether
white space is skipped during extraction operations. This feature
is not linked to any other features, so it may be turned on and off
without impacting any of the other formatting flags.

To turn an independent flag on and off, you use the set f ()
and unset f () member functions as follows:

cin.setf( ios::skipws ); // Skip whitespace on input
cin.unsetf( ios::skipws ); // Don't skip whitespace
/1 on input

Alternatively, you can use the f | ag() member function
to retrieve the current flag settings as a group, OR the
new flag into the group, and then use f | ag() again to
reset the flag settings with the newly modified bit field:

i nt nyFl ags;

myFl ags = cout.flag(); // returnsflagbitfield
nyFlags | = ios::skipws; // ORs in skipws flag
cout.flag( nmyFlags ); // resets flags

Unless you really need to work at this level, you're
better off sticking with setf () and unsetf (). Just
thought you'd like to see the whole picture.

Turning independent flags on and off individually is no prob-
lem, but things get interesting when flags are grouped. For ex-
ample, the radix flags determine the default base used to represent
numbers in output. The radix flags aredec, oct, and hex, repre-
senting decimal, octal, and hexadecimal formats, respectively.
The problem here is that only one of these flags should be turned
on at a time. If you use set f (), you could easily turn all three
flags on, producing unpredictable results.

To handle grouped flags, setf () makes use of a second,
optional parameter that indicates which group a flag belongs to.
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For example, the radix flags dec, oct , and hex belong to the group
basefi el d. To set the hex flag, you make the following call:

cout.setf( ios::hex, ios::basefield);

This call ensures that when the specified flag is set, the remainder
of the fields in the group get unset.

The grouped flags | ef t, ri ght, and i nt er nal are part of
the adj ust f i el d group. They are used in combination with the
wi dt h() member function. W dt h() determines the minimum
number of characters used in the next numeric or string output
operation. If the | ef t flag is set, the next numeric or string output
operation appears left-justified in the currently specifiedw dt h() .
The output is padded with the currently specified fi | | () char-
acter. You canuse fi | | () to change this padding character. An
example should make this formatting feature clearer.

A Formatting Example

Close the current project by selecting Close Project from the
Project menu. When prompted for a project file to open, go into
the THI NC++ Proj ects folder, open the subfolder named
Chap 08.04 - formatter, and open the project file named
formatter. p. Next, run f or mat t er. p by selecting Run from
the Project menu. Here’s what you'll see:

*****'_bl I 0

Hit a return to exitf or mat t er . Let’s take a look at the source
code.

The formatter Source Code
f or mat t er . cp starts with the standard #i ncl ude:

#i ncl ude <i ostream h>
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mai n() starts by displaying the number 202 in the console
window:

int main()

{

cout << 202 << '\n';

As you'd expect, this code produces the following line of output:
202

Next, wi dt h() is used to set the current width to 5, and
fill() isused to make x the padding character:

cout.width( 5 );
cout.fill( "x' );

Remember, wi dt h() applies only to the very next string or nu-
meric output operation, even if it is part of a sequence. The
padding character lasts until the next call of fi | | () or until the
program exits.

If your output operation produces more characters than
the current width setting, don’t worry. All your characters
will be printed.

Now, thel ef t flag is set, asking i 0ost r eamto left-justify the
output in the field specified by wi dt h() :

cout.setf( ios::left, ios::adjustfield );
cout << 202 << '\n';
When the number 202 is printed again, it appears like this:

202xx
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Then, wi dt h() is pumped up to 10,fi 11 () is changed to =,
and thei nt er nal flagis set. Thei nt er nal flag asksi ostream

to place padding in between a number and its sign, if appropriate,
so that it fills the wi dt h() field:

cout.w dth( 10 );
cout.fill( "= );
cout.setf( ios::internal, ios::adjustfield );

cout << -101 << '\n';

Printing the number —101 produces the following line of output:

Finally, wi dt h() is reset to 10 (otherwise, it would have
dropped to its default of 0),fi | | () issetto*, and theri ght flag
is set to right-justify the output:

cout.wi dth( 10 );
cout.fill( "*' );
cout.setf( ios::right, ios::adjustfield );

cout << "Hell o";

return O;

}

When the string " Hel | 0" is printed, this line of output appears:

*****'_bl I 0

More Flags and Methods

The showbase flag is independent. If it is set, octal numbers are
displayed with a leading zero and hex output appears with the
two leading characters 0x. The showpoi nt, upper case, and
showpos flags are also independent. If showpoi nt is set, trailing
zeros in floating-point output are displayed. If upper case is set,
E rather than e is used in scientific notation and X rather thanx is
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used in displaying hex numbers. If showpos is set, positive num-
bers appear with a leading +.

Thesci enti fic andfi xed flags belong to thef | oatfi el d
group. If sci enti fi c is set, scientific notation is used to display
floating-point output. Iff i xed is set, standard notation is used. If
neither bit is set, the compiler uses its judgment and prints very
large or very small numbers using scientific notation and all other
numbers using standard notation. To turn off both bits, you pass a
zero instead of f i xed or sci entific:

cout.setf( 0, ios::floatfield );

Both the fi xed and scientific flags are tied to the
preci si on() member function. pr eci si on() determines the
number of digits displayed after the decimal point in floating-
point output:

cout.precision( 6 ); // The default for precision...

Finally, the uni t buf and stdi o flags are related but not
grouped. Ifuni t buf is set, the output buffer is flushed after each
output operation. st di o, which is only for folks using C1/0O,
flushes st dout and st derr after every insertion.

i ost r eamprovides a set of special functions known as manipu-
lators that allow you to perform specific I/ O operations while
you're in the middle of an insertion or an extraction. For example,
consider this line of code:

cout << "Enter a nunber: " << flush;

This code makes use of the f | ush manipulator. When its turn
comes along in the output sequence, the f| ush manipulator
flushes the buffer associated with cout, forcing the output to
appear immediately as opposed to waiting for the buffer to get
flushed naturally (sort of like a C++ version of prunes!).

Just as an I/O sequence can appear in different forms, a
manipulator can be called in several different ways. Here are two
more examples, each of which calls the f | ush manipulator:
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cout.flush(); // Call as a stream nenber function
flush( cout ); // Call with the streamas a paraneter

Use whichever form fits in with the I/ O sequence you are cur-
rently building. If you plan on calling any manipulators that take
parameters, be sure to include the file <i omani p. h>. In addition,
some i 0st r eamimplementations require you to link with the
mat h library to use certain manipulators. Check your develop-
ment environment manual to be sure.

The Manipulators

dec(),oct(),and hex() turn on the appropriate format flags,
thus turning off the rest of the flags in the basefi el d group.
endl () places a carriage return (' \ n' ) in its output stream and
then flushes the stream. ends() places a null character in its
output stream and then flushes the stream. ws() eats up all the
white space in its input stream until it hits either an end-of-file or
the first non-white-space character.

None of the manipulators presented so far take any param-
eters. The six remaining to be discussed all take a single param-
eter and require the included file <i omani p. h>.

set base(i nt b) sets the current radix to either 8, 10, or 16.
setfill (intf) isamanipulator version of thefi || () member
function. set pr eci si on(i nt p) is the manipulator version of
preci si on().setw(int w) is the manipulator version ofwi dt h() .
seti osflags(!long f) is the manipulator version of setf ().
resetiosflags(long f) is the manipulator version of
unsetf ().

Here are two manipulator examples. The line

cout << setbase( 16 ) << 256 << endl;
produces this line of output:

100

And, the line

cout << setprecision( 5 ) << 102.12345;
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istrstream
and
ostrstream

produces this line of output:

102. 12

If you've ever worked with the C st di o function sprintf (),
you'll recognize a similar feature in C++. spri nt f () allows you
to perform all the standard I/O functions normally associated
withprintf() andfprintf() onan array of characters.

Thei st rstreamandost r st r eamclasses offer all the power
of their ancestor classes (i st r eamand ost r eamand, ultimately,
i 0s) and allow you to write formatted data to a buffer that you
create in memory. Here’s an example.

A strstream Example

Close the current project by selecting Close Project from the
Project menu. When prompted for a project file to open, go into
the THI NC++ Proj ects folder, open the subfolder named
Chap 08.05 - strstream and open the project file named
strstream p. Next, run strstream p by selecting Run from
the Project menu. Here’s what you'll see:

Nunber of characters witten: 10
Buf fer contents: abcdef ghi

Hit a return to exit st r st r eam Let’s take a look at the source
code.

The strstream Source Code

strstream cp starts with two #i ncl udes, the standard
<i ost r eam h> and the file required for the i st rstreamand
ostrstreamclasses, <strstrea. h>.

#i ncl ude <i ostream h>
#i ncl ude <strstrea. h>

The constantkBuf f er Si ze is used to define the size of the buffer
that makes up the ost r st r eamobject:
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const short kBufferSize = 10;

mai n() creates a buffer to hold the stream’s characters. The
ost r st r eamconstructor takes two parameters, a pointer to the
buffer and the size of the buffer. The variable i is used to keep
track of the number of characters written to the ost r st r eam

I R R mai n()

int main()

{
char buffer[ kBufferSize ];

ostrstream ostr( buffer, kBufferSize );
short i = 0;

Next, a whi | e loop uses ostr just as it would use cout,
writing characters to the stream until an end-of-file causes the
loop to terminate. i 0St r eamgenerates the end-of-file when the
put () pointer points beyond the last character in the stream’s
buffer (just like its i f st r eamcounterpart). When the loop exits,
ten characters, from a to j, have been written to the stream’s
buffer:

while ( ostr << (char)('a + i) )
i ++;

Now, the number of characters written to the stream is
displayed:

cout << "Nunber of characters witten:
<< j << '"\n';

Here’s the output generated by the previous line of code:
Nurmber of characters witten: 10

Next, a null terminator is written on the last byte of the
stream’s buffer, creating a null-terminated string in buf f er:

buffer[ kBufferSize - 1] ="'\0";
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Finally, the contents of the stream are printed:
cout << "Buffer contents: " << buffer;

return O;

}

The previous line of code results in this line of output:
Buf fer contents: abcdef ghi

Just as an ost r st r eamobject mirrors the behavior of cout,
you can create a similar example, using an i st r st r eamobject,
that mirrors the behavior of i strstream The i strstream
constructor takes the same two parameters as the ost r st ream
constructor.

Together, i st r st reamand ost r st r eamgive you a power-
ful set of tools to use when you work with strings in memory.

i ost r eamoffers you a significant capability. You can use the
classes and member functions provided to build an ample user
interface for your programs. In the event that you're working
with a class library that provides a more sophisticated, graphical
user interface, you can still use i 0st r eamto manage your file I/O
as well as to manage an in-core string manipulation facility.

Although I've made every effort to present a complete
description of i ost r eam there’s no substitution for a thorough
reading of the i ostreamincluded files. You'll find complete
listings of the four included files <i ost r eam h>, <f stream h>,
<i omani p. h>, and <str st r ea. h> in appendices at the back of
the book.

Chapter 9 starts off with a relatively new feature of C++
known as templates and then moves on to a potpourri of other
topics. See you there!
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Potpourri

This chapter takes you down
the homestretch, exploring
an array of miscellaneous
C++ topics. Once you finish
this chapter, you’ll have
completed the first phase of
your C++ education.
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Templates
The Templates Approach
Declaring an Object Using a Template
A Template Argument List Containing More
Than One Type
Function Templates
Function Template Instantiation

ThlS Chapter A Template Example

Multiple Inheritance
A Multiple Inheritance Example
at d Glance Static Members
Back to multiinh
Resolving Ambiguities
A Multiple-Root Example
The Virtual Base Class Alternative
A Virtual Base Class Example
Initialization Versus Assignment
const and Reference Types
A Member Initialization List Example
Memberwise Initialization
The Copy Constructor
A Memberwise Initialization Example
Summary

CONGRATULATIONS! YOU'VE REALLY COME A LONG
way. By getting to this point in the book, you’ve built yourself a
strong C++ foundation. Now you're ready for a few of the more
advanced topics. We'll start off with one of the newest additions
to C++, a feature known as templates.
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Templates When you design a class, you're forced to make some decisions

about the data types that make up that class. For example, if your
class contains an array, the class declaration specifies the array’s
data type. In the following class declaration, an array of shor t s is
implemented:

class Array

{
private:
short arraySi ze; // Nunmber of array el enents
short *arrayPtr; // Pointer to the array
publi c:
Array( short size ); // Alocate an array
/] of size shorts
~Array(); // Delete the array
b

In this class, the constructor allocates an array of arraySi ze
elements, each element of type shor t . The destructor deletes the
array. The data member ar r ayPt r points to the beginning of the
array. To make the class truly useful, you’d probably want to add
a member function that gives access to the elements of the array.
You might extend the class further by adding a bounds-checking
feature.

This Ar r ay class works just fine as long as an array of short s
meets your needs. What happens when you decide that an Ar r ay
of shor t s doesn’t quite cut it? Perhaps you need to implement an
array of | ongs or, even better, an array of your own, home-
brewed data type.

One approach you can use is to make a copy of the Arr ay
class (member functions and all) and change it slightly to imple-
ment an array of the appropriate type. For example, here’s a
version of the Array class designed to work with an array of
| ongs:

cl ass LongArray

{

private:
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short arraySize; // Nunber of array elenents
| ong *arrayPtr; // Pointer to the array

publi c:
LongArray( short size ); // Allocate an
/] array of size
/1 1ongs
~LongArray( void ); [// Delete the array

s

There are definitely problems with this approach. You are creating
a maintenance nightmare by duplicating the source code of one
class to act as the basis for a second class. Suppose you add a new
feature to your Array class. Are you going to make the same
change to the LongAr r ay class?

C++ templates allow you to parameterize the data types used by a
class or function. Instead of embedding a specific type in a class
declaration, you provide a template that defines the type used by
that class. An example should make this a little clearer.

Here’s a templated version of the Ar r ay class presented earlier:

tenpl ate <class T>
class Array

{ .
private:
short arraySi ze; // Nunber of array elenents
T *arrayPtr; // Pointer to the array
publi c:
Array( short size ); [/ Allocate an array
/] of size T's
~Array( void ); // Delete the array
i

The keyword t enpl at e tells the compiler that what follows is
not your usual, run-of-the-mill class declaration. Following the
keyword t enpl at e is a pair of angle brackets that surround the
template’s template argument list. This list consists of a series of
comma-separated arguments (one argument is the minimum).
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Each argument is made up of the keyword cl ass followed by the
argument name. In this case, the template argument list contains a
single argument, T. Throughout the body of the class declaration
that follows, the template arguments may be used as if they were
data types. In the Array class, T is used to declare the data
memberarrayPtr.

Declaring an Object Using a Template

Once your class template is declared, you can use it to create an
object. When you declare an object using a class template, you
have to specify a template argument list along with the class
name.

Here’s an example:

Array<l ong> | ongArray( 20 );

The compiler uses the single parameter, | ong, to convert the
Arr ay template into an actual class declaration. This declaration
is known as a template instantiation. The instantiation is then
used to create the | ongAr r ay object.

A Template Argument List Containing More
Than One Type

As mentioned earlier, a template’s argument list may contain
more than one type. The cl ass keyword must precede each
argument, and an argument name may not be repeated.

Here’s an example:

tenpl ate <class Able, class Baker>
class MWyd ass
{
publi c:
MyCl ass( Able param);
~Myd ass( void );
Baker Menber Functi on( Baker param);
s
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This template takes two arguments. The first, Abl e, is used to
declare the constructor’s single parameter. The second, Baker, is
used in the declaration of Menber Funct i on() both as a return
type and to declare the Menber Funct i on() parameter.

Here’s a definition of a MyCl ass object:

Myd ass<l ong, char *> nyQbject( 250L );

Take a look at the template arguments. The first, | ong, will be
substituted for Abl e. The second, char *, will be substituted for
Baker .

Function Templates

The template technique can also be applied to functions. Here’s
an example of a function template declaration:

tenplate <class T, class U>
T MyFunc( T paranil, U paran? )
{

T varl;

U var 2;

}

As you’'d expect, the declaration starts with the t enpl at e key-
word, which is immediately followed by the template argument
list. The types defined in the template argument list are then used
freely throughout the remainder of the function declaration. Once
again, a type may not be repeated in the template argument list,
and the template argument list must contain at least one argument.

There is one additional rule that applies to function templates.
Each of the template arguments must appear at least once in the
function’s signature. Since a function’s signature does not include
the function’s return type, you must use each of the template
arguments in the function’s parameter list.
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If you use a template to define a function, you must also
include the same template information in the function’s
prototype. Here's a prototype for MyFunc() :

tenplate <class T, class U>
T MyFunc( T paranil, U paran? );

Function Template Instantiation

When you call a function that has been templated, the compiler
uses the parameters passed to the function to determine the types
of the template arguments.

Here’s a simple example:

tenpl ate <class T>
void MFunc( T paraml );

Suppose this function template were called as follows:
char *s;
MyFunc( s );

The compiler would match the type of the calling parameter
(char *) with the type of the receiving parameter (T). In this case,
an instantiation of the function is created, and the type char * is
substituted for T everywhere it occurs.

Here’s another example:

tenpl ate <class T>
void MFunc( T *paranl );

Suppose this function template were called as follows:
char *s;

MyFunc( s );
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In this case, the type char * would be matched against the
template argument type T *. Again, an instantiation is created,
but this time the type char is substituted for T.

In the case where more than one parameter is used, the type-
matching process always starts with the first parameter and moves
to the right. Each occurrence of a template argument type is
checked and a substitute type deduced. Once a substitute type is
determined, any further occurrences of that formal parameter
must match the first occurrence exactly.

Consider this template:

tenpl ate <class T>
void MHFunc( T paranml, T paran? );

This call of MyFunc() won’t compile:

short i;
i nt i

MyFunc( i, j );

First, the compiler matches the first parameter and determines
that T is a short. When the compiler moves on to the second
parameter, it finds that T should be an i nt . Even though an i nt
and ashort are kissin’ cousins, since they are not an exact match,
the compiler coughs politely and then spits out your code.

If you so desire, you can overload a function template
just as you overload any other function. Just remember
that every call to a template function must match one
and only one of the overloaded functions.

You can also design a nontemplated version of a
function to work alongside a templated version. When a
function call occurs, the compiler tries to match the
parameters against the nontemplated version first. If the
parameters match up, the nontemplated function is
called. If no match is found, the regular template-match-
ing process is started.
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A Template Example

Our first sample program provides a basic demonstration of class
and function templates. If THIN C++ is already running, close the
current project by selecting Close Project from the Project
menu. If THIN C++ isn’t running, launch it by clicking on the
THI NPr oj ect Manager . Either way, when prompted for a project
file to open, go into the THI N C++ Pr oj ect s folder, open the
subfolder named Chap 09. 01 - t enpl at e, and open the project
file named t enpl at e. p. Next, run t enpl at e. p by selecting
Run from the Project menu. Here’s what you'll see:

i ndex out of bounds(10)

myRay[0]: 1
myRay[1]: 4
myRay[ 2]: 16
myRay[ 3]: 64

myRay[ 4] : 256
nyRay[5]: 1024
myRay[ 6] : 4096
myRay[ 7] : 16384
nmyRay[8]: O
nmyRay[9]: O
nyLongRay[0]: 1
nyLongRay[1]: 4
nyLongRay[ 2]: 16
myLongRay[ 3] : 64
nyLongRay[4]: 256
nyLongRay[5]: 1024
myLongRay[ 6] : 4096
nyLongRay[7]: 16384
nyLongRay[ 8] : 65536
nyLongRay[9]: 262144

Hit a return to exit t enpl at e. Let’s take a look at the source
code.
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The template Source Code

As usual, tenpl ate. cp starts by including <i ostream h>.
Next, a const, which is used at various points in the program, is
declared:

#i ncl ude <i ostream h>
const short kNunEl enents = 10;

t enpl at e declares a class template named Array. Array
implements an array of type T, where T is the template’s single
argument:

tenpl ate <class T>
class Array

Array features three data members, all of them pri vate.
arraySi ze is the number of elements in the array; arrayPtr
points to the beginning of the array; er r or Ret Val ue is identical
in type to one of the array elements and comes into play when
you try to exceed the bounds of the array:

{
private:
short arraySi ze;
T *arrayPbtr;
T error Ret Val ue;

The Array() constructor allocates memory for the array, the
destructor deletes the allocated memory, and operator[] () is
used to implement bounds checking:

publi c:
Array( short size );
~Array();
T &operator[]( short index );
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In the following code, notice the format used to define a class
template member function. The function starts with thet enpl at e
keyword, followed by the template’s argument list. Next comes
the class name, followed by the argument types surrounded by
angle brackets. Finally, the traditional : : is followed by the
function’s name and signature:

tenpl ate <class T>
Array<T>::Array( short size )

The constructor uses its parameter, Si ze, to initialize
arraySi ze. Then, an array of si ze elements of type T is allo-
cated. Finally, er r or Ret Val ue is initialized to zero:

{
arraySi ze = size;
arrayPtr = new T[ size ];
errorRet Val ue = 0;

}

The destructor uses del et e to delete the memory allocated
for the array. This statement tells the compiler that the destructor
should be applied to every element in the array pointed to by
arrayPt r (without the[ ] operators, the destructor is called only
for the first element of the array; while this is not particularly
interesting in the case of an array of shor t s, it is vital in working
with an array of objects having a specific destructor):

tenpl ate <class T>
Array<T>::~Array()
{

}

delete [] arrayPtr;

operator[] () is called whenever an Ar r ay element is ac-
cessed via the [] operators. operator[] () first checks to see
whether the index is out of bounds. If it is, an error message is
printed and the pseudo-element, err or Ret Val ue, is returned
(by placing an unusual value in er r or Ret Val ue, you can clue
the calling code to the fact that the array reference was illegal if
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printing an error message doesn’t fit into your error-handling
strategy):

tenpl ate <class T>
T &Array<T>::operator[]( short index )

{
if ( (index <0) || ( index >= arraySize ) )
{
cout << "index out of bounds(" << index << ")\n";
return( errorRetValue );
}

If the index is in bounds, the appropriate element of the array is
returned:

el se
return( arrayPtr[ index ] );

The next function in the source code is the templated function
Power () . As you can see, Power () is declared using thet enpl at e
keyword and a single template type, T. Power () takes two pa-
rameters of type T and returns a value of type T (the key here is
that the type of the two parameters must match exactly):

I R R T Power

tenpl ate <class T>
T Power( T base, T exponent )

Power () raises the parameter base to the exponent power, and
the final result is returned:

{
T i, product = 1,

for ( i=1; i<=exponent; i++ )
product *= base,;

return( product );

}
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mai n() starts by defining a short version of Array and a
| ong version of Array (you could have declared a class named
Er aser Head and used Ar r ay to create an array of Er aser Heads):

I L R R mai n()
int main()

{
Array<short> nyRay( kNunEl enents );

Array<l ong> myLongRay( kNunEl enents );
short i, shortBase = 4;
| ong | ongBase = 4L;
This loop fills the shor t array with consecutive powers of 4:

for ( 1=0; i<=kNunEl enents; i++ )
myRay[ i ] = Power( shortBase, i );

Wheni is equal tokKNurEl enent s, the array runs out-of-bounds,
causing an error message to be printed on the console:

i ndex out of bounds(10)
Next, a separator line is sent to the console:

cout << "----\n";
This loop prints the value of each element in the short array:

for ( i=0; i<kNunEl ements; i++ )

cout << "nyRay[" << i << "]: " << nyRay[ i ]
<< "\'n";

Here’s the output:

nyRay[0] : 1
nyRay[1]: 4
myRay[ 2]: 16
nmyRay[ 3]: 64

myRay[ 4] : 256
myRay[ 5] : 1024
myRay[ 6] : 4096



C++ Potpourri 255

nmyRay[ 7] : 16384
myRay[8]: O
myRay[9]: O

By the time we get to Power ( 4, 8) we’ve reached the limits
of a signed short. Our solution? Redo the whole thing using
| ongs. Thank goodness for templates, eh?

This loop uses the same approach to fill the array of | ongs,
but this time we won’t let the array run out-of-bounds:

for ( i=0; i<kNunEl enents; i++ )
myLongRay[ i ] = Power( |ongBase, (long)i );

We print a separator line and then print the elements of the
| ong array:

cout << "----\n";

for ( i=0; i<kNunkl enents; i++ )
cout << "nyLongRay[" << i
<< "]: " << nyLongRay[ i ] << "\n";

return O;

}
Here’s the output:

nyLongRay[0]: 1
nyLongRay[1]: 4
nyLongRay[2]: 16
myLongRay[ 3] : 64
nyLongRay[4]: 256
nyLongRay[5]: 1024
myLongRay[ 6] : 4096
nyLongRay[7]: 16384
nyLongRay[ 8] : 65536
nyLongRay[9]: 262144

Templates are an extremely powerful part of C++. You might
not make use of them right away, but as you develop more and
more C++ code, you'll use templates to build a set of parameter-
ized utility classes. For example, you'll probably want to create a
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FIGURE 9.1

Multiple inheritance
(the boldfaced data
members are inherited).

linked-list template that you can customize to link up objects of
varying types.

Our next topic is a variation on an earlier theme, class derivation.
In the examples presented in Chapter 6, each derived class was
based on a single base class. That doesn’t have to be the case,
however. C++ allows you to derive a class from more than one
base class, a technique known as multiple inheritance. As its
name implies, multiple inheritance means that a class derived
from more than one base class inherits the data members and
member functions from each of its base classes.

Why would you want to inherit members from more than one
class? Check out the derivation chain in Figure 9.1. The ultimate
base class, known as the root base class, in this chain is Conput er .
The two classes Col or Conput er and Lapt opConput er are

Manufacturer
ProcessorSpeed

Color Cormputer Laptop Computer
Manufacturer Manufacturer
ProcessorSpeed ProcessorSpeed
ColorDepth ScreenSize
ColorModel CaseDimensions
I |
Color Laptop

Manufacturer

ProcessorSpeed

ColorDepth

ColorModel

ScreenSize

CaseDimensions
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special types of Conmput er s, each inheriting the nonprivate mem-
bers from Conput er and adding members of their own as well.
Here’s where multiple inheritance comes into play. The class
Col or Lapt op is derived from both Col or Conput er and
Lapt opConput er and inherits members from each class. Mul-
tiple inheritance allows you to take advantage of two different
classes that work well together. If you want a program that
models a color, laptop computer and you already have a
Col or Conput er class that manages color information and a
Lapt opConput er class that manages information about laptops,
why reinvent the wheel? Think of the Col or Lapt op class as the
best of both worlds—the union of two already designed classes.

Just as with single inheritance, there are times when
multiple inheritance makes sense and times when it is
inappropriate. Use the “is a” rule to guide your design. If
the derived class “is a” subset of the base class, deriva-
tion is appropriate. In our preceding example, a
Col or Computer “is a” Computer and a
Lapt opConput er “is a” Conput er . At the same time,
a Col or Lapt op is both a Col or Conputer and a
Lapt opConput er . This model works just fine.

Let's look at another example. Imagine a Dat e class
and a Ti e class. The Dat e class holds a date, like
07/27/94, while the Ti e class holds a time of day, like
10:24 am. Now suppose you wanted to create a
Ti neSt anp class, derived from both the Dat e and
Ti me classes. Would this make sense?

The answer is no! A Ti meSt anp is not a Dat e and it
is notaTi ne. Instead, a Ti meSt anp “has a” Dat e and
“has a” Ti me. When your derivation fits the “has a”
model rather than the “is a” model you should rethink
your design. In this case, the Ti neSt anp class should
include Dat e andTi ne objects as data members, rather
than using multiple inheritance.

“is @” indicates inheritance. If “has a” describes the
relationship between your derived and base classes,
rethink your design.
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A Multiple Inheritance Example

Our second sample program demonstrates multiple inheritance
as well as a few additional C++ features that you should find
interesting. Close the current project by selecting Close Project
from the Project menu. When prompted for a project file to
open, go into the THI NC++ Pr oj ect s folder, open the subfolder
named Chap 09. 02 - nmul t | nheri t, and open the project file
named mul t I nherit. p. Next, run mul t I nherit. p by select-
ing Run from the Project menu. Here’s what you'll see:

Favorite prey: Mce

Favorite toy: Ball of yarn
catID: 1

Favorite prey: Crickets
Favorite toy: Bottle cap

catI D. 2

Favorite prey: Mdths

Favorite toy: Spool of thread
catI D. 3

Cat destructor called: catlD = 3...
Pet destructor was call ed!
Predat or destructor was call ed!

Cat destructor called: catlD = 2...
Pet destructor was call ed!
Predat or destructor was call ed!

Cat destructor called: catlD = 1...
Pet destructor was call ed!
Predat or destructor was call ed!

Hit a return to exit nmul t | nheri t. Let’s take a look at the
source code.

The multinherit Source Code

mul ti i nh. cp starts off with a few #i ncl udes and a familiar
const:
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#i ncl ude <i ostream h>
#i ncl ude <string. h>

const short KkMaxStringLength = 40;

Next, three classes are defined. The Pr edat or class repre-
sents a predatory animal while the Pet class represents a housepet.
The Cat class is derived from both the Pr edat or class and the
Pet class. After all, a cat “is a” predator and a cat “is a” pet, right?

The Pr edat or class is pretty simple. It features a single data
member, a string containing the predator’s favorite prey:

R R EE PR R Pr edat or

cl ass Predator

{

private:
char favoritePrey[ kMaxStringLength ];

ThePr edat or class also features a constructor and a destructor:

public:
Predator( char *prey );
~Predat or () ;

s

The constructor initializes the f avori t ePr ey data member
and then prints its value:

Predator:: Predator( char *prey )

{
strcpy( favoritePrey, prey );

cout << "Favorite prey:
<< prey << u\nu;

The destructor prints an appropriate message, just to let you
know it was called:

Predator:: ~Predator ()

{
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cout << "Predator destructor was called!/\n\n";

The Pet class is almost identical to the Pr edat or class, with
a favorite toy substituted for a favorite prey:

R R R R L Pet
cl ass Pet
{

private:

char favoriteToy[ kMaxStringLength ];

publi c:
Pet ( char *toy );
~Pet () ;
s
Pet:: Pet( char *toy )
{

strcpy( favoriteToy, toy );

cout << "Favorite toy:
<< t0y << u\nu;

}
Pet :: ~Pet ()
{
cout << "Pet destructor was called!'\n";
}

The Cat class is derived from both the Predat or and Pet
classes. Notice that the keyword publ i ¢ precedes each of the
base class names and that the list of base classes is separated by
commas:

R R Cat : Predat or, Pet
class Cat : public Predator, public Pet

Cat contains two data members. The first, cat | D, contains a
unique ID for each Cat . While numbering your cats might not be
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that useful, if we were talking about Enpl oyees or Conput ers, a
unique employee ID or serial number can be an important part of
your class design.

Notice that the second data member, | ast Cat | D, is declared
using the st at i ¢ keyword.

{

private:
short catl D,
static short lastCatlD;

Static Members

When you declare a data member or member function asst ati c,
the compiler creates a single version of the member that is shared
by all objects in that class.

Why do this? st ati ¢ members can be very useful. Since a
st ati ¢ data member is shared by all objects, you can use it to
share information between all objects in a class.

One way to think of a static member is as a global
variable whose scope is limited to the class in which it is
declared. This is especially true if the static member is
declared as pri vat e or pr ot ect ed.

In this case, | ast Cat | Dis incremented every time a Cat
object is created. Since | ast Cat | Dis not tied to a specific object,
it always holds a unique serial number (which also happens to be
the number of Cat s created).

The declaration of a static data member is just that, a
declaration. When you declare a st at i ¢ within a class declara-
tion you need to follow it up with a definition in the same scope.
Typically, you'll follow your class declaration immediately with a
definition of the st at i ¢ data member, like this:

short Object::|astCObjectlD;
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If you like, you can use this definition to initialize the st at i c
member. st ati ¢ data member scope is limited to the file it is
declared in.

You'll typically stick your class declaration (along with
the class’s st at i ¢ member declarations) in a . h file.
This is not the case for your static member definition.
The definition should appear in the . cp file where it will
be used.

Along with your st at i ¢ data members, you can also declare
ast at i c member function. Again, the function is not bound to a
particular object and is shared with the entire class. If the class
Myd ass included ast at i ¢ member function named MyFunc(),
you could call the function using this syntax:

Myl ass: : MyFunc();

Since there is no current object when MyFunc() is called, you
don’t have the advantages of t hi s and any references to other
data members or member functions must be done through an
object.

st ati ¢ member functions are usually written for the sole
purpose of providing access to an associated st at i ¢ data mem-
ber. To enhance your design, you might declare your stati c
data member as privat e and provide an associated static
member function marked as publ i ¢ or pr ot ect ed.

Back to multiinh

The Cat class has a constructor and a destructor:

publi c:
Cat ( char *prey, char *toy );
~Cat ();
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def'sg nish' gh

The Cat constructor uses a syntax first laid out in Chapter 6 to
map its input parameters to the Pr edat or and Pr ey construc-
tors.

Cat::Cat( char *prey, char *toy )
Predator( prey ), Pet( toy )

The list that follows the constructor’s parameter list is
called the member initialization list. As you can see, a
colon always precedes a constructor’'s member initial-
ization list.

Next, | ast Cat | Dis incremented and the new value assigned
to cat | D. Then, the new ID and a separator line are printed:

{
catl D = ++l astCat | D;
cout << "catlD " << catlD
< "\n-------- \n";
}

The Cat destructor also prints a message containing thecat | D,
just to make the program a little easier to follow:

Cat::~Cat ()
{

cout << "Cat destructor called: catlID ="
<< catID << "...\n";

Next, the st ati ¢ member | ast Cat | Dis defined. Without
this definition, the program wouldn’t compile. Notice also that
we take advantage of this definition to initialize | ast Cat | D.

short Cat::lastCatlD = O;
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Resolving
Ambiguities

st ati ¢ data members, just like C++ globals, are auto-
matically initialized to 0. To make the code a little more
obvious, we kept the initialization in there, even though
it is redundant.

Finally, mai n() creates three Cat objects. Compare the three
Cat declarations with the program’s output. Notice the order of
constructor and destructor calls. Just as in Chapter 6’s gr anps
program, the destructors are called in the reverse order of the
constructors.

int main()
{
Cat TC( "Mce", "Ball
Cat Benny( "Crickets",
Cat Meow( "Mbths",

of yarn" );
"Bottle cap" );
"Spool of thread" );

return O;

Deriving a class from more than one base class brings up an
interesting problem. Suppose the two base classes from our previ-
ous example, Pr edat or and Pet , each have a data member with
the same name (which is perfectly legal, by the way). Let’s call
this data member cl one. Now suppose that a Cat object is
created, derived from both Pr edat or and Pet . When this Cat
refers to ¢l one, which cl one does it refer to, the one inherited
from Pr edat or or the one from Pet ?

As it turns out, the compiler would complain if the Cat class
referred to just plain cl one because it can’t resolve this ambigu-
ity. To get around this problem, you can access each of the two
cl ones by referring to

Predat or:: cl one
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FIGURE 9.2
Four classes in a
derivation chain.

or
Pet: : cl one

Here’s another interesting problem brought on by multiple
inheritance. Take a look at the derivation chain in Figure 9.2.
Notice that the Der i ved class has two paths of inheritance back
to its ultimate base class, Root .

Bazse1 Base?2

Since Der i ved is derived from both Basel and Base2, when
aDer i ved object is created, Basel and Base2 objects are created
as well. When the Basel object is created, a Root object is cre-
ated. When the Base2 object is created, a second Root object is
created.

Why is this a problem? Suppose Root contains a data mem-
ber destined to be inherited by Der i ved. When Der i ved refers
to the Root data member, which of the two Root objects contains
the data member Der i ved is referring to? Sounds like another
ambiguity to me.

A Multiple-Root Example

Before we resolve this latest ambiguity, here’s an example that
shows what happens when a derived class has two paths back to
its root class. Close the current project by selecting Close Project
from the Project menu. When prompted for a project file to
open, go into the THI NC++ Proj ects folder, open the sub-
folder named Chap 09. 03 - nonVi rt ual , and open the project
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file named nonVi r t ual . p. Now, runnonVi r t ual . p by select-
ing Run from the Project menu. Here’s what you'll see:

Root constructor called
Basel constructor called
Root constructor called
Base2 constructor called
Derived constructor called

Hit a return to exit nonVi rt ual . Let’s take a look at the
source code.

The nonVirtual Source Code
As usual, nonVi r t ual . cp starts by including <i ost r eam h>:

#i ncl ude <i ostream h>

nonVi rt ual declares the four classes shown in Figure 9.2.
Root consists of a constructor that prints a message letting you
know it was called:

N R Root
cl ass Root
{

publi c:

Root () ;

s
Root : : Root ()
{

cout << "Root constructor called\n";
}

Basel is derived from Root . Its constructor also prints a
useful message:

cl ass Basel : public Root

{
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publi c:
Basel();
1

Basel: : Basel()
{

}

cout << "Basel constructor called\n";

Base?2 is also derived from Root . Its constructor also prints a
message in the console window:

cl ass Base2 : public Root

{
publi c:
Base2();

s

Base2: : Base2()
{

}

cout << "Base2 constructor called\n";

Der i ved is derived from both Basel and Base2. Just like all
the other classes, Der i ved has its constructor print a message in
the console window just to let you know it was called:

I e Deri ved

class Derived : public Basel, public Base2

{

publi c:
Derived();
b
Derived: : Deri ved()
{

cout << "Derived constructor called\n";

}
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mai n() starts the constructor roller coaster by creating a
Der i ved object.

int main()

{
Deri ved myDer i ved;

return O;

}

Since Basel is listed first in the Deri ved derivation list, a
Basel object is created first. Since Basel is derived from Root , it
causes a Root object to be created. The Root constructor is called
and then the Base1l constructor is called, resulting in the follow-
ing two lines of output:

Root constructor called
Basel constructor called

Next, this process is repeated as a Base2 object is created.
Since Base? is also derived from Root, it causes a second Root
object to be created. Once the Root constructor is called, control
returns to Base?2 and its constructor is called:

Root constructor called
Base2 constructor called

Once the Base2 object is created, control returns to the
Deri ved class and the Der i ved constructor is called:

Derived constructor called

The Virtual Base Class Alternative

Once again, think about the problem raised by this last example.
If the Root class contained a data member, how would the De-
ri ved object access the data member? Which of the two Root
objects would contain the real copy of the data member?
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The answer to this problem lies in the use of virtual base
classes. Back in Chapter 6’s what Aml program, we declared a
member function asvi rt ual to allow a derived class to override
the function. Basically, when a virtual function is called by
dereferencing a pointer or reference to the base class, the compiler
follows the derivation chain down from the root class to the most
derived class and looks at each level for a function matching the
virtual function. The lowest-level matching function is the one
that is called.

Virtual functions are extremely useful. Here's why. Sup-
pose you're writing a program that implements a win-
dow-based user interface. Let's say that your standard
window is broken into several areas (we’ll call them
panes) and that each pane is broken into subpanes.
When the time comes to draw the contents of your
window, your W ndow class’s Draw() member func-
tion is called. If your Pane class also has a Draw()
member function and if the W ndow version of Dr aw()
is declared as vi rt ual , the Pane’s Draw() is called
instead.

This same logic applies to your SubPane class and
its Draw() function. If it is derived from Pane, the
SubPane’s Draw() is called instead of the Pane’s
Draw() . This strategy allows you to derive from an
existing class using a new class whose actions are
more appropriate or more efficient.

A similar technique can be used to remove the ambiguity
brought up when a derived class has two different paths back to
one of its ancestor classes. In our earlier example, Root was the
root class, and Basel and Base?2 were derived from Root . Fi-
nally, Der i ved was derived from both Basel and Base2. When
we created a Der i ved object, we ended up creating two Root
objects. Thus the ambiguity.

By declaring Root as a virtual base class, we’re asking the
compiler to merge the two Root object creation requests into a
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single Root object (you'll see how to mark a class as vi rt ual in
a moment). The compiler gathers every reference to the virtual
base class from the different constructor member initialization
lists and picks the one that’s tied to the deepest constructor. That
reference is used, and all the others are discarded. This will be-
come clearer as you walk through the next sample program.

To create a virtual base class, you must insert the vi r t ual
keyword in the member initialization lists between the virtual
base class and the potentially ambiguous derived class. You don’t
need to mark every class between Root and Deri ved as long as
the compiler has no path between Root andDer i ved that doesn’t
contain at least onevi r t ual reference. The general strategy is to
mark all direct descendants of the virtual base class. In this case,
we’d need to place thevi rt ual keyword in both the Basel and
Base2 member initialization lists.

Here’s an example:

class Basel : public virtual Root

{
publi c:
Basel();

s

Thevi rtual keyword can appear either before or after thepubl i c
keyword.

Once the vi rt ual keywords are in place, the compiler ig-
nores all member initialization list references to the Root class
constructor except the deepest one. This sample Deri ved con-
structor includes a reference to the Root constructor:

Derived: : Derived( short param) : Root( param)

{
}

cout << "Derived constructor called\n";

Even if theBasel and Base2 constructors map parameters to
the Root constructor, their mappings are superseded by the deeper,
Der i ved constructor. By overriding the constructor mappings,
the compiler makes sure that only a single object of the virtual
base class (in this case, Root ) is created.
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A Virtual Base Class Example

This next example brings these techniques to life. Close the cur-
rent project by selecting Close Project from the Project menu.
When prompted for a project file to open, go up to the
THI NC++ Proj ect s folder, open the subfolder named Chap
09. 04 - virtual, and open the project file named vi rt ual . p.
Next, runvi rt ual . p by selecting Run from the Project menu.
Here’s what you'll see:

Root constructor called
Basel constructor called
Base2 constructor called
Derived constructor called

Hit a return to exit vi rt ual . Let’s take a look at the source
code.

The virtual Source Code
As usual, vi rt ual . cp starts by including <i ost r eam h>:

#i ncl ude <i ostream h>

This version of the Root class includes a data member named
num

cl ass Root

{

pr ot ect ed:
short num

publi c:
Root ( short nunParam);

s
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The Root () constructor takes a single parameter and uses it to
initialize num(as you read through the code, try to figure out
where the value for this parameter comes from):

Root : : Root ( short nunParam)

{

num = nunPar am

cout << "Root constructor called\n";

Basel is derived from Root, but it treats Root as a virtual
base class:

cl ass Basel : public virtual Root

{
publi c:
Basel();

b

Notice that the Base1() constructor asks the compiler to call the
Root () constructor and passes it a value of 1. Will this call take
place?

Basel:: Basel() : Root( 1)
{

}

cout << "Basel constructor called\n";

Base?2 also declares Root as a virtual base class. Now there’s
no path down from Root that’s not marked as vi r t ual :

I R R T Base2

class Base2 : public virtual Root

{
publi c:
Base2();

s
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The Base2() constructor asks the compiler to pass a value of 2 to
the Root () constructor. Is this the value that is passed on to the
Root () constructor?

Base2:: Base2() : Root( 2 )
{

cout << "Base2 constructor called\n";

}

The Deri ved class doesn’t need the virtual keyword
(although it wouldn’t hurt things if vi r t ual were used here):

I e Deri ved

class Derived : public Basel, public Base2

{
publi c:
Derived();
short Get Num();

b

The Derived() constructor also asks the compiler to pass a
value on to the Root () constructor. Since Der i ved is the deepest
class, this is the constructor mapping that takes precedence. The
Root data member numshould be initialized with a value of 3:

Derived: :Derived() : Root( 3)
{

cout << "Derived constructor called\n";

}

This function makes the value of numavailable to nmai n() . Why
can’t mai n() reference numdirectly? Der i ved inherits numand
mai n() doesn’t:

short Derived:: Get Num()
{

return( num);

}
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Initialization
Versus
Assignment

mai n() creates a Derived object, causing a sequence of
constructor calls:

int main()

{
Deri ved myDer i ved;

Notice that the Root constructor is called only once:
Root constructor called

Basel constructor called

Base2 constructor called

Derived constructor called

Finally, the value of numis printed (drum roll, please):

cout << "------ \n"
<< "num =" << nyDerived. Get Nunm();
return O;

}

As you've already guessed, numhas a value of 3, showing that the
Basel and Base2 constructor initializations are overridden by
the deeper, Der i ved constructor initialization:

When you think about initialization, you might think of a line of
code like this, where the variable i is defined and initialized to a
value of 21:

short i = 21;

In the following code i is defined and then a value of 21 is
assigned to i :



C++ Potpourri 275

short i
i = 21;

The point here is that the compiler thinks of initialization and
assignment as two completely different operations. Every con-
structor is broken into two parts, the initialization part and the
assignment part. The initialization part takes place in the member
initialization list. The assignment part takes place in the body of the
constructor. The remainder of this section discusses things you
should know about initialization and assignment as they relate to
object construction.

const and Reference Types

When a const is defined, a value is tied to it at initialization. In
the strictest sense of the word, you can’t assign a value to aconst .
This code will compile:

const short kMaxNanelLength = 20;
This code won’t compile:

const short kMaxNaneLengt h;
kMaxNarmeLength = 20; // Aaack!

The same holds true for a reference type. A reference type
must be given a value at initialization. This code compiles just fine:

short nunber = 20;
short &nunber Al i as = nunber;

This code, on the other hand, is destined for failure:

short &nunber Alias; // Error: Mist be
/] initialized!!

You can declare a class data member as aconst or a reference
type, but beware! You can’t provide these data members their
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initial value via an assignment statement. Instead, you must use
the member initialization list to do your dirty work for you.
Here’s an example:

class MWyd ass

{ .
private:
const short kMaxNarelLengt h;
short &nunber Al i as;
short nunber ;
publi c:
MyCl ass( short constVal ue );
s

Myd ass: : MyCl ass( short constVal ue )
kMaxNaneLengt h( constVal ue ), nunber Ali as( nunber )
{

/1 kMaxNaneLength is set to constVal ue
/1 nunber Ali as references nunber

}

Up until this point, we’ve used the member initialization list to
map parameters from the constructor to a base class. In this
example, we use the member initialization list to initialize some
members. How appropriate!

If you include a data member name in the member initializa-
tion list and follow the name by an expression surrounded by
parentheses, the compiler uses the expression to initialize the data
member. In the previous chunk of code, kMaxNaneLengt h is
initialized to the value in const Val ue and nunber Al i as is set
to reference nunber . As you can see, the member initialization list
is pretty useful.

A Member Initialization List Example

Here’s a working version of the previous chunk of code. Close the
current project by selecting Close Project from the Project
menu. When prompted for a project file to open, go into the
THI NC++ Proj ect s folder, open the subfolder named Chap
09. 05 - ini t, and open the project file named i ni t. p. Next,
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run i ni t. p by selecting Run from the Project menu. Here’s
what you'll see:

10
20

Bef ore: nunber
After: nunber

Hit a return to exit i ni t . Let’s take a look at the source code.

The init Source Code
Asusual, i ni t. cp starts by including <i ost r eam h>:

#i ncl ude <i ostream h>

The declaration of Myl ass is pretty much the same as the
one you just saw. To simplify things, all the data members are
declared as publ i c. Also, the constructor is filled out to make
things a little more interesting:

e Myd ass
class Myd ass
{
publi c:

const short kMaxNanmelLengt h;

short &nunber Al i as;

short nunber ;

Myd ass( short constVal ue );
s

The constructor takes a single parameter, a value used to initialize
our const variable. The member initialization list is used to
initialize kMaxNanmeLengt h and nunber Al i as:

MyCd ass: : MyCl ass( short constVal ue )
kMaxNaneLengt h( constVal ue ), nunber Ali as( nunber )

We start off by assigning number the value stored in
kMaxNanmeLengt h:

{
number = kMaxNaneLengt h;
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Memberwise
Initialization

To prove that kMaxNaneLengt h is initialized properly, we print
out the value in nunber :

cout << "Before: nunber =
<< nunber << "\n";

This results in the following line of output:
Before: nunber = 10

Next, to prove that nunmber Al i as references nunber,
nunber Al i as is incremented by 10:

nunber Ali as += 10;

Now, we print out the value of nunber again:

cout << "After: nunber =
<< nunber << "\n";

}

Just as we’d hoped, nunber now has a value of 20:
After: nunber = 20

mai n() has a pretty simple job—just to create a MyCl ass
object and pass a value of 10 to its constructor:

int main()
My ass myQbj ect ( 10 );

return O;

}

In certain instances, a special form of initialization, known as
memberwise initialization, is used to initialize a newly created
object. Basically, memberwise initialization is the technique of
copying the contents of one object, data member by data member,
into another object.
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Memberwise initialization is a convenient way to make a copy
of an object. Here’s one way to do this:

Myd ass obj 1( 20 );
MyCl ass obj2 =obj1; // Uses nmenberwise initialization

The first line of code defines an object of class MyCl ass and
passes the number 20 to its constructor. The second line creates
another MyCl ass object, but instead of calling the constructor, the
second object becomes an exact duplicate of the first object.

There are several other ways to achieve memberwise
initialization. If you pass an object by value as a param-
eter, the compiler creates a local copy of your param-
eter, using memberwise initialization to initialize the
copy. Also, if you write a function that returns an object,
memberwise initialization is used to copy the returned
object into the object receiving the returned object.

Memberwise initialization is easy to use and it is convenient,
but there’s a catch. Memberwise initialization makes an exact
copy of an object, including any and all pointers. Suppose you
declare a Nane class that holds someone’s first and last names:

cl ass Nane

{

private:
char *last;
char *first;

publi c:
Name( char *firstParam char *|astParam);

s

Suppose also that the Nane() constructor allocates the memory for
| ast andfirst, based on the size of the two constructor param-
eters. This being the case, you might define a Nane like this:

Nanme your Aut hor( "Dave", "Mark" );
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What happens if you define a second Name by using the
memberwise initialization syntax?

Name aCopy = yourAut hor;

Now, your Aut hor and aCopy share some common memory.
Both copies of | ast point to the same block of memory, and both
copies of f i r st point to the same block of memory. If youdel et e
one of the objects, the other object is left with a dangling pointer.
That can be a problem.

The Copy Constructor

You can provide a memberwise initialization function for any of
your classes. Before the compiler does a memberwise copy, it first
checks to see whether your class includes an overloaded version
of your constructor having the form

Myd ass( const MyC ass& )

where MyCl ass is the class being copied. This special constructor
is known as a copy constructor.

If you provide a copy constructor, it is called whenever
memberwise initialization is called for. Your copy constructor
should copy the current object into the object passed by reference
as a parameter. If the object to be copied contains any pointers,
you may want to reallocate the necessary memory in the copy
instead of blindly copying the pointers.

A Memberwise Initialization Example

Here’s a working version of the previous chunk of code. Close the
current project by selecting Close Project from the Project
menu. When prompted for a project file to open, go into the
THI NC++ Proj ect s folder, open the subfolder named Chap
09. 06 - nmember W se, and open the project file named
menber Wse. p. Next, run menber Wse. p by selecting Run
from the Project menu. Here’s what you'll see:
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Original constructor. ..
Copy constructor. ..
Original constructor. ..
Name: Dave Mark

Name: Dave Mark

Nanme: Scott Knaster

Hit a return to exit nmenber W se. Let’s take a look at the
source code.

The memberWise Source Code

menber W se. cp starts by including <i ostream h> and
<string. h>:

#i ncl ude <i ostream h>
#i ncl ude <string. h>

The Nane class includes two data members, | ast andfirst:

cl ass Nane

{

private:
char *last;
char *first;

The first Name() constructor is for regular Nane objects; the
second constructor is our copy constructor:

publi c:
Name( char *firstParam char *|astParam);
Name( const Nane &original );
The destructor frees up the memory allocated for f i r st and| ast:

~Nane() ;

The Di spl ay() function is used to display the data members
of the current Nane object:

void Name::Display();
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The Nane class’s oper at or =() function provides a service
similar to the Nane() copy constructor. When the compiler en-
counters an expression of the form

myObj ect = your Obj ect

where both operands belong to the same class, it performs a
memberwise copy of the right operand to the left operand. If the
class in question provides anoper at or =() function in the proper
form, the oper at or =() function is called in lieu of performing
the memberwise copy.

Name &Nane::operator=( const Nanme &original );

s

The regular Name() constructor uses newto allocate memory
forfirst and| ast:

Nane: : Nane( char *firstParam char *|astParam)

{

first = new char[ strlen(firstParam) + 1 ];
| ast = new char[ strlen(lastParan) + 1 ];

Next, st rcpy() is called to copy the two parameters into their
associated data members:

strcpy( first, firstParam);
strcpy( last, lastParam);

Then, a message is printed to let us know which constructor
we're in:

cout << "Original constructor...\n";

}

When the copy constructor is called, the current object is the
new Nane object. The parameter passed in is the original Nane
object from which the data is being copied:

Name: : Nane( const Nanme &ori gi nal )

{
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first = new char[ strlen(original.first) + 1 1];
| ast = new char[ strlen(original.last) + 1 1;

strcpy( first, original.first );
strcpy( last, original.last );

Once again, a message is printed telling us which constructor
we're in:

cout << "Copy constructor...\n";

}

The destructordel et es thechar arrays pointed toby f i r st
and | ast:

Nane: : ~Nane()

{
delete [] first;

delete [] last;

}
Again, the Di spl ay() function prints the current Nane:

void Nane:: D splay()
{

cout << "Nanme: " << first << " " << |last << "\n";

}

The oper at or =() function starts by checking to see whether
the left and right operands are the same object, as in this expression:

myQbj ect = nyObj ect;

Why is this case special? As you'll see, before we copy the right
operand to the left operand, we del et e any memory allocated to
the left operand. If the left and right objects are the same object,
we’ll lose data if we del et e:

Name &Nane::operator=( const Nane &original )

{
if ( this == &original )
return( *this );
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Once we know we're dealing with two different objects, we start
by deleting any previously allocated memory. Remember, the left-
hand operand is the current object; the right hand operand is
passed in as the parameter or i gi nal :

delete [] first;
delete [] last;

The next four lines are lifted right from the copy constructor:

first = new char[ strlen(original.first) + 1 ];
| ast = new char[ strlen(original.last) + 1 ];

strcpy( first, original.first );
strcpy( last, original.last );

Finally, we return the current object as the result of the = operation:

return( *this );

}

mai n() starts by creating an original Name, reflecting the
identity of your hard-working author:

int main()
{
Name your Aut hor( "Dave", "Mark" );

This results in a call of the original constructor, and the following
message appears in the console window:

Oiginal constructor. ..
Next, another Nane is created using the copy constructor:
Name aCopy = your Aut hor;
This results in the following line of output:

Copy constructor...
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The third Name object is used to test our operat or =()
function:

Name anot herAuthor( "Scott", "Knaster" );
This results in the following line of output:
Oiginal constructor. ..

When your Aut hor . Di spl ay() is called, the contents of the
original Nane are printed:

your Aut hor . Di spl ay();
Here’s the result:
Nanme: Dave Mark

When aCopy. Di spl ay() is called, the contents of the copy
are printed:

aCopy. Di splay();
Here’s the result:
Nanme: Dave Mark

Next, the = operator is used to copy anot her Aut hor to
aCopy. Before the copy is done, aCopy has the name Dave Mark
and anot her Aut hor has the name Scott Knaster.

aCopy = anot her Aut hor ;
aCopy. Di spl ay();

return O;

}
This call of aCopy( ) results in the following line of output:

Nane: Scott Knaster
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Summary

If you have any doubts about memberwise initialization, add
some additional output statements to the program to verify that a
copied object has its own unique memory allocated for it. To do
this, print the addresses of f i r st and | ast in both the original
and the copy.

OK, time to break out the good champagne (grab a Perrier if
you're driving). You have now officially made it through the
basics of C++. Although there are still many interesting things to
learn, you've mastered the essentials and you’'re ready to code.
Chapter 10 offers a look at some C++ class libraries and develop-
ment environments. Let’s rip!
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Moving On

Now that you've mastered the
basics of C++ programming,
you're ready to develop some
applications. This chapter
takes a look at a variety of
Macintosh development envi-
ronments and class libraries.
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WHAT DOES IT TAKE TO DEVELOP A C++ APPLICATION?
The answer depends on the computer and operating system under
which your application will ultimately run. Are you building a
program destined for a text-based environment like DOS or Unix?
Are you writing an application that will run only on a Macintosh?
Are you trying to write an application that will run on a variety of
platforms?

If you can live within the confines of a text-oriented user interface,
almost any C++ development environment will work for you. By
taking advantage of the i ost r eamlibrary, you can build a C++
application with a completely portable user interface. The upside
here is that you can develop an application on a Macintosh, copy the
source code to a PC, and recompile, and (with some minor retooling,
perhaps) you’'ll have a perfectly acceptable DOS application.
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The down side is that a text-oriented user interface is limited.
The console works, but it isn’t pretty. (If you tried to fob off an
i ost r eambased user interface on seasoned Macintosh users,
they’d likely run you out of town.) Most graphical user interfaces
(GUISs, pronounced “gooeys”) require strict adherence to a set of
interface guidelines. In the Macintosh world, these guidelines
are described in Inside Macintosh, and in the Macintosh Human
Interface Guidelines (both of these are listed in the bibliography at
the back of the book). The Windows’ environment has its own
interface guidelines, as do GUIs such as Motif and OpenLook.

If you can live within the confines of i ost r eam you’ll have
the ultimate in application portability. If you want to create an
application with the look and feel of the environment it’s running
under, you'll have some extra work to do. First, you must become
an expert user of the destination environment. You'll need to
recognize each of the elements that make up that environment’s
user interface, as well as the proper behavior of each element.
When a window is in front, does it look different than when it is
behind another window? What's the proper way to disable a
menu item? Where do scroll bars usually appear? How do you
resize a window? When you’ve mastered this interface vocabu-
lary, you're ready to design your application’s interface.

If you plan to develop an application that will run on
more than one platform, you have even more work to
do. First, you must absorb the interface vocabulary for
each platform you plan to support.

Next, you'll have to make some decisions about your
user interface. Your programming task will be simpler if
you build your interface by using elements common to
all of the platforms your application will run on. For
example, unless all of the candidate platforms support
pop-up menus, you might consider leaving them out of
your interface. Each special case that you support will
make your software more difficult to maintain.

Another option is to take advantage of a cross-platform
development system, a development environment that
can generate versions of your application for several
different platforms, all from the same specifications/
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The
Macintosh
Toolbox

code. The upside to a cross-platform development sys-
tem is the ease with which you can maintain your prod-
uct. Instead of updating your product on each platform
you support, you'll only have to make your changes
once.

Their are several down sides. Most cross-platform
development systems are very expensive (thousands of
dollars). Some restrict their feature set to the smallest
common denominator of the features offered by all sup-
ported platforms. In other words, if a specific feature is
not found on each and every platform, you won't be able
to use it at all.

For the moment, let’s assume that you wish to use your newfound
C++ talents to build a Macintosh application with all of the user-
interface elements that Mac users have come to know and love.
Fortunately, every Macintosh that rolls off the assembly line comes
with a slew of user-interface functions built right in. Collectively,
these user-interface routines are known as the Macintosh Toolbox.
The more than 2000 routines that make up the Macintosh Toolbox
are stored on board the Macintosh, burned into the Mac’s read-
only memory (ROM).

The Macintosh Toolbox contains functions that create win-
dows on the screen and others that draw text in these windows.
There are functions for drawing shapes, lines, and dots in color
and in black and white. There’s a set of functions that allow you to
implement your own pull-down menus. The Mac Toolbox is huge.

Every program that supports the standard Macintosh inter-
face relies on the Mac Toolbox. That's why Macintosh programs
have such a consistent look and feel. Take a look at the pull-down
menu in Figure 10.1. Although the item names may be different,
this menu bears a striking resemblance to every other Macintosh
pull-down menu because the same Mac Toolbox routines are used
to implement all Macintosh pull-down menus. When Mac pro-
grammers want to implement a pull-down menu, they always
turn to this set of functions, collectively known as the Menu
Manager. The Menu Manager has a set of rules it follows to create
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FIGURE 10.1

An Edit menu.

This one comes from
the Finder.

FIGURE 10.2

A set of radio buttons, a
push button, and a
scroll bar. Each of
these is created and
maintained via the
Control Manager.

Em

Undo xZ2
Cut EH
Copy #EC
Paste D
Clear

Select All #A
Show Clipboard

a pull-down menu. For example, a standard Macintosh menu is
always drawn using the Chicago font. The Chicago font is built
into every Macintosh ROM, from the tiniest PowerBook to the
mightiest Quadra.

The Mac Toolbox is divided into a series of managers. As you
learn to implement a standard Macintosh interface, you’ll learn
about the functions that make up each manager. For example,
you’'ll learn how to use the functions that make up the Window
Manager to create and maintain your program’s windows. You'll use
the Control Manager to manage scroll bars, push buttons, and other
standard Macintosh controls, like the ones shown in Figure 10.2.

® Radio Button #1

{_ Radio Buiton #2

) Radio Button #3

Accessing the Macintosh Toolbox

Every Macintosh development environment worth its salt pro-
vides a mechanism for calling each and every Mac Toolbox func-
tion. In the THINK C and THINK C++ environments, this
mechanism is implemented via the MacTr aps library. Many of
the most popular Macintosh programs were written using noth-
ing more than THINK C and MacTr aps (OK, and maybe some
pizza and Snapple).
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Class
Libraries

The official name of Symantec’s C++ environment is
Symantec C++ for Macintosh. Almost everyone | know
calls it “THINK C++,” but your friendly neighborhood
software dealer might not respond to anything but the
complete name. Incidentally, THINK C's offical name is
“THINK C 6.0.” Just thought you'd like to know.

Since THINK C++ also comes with the MacTr aps library, you
can take full advantage of the Macintosh Toolbox from inside
your THINK C++ application. In fact, you might design a set of
classes and have each one implement a different piece of the
Macintosh user interface. You might build one group of classes to
create and manage windows and another group of classes to
implement your program’s menus.

This approach is just fine, though it might take you a fair
amount of time to implement all of the Toolbox pieces that you'll
need. An alternative is to take advantage of one of the existing
class libraries.

A class library is a collection of predefined classes. There are
several class libraries designed specifically to simplify the process
of creating a Macintosh application. Probably the most famous of
these class libraries is Apple’s MacApp, which contains classes
that implement every nook and cranny of the Mac Toolbox. The
MacApp classes are organized in a treelike hierarchy, known as an
application framework. This application framework is much more
than just an object-oriented translation of the Toolbox. Think of it
as a generic application, complete with menu and window-han-
dling code in place and ready to go. Rather than starting from
scratch, your job is to customize this generic application, shaping
its look and behavior to suit your design. For the most part, you
do this by deriving new classes from the existing MacApp classes
and then adding your own classes as the need arises.

Another popular class library is the THINK Class Library
(TCL), brought to you by Symantec, the folks responsible for
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THIN and THINK C++. The TCL classes are also organized hier-
archically as an application framework. Just as with MacApp, you
start with a generic TCL application and then customize it to suit
your needs.

To allow it to work with both THINK C and THINK C++, the
TCL was written in C with special C++-like extensions. So, if you
work with the TCL, you won’t be able to use C++ features like
overloading, default arguments, and multiple inheritance. Since
the TCL is so popular, I'd say that most programmers don’t have
much trouble living with these limitations.

Class Library Economics

Which class library should you choose—MacApp or TCL? Both of
these libraries are Macintosh specific, so you won’t be able to use
them to create a Unix or Windows application. Some people feel
that MacApp is more robust, and, since MacApp has been around
longer, this makes sense. MacApp supports true C++, while TCL
puts some definite restrictions on C++ compatibility. On the other
hand, consider the economics of programming with each library.

To make full use of MacApp, you need to purchase Apple’s
Macintosh Programmer’s Workshop (MPW), a Unixlike develop-
ment environment. You also need to buy MacApp as well as a
C++ compiler (either CFront or Symantec’s C++ for MPW). Fi-
nally, you need at least 16 megabytes if you want a little elbow
room. Overall, this is a pretty pricey proposition. According to my
APDA catalog, the latest MPW /C++ bundle costs $575 and the
latest version of MacApp costs $350 if you have a CD-ROM drive,
$395 on floppies, for a total ranging from $925 to $970. Ouch!

To make full use of the TCL, you have only one thing to buy—
either THINK C or THINK C++, both of which come with their
respective versions of the TCL. THINK C lives comfortably in 4
megabytes of RAM, while THINK C++ needs about 8. THINK C
6.0 lists for $299, and Symantec C++ for Macintosh lists for $499 (the
street price of each is definitely lower). If saving money is your
chief objective, the THINK Class Library is your best bet.
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APDA is the Apple Programmers and Developers Asso-
ciation, a branch of Apple that sells all kinds of cool
developer goodies. If you don’t have a current APDA
catalog, get one immediately. You can reach APDA at:

¢ (800) 282-2732 in the United States
¢ (800) 637-0029 in Canada

* (716) 871-6555 internationally

o (716) 871-6511 by fax

Waiting for Bedrock

Just when you thought you had this class library thing figured
out, along comes a new wrinkle—Bedrock. Bedrock is the class
library that is being developed jointly by Apple and Symantec
and is scheduled for release in late 1993. Bedrock is intended as
the standard cross-platform class library, capable of generating
applications that will run on the Macintosh as well as under
Windows and Unix. While you can use Bedrock exclusively for
the creation of Macintosh applications, the beauty of Bedrock is
that by changing a few settings, you can use the same source code
to generate applications that will run on multiple platforms.

Although several good cross-platform development systems
are available that support the Macintosh, Windows, and Unix,
none of them have the gold seal of approval that goes along with
being developed by Apple and Symantec. If Bedrock turns out to
be as good as is hoped, it could very well represent the future of
Macintosh development. There will be some competition, how-
ever. Only time will tell.

What Next?

If Bedrock is the future, where does that leave MacApp and the
TCL? Apple and Symantec have promised to create a migration
path from both MacApp and the TCL to Bedrock. So, if you invest
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Books and
Other
Reference
Material

your time learning either one of these class libraries, your invest-
ment will pay off handsomely if and when you make the switch to
Bedrock.

If you do decide to order THINK C++, make sure you
take advantage of the money-saving coupon in the back
of the book.

Once you've decided on a class library, you’ll be ready to turn
your sights to the Macintosh Toolbox. If you're new to the Toolbox,
you’ll be glad to know that there’s a lot of reading material
available to help ease you through the Toolbox learning curve.

Inside Macintosh

If there is one item found on every Macintosh programmer’s
bookshelf, it's a well-worn copy of Inside Macintosh, Apple’s offi-
cial Macintosh programmer’s reference guide. It covers the Toolbox
in depth, describing each of the Toolbox managers along with
their respective functions, including each functions’ parameters
and each function’s place in the Mac universe.

When the Macintosh was first introduced, Apple also pub-
lished the first two volumes of Inside Macintosh. As new Macintosh
models were released, Apple put out new volumes of Inside
Macintosh to keep programmers abreast of the latest developments.

The six volumes of the original Inside Macintosh truly stood
the test of time, lasting from 1984 until now. In 1992, however,
Apple decided to give the whole series a facelift, and the new
Inside Macintosh was born. Instead of being organized historically,
the new series is organized by topic. For example, Inside Macintosh:
Files tells you everything you need to know about the Macintosh
Hierarchical File System (HFS). Other books in the series include
Macintosh Toolbox Essentials, Overview, Processes, and Memory. 1



Moving On 297

suggest you start by picking up a copy of Overview and of Macintosh
Toolbox Essentials. Then, add Inside Macintosh volumes as the need
arises.

THINK Reference

One resource that I just can’t live without is THINK Reference
from Symantec. THINK Reference is a data base tool that contains
a relatively comprehensive summary of the Toolbox, broken down
in a variety of ways. With THINK Reference, you can list all of the
Window Manager’s functions and data structures or you can
display a detailed listing of one of the Menu Manager’s routines.
THINK Reference is awesome!

The Macintosh C Programming Primer

When Inside Macintosh was written, Pascal was the primary
Macintosh programming language. Because of this, all of the
function descriptions and examples presented in Inside Macintosh
were written in Pascal. In addition, Inside Macintosh was written
as a reference and not a tutorial. It becomes indispensable once
you understand the basics of Toolbox programming; its not the
ideal reading material for getting you started.

There is a book that helps bridge the gap for first-time
Macintosh programmers. The Macintosh C Programming Primer,
by Dave Mark and Cartwright Reed, offers a step-by-step tour
through the mysteries of the Toolbox. The Mac Primer walks you
through each of the Toolbox managers, punctuating each chapter
with a variety of sample programs. The Mac Primer takes the sting
out of learning to program using the Mac Toolbox.

The Mac Primer also offers a lot of advice for programmers
who want to get involved with the Macintosh development com-
munity. Whether you are interested in developing your own best-
selling Macintosh application or you just want to hook up with
other Macintosh developers, the Mac Primer can help. Inside,
you’ll find descriptions of Apple’s developer relations programs,
designed to help you get your products out the door. You can read
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about AppleLink, Apple’s internal electronic mail system that you
can be a part of. There are descriptions of technical reference
material available from Apple as well as from third parties.

In general, Cartwright and I tried to put everything into the
Mac Primer that we were looking for when we were first learning
to program the Macintosh. We hope you enjoy it.

Macintosh Programming Secrets

A book that I frequently turn to is Scott Knaster’s excellent
Macintosh Programming Secrets. This book is chock-full of Macintosh
programming tips, tricks, and techniques. Scott takes his years of
experience as an Apple employee and puts them to good use,
revealing some of the deep, dark secrets that only a Mac aficio-
nado could know. Once you’ve mastered the basics of Macintosh
Toolbox programming, give this book a try.

Unofficial C++ Style Guide

In 1990, Apple’s technical magazine develop featured an article
called “Unofficial C++ Style Guide.” I'love this article and think
you will too. You'll find a copy of it in Appendix G. Take the time
to read the style guide. It is packed with useful, even critical,
information that no C++ programmer can afford to be without.
Hats off to David Goldsmith and Jack Palevich, the authors of this
article. Great stuff!

Though the style guide was written with MacApp in
mind, its contents apply just as well to the TCL. As an
example, when the style guide refers to a specific class
name, it uses MacApp’s class-naming convention, start-
ing each class name with T. Since the TCL starts all of
its classes with C, you just substitute the leading Ts for
Cs when reading for the TCL.
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Go Get 'Em...

The Bibliography

Be sure to check out the bibliography in Appendix I, where you'll
find a list of books that will help ease your transition into Macintosh
C++ programming. Now that you've mastered the basics of C++,
you should pick up a good reference guide to help complete your
education. The C++ Programming Language by Bjarne Stroustrup
(the principal architect of C++) is a must. C++ Primer by Stanley
Lippman is also very helpful. Make sure you get the second
edition of both books.

Well, that's it. I hope you enjoyed reading Learn C++ on the
Macintosh as much as I enjoyed writing it. Above all, I hope you
are excited about C++. Now go out there and write some source
code!
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Glossary

abstract class: A base class whose sole purpose is to provide a basis for derived classes.
You'll never create an object based on an abstract class.

access function: A function designed specifically to provide access to a data member.

access specifier: One of public, private, or prot ect ed, the access code defines
which of your program’s functions has access to the specified data member or
function.

application framework: A collection of classes that implement a generic application.
Typically, the classes in an application framework act as placeholders. The program-
mer overloads various parts of the framework to give the application the desired
look and feel.

base class: A class used as the basis for the declaration of a second class, known as a
derived class. The derived class inherits all the members of the base class.

class: A C++ structure that encapsulates data and functions, known as data members
and member functions.

class derivation: The technique of deriving classes based on other classes.

class library: A collection of classes, sometimes used to implement a platform’s user
interface. Many class libraries come in the form of an application framework.
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constructor function: A member function having the same name as its class. The
constructor function is typically used to initialize an object’s data members.

copy constructor: A constructor designed to provide an alternative to memberwise
initialization for copying one object to another.

current object: The object that launched the current member function. The members of
the current object may be referred to from within a member function without using
the normal object notation. t hi s is always a pointer to the current object.

data member: One of the data elements of a class.

declaration: A statement that creates a reference to an object or function, without
actually allocating memory for the object or function.

default argument initializer: A function argument with an associated default value. If
the function is called and no value is passed in corresponding to the argument, the
argument is initialized to its default value.

definition: A statement that causes memory to be allocated for a variable or function. A
function prototype is a declaration. The entire function, including curly braces and
all the statements between, is known as the function definition.

derivation chain: The chain of classes running from a root class, through a sequence of
derived classes, to the ultimate derived class, which is the last class in the derivation
chain.

derived class: A class declared using a base class. The derived class inherits all the
members of its base class.

destructor function: A member function having the same name as its class preceded by
the ~ character. The destructor function is typically used to delete any member
allocated for an object.

extraction operator: The >> operator, part of i ost r eam that allows you to extract data
from a stream.

formatting flags: A series of flags maintained by the i 0s class used to control various
iostream formatting features.

function name overloading: A feature that allows you to create several functions with
the same name, but having different signatures. Each call of an overloaded function
is compared against the available signatures and the matching function is called. If
no match is found, the compiler reports an error.
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inheritance: The technique wherein a derived class inherits the characteristics of its
base class.

inline function: A function declared using the i nl i ne keyword. The body of an inline
function is actually copied into the calling function, allowing you to bypass the
overhead normally associated with calling a function.

insertion operator: The << operator, part of i ost r eam that allows you to insert data
into a stream.

interface guidelines: A document that guides you through the process of designing a
user interface for a specific platform. The Macintosh user interface guidelines are
found in Macintosh Human Interface Guidelines, published by Addison-Wesley
Publishing Co.

interface vocabulary: A language that describes the elements in a platform’s user
interface. The terms scroll bar, window, and pull-down menu are all part of the
Macintosh interface vocabulary.

Macintosh Toolbox: The more than 2000 routines built into every Macintosh computer.
These routines give Macintosh applications their unique Macintosh look and feel.

manipulator: A special function, provided as part of the i ost r eamlibrary, that allows
you to perform a specific I/ O operation while you are in the middle of in insertion
or extraction.

member function: One of the functions declared as part of a class.

member initialization list: The list that optionally follows a constructor’s parameter
list, used to initialize an object’s members. The member initialization list is always
preceded by a : .

memberwise assignment: The process of copying the value of the data members of one
object to the data members of another object belonging to the same class, one at a
time.

memberwise initialization: A special form of initialization used to copy one object to
another. The first object’s data members are copied to those of the second, one at a
time.

multiple inheritance: The technique of defining a class derived from more than one
class.

object: Any C++ entity that occupies memory.
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operator overloading: Similar to function overloading, the technique of assigning
more than one meaning to one of the built-in C++ operators. Overloaded operators
rely on functions having the name oper at or, followed by the name of the operator
being overloaded. For example, the function oper at or +() overloads the + opera-
tor.

project: A collection consisting of a project file and all the other files that contribute to a
particular program.

project file: A file used by Symantec’s development environments to manage all of a
program’s source and object code. By convention, project files usually end in “.p”.

project window: A window that appears when you open a project using the Think
Project Manager. The window that describes all the source code file and library files
that make up the project.

read-only memory (ROM): Computer memory that can only be read from, not written
to. On a Macintosh, the ROM is used to store the Macintosh Toolbox.

reference variable: A variable designed to act as an alias to another variable of the
exact same type. To denote a variable as a reference variable, precede its name with
an & in its definition. Reference variables must be initialized (set to alias another
variable) at the same time they are defined.

root base class: The ultimate base class in a derivation chain.

scope: A variable’s scope defines the availability of the variable throughout the rest of
the program.

scope resolution operator: The scope resolution operator, : :, precedes a variable,
telling the compiler to look outside the current block for a variable of the same
name. The scope resolution operator is also used to refer to a class’s static members.

signature: A function’s parameter list. A function’s name and signature combine to
distinguish it from all other functions. A function’s return type is not part of its
signature.

smart pointer: An overloaded version of the- > operator, used to walk down a chain of
pointers.

state bits: A series of bits that reflect the current status of a stream. The bits are
goodbi t, eof bit,fail bit,and badbit.
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static member: A data member or member function declared using the st at i ¢ key-
word. A static data member is shared by the entire class, rather than allocated for
each object of the class. A static member function is typically created to control
access to a static data member. The t hi s pointer is unavailable in a static member
function.

template: A function or class definition containing a series of placeholders, each of
which represents a type that isn’t provided until the function is called or until an
object of the class is defined.

template argument list: The list of type placeholders following the t enpl at e key-
word in a function or class template.

template instantiation: A function or class defined based on a template.

two-stage construction: An alternative to a single constructor. The second constructor
is named by placing the letter | in front of the class name. The | constructor is used
to perform an object’s memory allocation, which is inappropriate for the object’s
constructor.

virtual base class: A root base class having all derived classes marked using the
vi rtual keyword. This ensures that a derived class having more than one path
back to the virtual base class will not instantiate more than one copy of the root base
class.
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Source Code
Listings

#i ncl ude <i ostream h>

class Item

{
private:
fl oat price;
publ i c:
Iten( float itenPrice );
float operator()( float taxRate = 0 );
H
Iltem:Item( float itenPrice )
{
price = itenPrice;
}
float Item:operator()( float taxRate )
{
return( ((taxRate * .01) + 1) * price );
}

307
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int main()
{
Item stinmpyDol | ( 36.99 );

cout << "Price of Stinmpy doll: $" << stinpyDoll();
cout << "\nPrice with 4. 5%tax: $" << stinpyDoll( 4.5 );

return O;

CiN  #include <iostream h>
(Chapter 4) const short kMaxNameLength = 40;

int main()

{
char nane[ kMaxNaneLength ];
short nyShort ;

| ong nyLong;
fl oat nyFl oat ;

cout << "Type in your first name: ";
cin >> nang;

cout << "Short, long, float: ";
cin >> nyShort >> nyLong >> nyFl oat;

cout << "\nYour nanme is: " << nane;
cout << "\nnyShort: " << nyShort;
cout << "\nmyLong: " << nylLong;
cout << "\nnyFloat: " << nyFloat;
return O;

CcOout #include <iostream h>

(Chapter 4) int main()

{
char *nane = "Dr. Crusher";
cout << "char: " << pame[ 0] <<'\n'
<< "short: " << (short)(nane[ 0 ]) << '\n'
<< "string: " << nanme << '\n'

<< "address: " << (unsigned | ong)nane;
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return O;

#i ncl ude <i ostream h>

cl ass Base

{
/11 Dat a nenbers. ..
private:
short  baseMenber;
11 Member functions...
prot ect ed:
voi d Set BaseMenber ( short baseVal ue );
short  Get BaseMenber () ;
H

voi d Base: : Set BaseMenber ( short baseVal ue )
{

baseMenber = baseVal ue;

}
short Base:: Get BaseMenber ()
{
return baseMenber;
}
e Base: Deri ved

class Derived : public Base

{
11 Data nenbers. ..
private:
short  deri vedMenber;
11 Menber functions...
publ i c:
voi d Set Menbers( short baseVal ue,
short derivedVal ue );
voi d Pri nt Dat aMenmbers();
H

voi d Derived: : Set Menbers( short baseVal ue,
short derivedVal ue )

{
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deri vedMenber = derivedVal ue;
Set BaseMenber ( baseVal ue );

}
voi d Deri ved: : Pri nt Dat aMenber s()
{
cout << "baseMenber was set to "
<< GetBaseMenber () << '\n';
cout << "derivedMenber was set to "
<< derivedMenber << '\n';
}
R R LR T R T mai n()
int main()
{
Deri ved *derivedPtr;
derivedPtr = new Derived;
deri vedPtr- >Set Menbers( 10, 20 );
deri vedPtr->Print Dat aMenber s();
return O;
}

employee #include <iostream h>
(Chapter 5) #incl ude <string. h>

const short kMaxNaneSi ze = 20;

cl ass Enpl oyee

{
11 Data nenbers. ..
private:
char enpl oyeeName[ kMaxNaneSi ze ];
| ong enpl oyeel D;
float enpl oyeeSal ary;
11 Menber functions...

publ i c:
Enpl oyee( char *nane, long id, float salary );
~Enpl oyee();
voi d Pri nt Enpl oyee();



equals (Chapter 7)

311

equals
(Chapter 7)

Enpl oyee: : Enpl oyee( char *name, long id, float salary )
{

strncpy( enpl oyeeNane, nane, kMaxNameSize );

enpl oyeeNane[ kMaxNaneSize - 1] = '\0';

enpl oyeel D = id;
enpl oyeeSal ary = sal ary;

cout << "Creating enployee #' << enployeelD << "\n";

}
Enpl oyee: : ~Enpl oyee()
{
cout << "Destroying enployee #' << enployeel D << "\n";
}
voi d Enpl oyee: : Pri nt Enpl oyee()
{
cout << "----- \n";
cout << "Nane: " << enpl oyeeNane << "\n";
cout << "ID " << enployeel D << "\ n";
cout << "Salary: " << enployeeSalary << "\n";
cout << "----- \n";
}
int main()
{
Enpl oyee enpl oyeel( "Dave Mark", 1, 200.0 );
Enpl oyee *enpl oyee2;
enpl oyee2 = new Enpl oyee( "Steve Baker", 2, 300.0 );
enpl oyeel. Print Enpl oyee();
enpl oyee2- >Pri nt Enpl oyee();
del ete enpl oyee2;
return O;
}

#i ncl ude <i ostream h>
#i nclude <string. h>

class String

{
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private:
char *s;
short  stringlLength;

public:
String( char *theString );
~String();
voi d Di spl ayAddress();
String &operator=( const String & ronttring );

H
String::String( char *theString )
{
stringLength = strlen( theString );
s = new char[ stringLength + 1 ];
strcpy( s, theString );
}
String::~String()
{
delete [] s;
}
voi d String:: D spl ayAddr ess()
{
cout << "String address: " << (unsigned long)s << "\n";
}
String &String::operator=( const String & ronBtring )
{
delete [] s;
stringLength = fronSString.stringlLength;
s = new char[ stringLength + 1 ];
strcpy( s, fronfString.s );
return( *this );
}
e mai n()
int main()
{
String captain( "Picard" );
String doctor( "Crusher" );

capt ai n. Di spl ayAddress();
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doct or. Di spl ayAddress();
cout << "----- \n";
doctor = captain;

capt ai n. Di spl ayAddr ess();
doct or. Di spl ayAddress() ;

return O;

#i ncl ude <i ostream h>

int main()

{

cout << 202 << '\n';

cout.width( 5 );
cout. fill( "x'" );

cout.setf( ios::left, ios:

cout << 202 << '\n';
cout.width( 10 );
cout. fill( '=");
cout.setf( ios::internal,
cout << -101 << '\n';
cout.width( 10 );
cout. fill( "*' );
cout.setf( ios::right,

cout << "Hello";

return O;

#i ncl ude <iostream h>
#i ncl ude <string. h>

const short kMaxNaneSi ze = 20;

radjustfield );

ios::adjustfield );

ios::adjustfield);
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cl ass Enpl oyee;

R e R Payr ol |
cl ass Payrol |
{
/1 Data nenbers. ..
private:
/1 Mermber functions...
publ i c:
Payrol | ();
~Payrol | ();
voi d Pri nt Check( Enpl oyee *payee );
H
R R LR T R T Enpl oyee
cl ass Enpl oyee
{
friend void Payroll::PrintCheck( Enpl oyee *payee );
11 Data nenbers. ..
private:
char enpl oyeeNane[ kMaxNaneSi ze ];
| ong enpl oyeel D;
float enpl oyeeSal ary;
11 Member functions...
publ i c:
Enpl oyee( char *nanme, long id, float salary );
~Enpl oyee();
voi d Pri nt Enpl oyee();
b
R Payrol I Menber Functions

Payrol | :: Payroll ()

{
cout << "Creating payroll object\n";
}
Payrol | :: ~Payrol | ()
{
cout << "Destroying payroll object\n";
}

voi d Payrol | :: PrintCheck( Enployee *payee )
{
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cout << "Pay $" << payee->enpl oyeeSal ary
<< " to the order of
<< payee- >enpl oyeeNane << "...\n\n";

e Enpl oyee Menmber Functions
Enpl oyee: : Enpl oyee( char *name, long id, float salary )
{ strncpy( enpl oyeeNarme, nane, kMaxNaneSize );

enpl oyeeNarme[ kMaxNanmeSize - 1] = '\0';

enpl oyeel D = id;
enpl oyeeSal ary = salary;

cout << "Creating enployee #' << enployeelD << "\n";

}
Enpl oyee: : ~Enpl oyee()
{
cout << "Destroyi ng enpl oyee #"' << enployeel D << "\n";
}
voi d Enpl oyee: : Pri nt Enpl oyee()
{
cout << "----- \n";
cout << "Nane: " << enpl oyeeNane << "\n";
cout << "I D " << enployeel D << "\ n";
cout << "Salary: " << enployeeSalary << "\n";
cout << "----- \n";
}
LR TR R nai n
int main()
{

Enpl oyee *enpl oyeelPtr;
Payr ol | *payrol | 1Ptr;

payrol | 1Ptr = new Payrol | ;

enpl oyeelPtr = new Enpl oyee( "Carlos Derr", 1000, 500.0 );

enpl oyeelPtr - >Pri nt Enpl oyee();
payrol | 1Ptr->Pri nt Check( enpl oyeelPtr );

del ete enpl oyeelPtr;
del ete payroll 1Ptr;
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return O;

#i ncl ude <i ostream h>

e G anps
cl ass Granps
{
11 Dat a nenbers. ..
11 Menber functions...
publ i c:
G anps();
~Ganps();
H
G anps: : Granps()
{
cout << "Granps' constructor was called!\n";
}
G anps: : ~G anps()
{
cout << "Granps' destructor was called!\n";
}
R e Pops: Granps
class Pops : public G anps
{
11 Data nenbers. ..
11 Member functions...
public:
Pops();
~Pops();
b

Pops: : Pops()

cout << "Pops' constructor was called!/'\n";

}

Pops: : ~Pops()
{

}

cout << "Pops' destructor was called!\n";
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i Juni or: Pops

class Junior : public Pops

{
/1 Dat a nenbers. .
/1 Menmber functions..

public:

Juni or();
~Juni or ();

J
Juni or:: Junior()
{

cout << "Junior's constructor was called!'\n"
}
Juni or:: ~Junior ()
{

cout << "Junior's destructor was called!\n"
}
LR TR R nai n
int main()
{

Juni or *juniorPtr;

juniorPtr = new Junior

cout << "----\n";

del ete juniorPtr;

return O
}

#i ncl ude <i ostream h>
int main()
{

cout << "Hello, world"

return O
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init #include <iostream h>

(Chapter 9)

R MW Q ass
class Myd ass
{
publ i c:

const short kMaxNaneLengt h;

short &unber Al i as;

short nunber ;

MyCl ass( short constVal ue );
H

MyCl ass:: Myd ass( short const Val ue )
kMaxNameLengt h( constVal ue ), nunber Al i as( number

{
nunber = kMaxNaneLengt h;
cout << "Before: nunber ="
<< nunber << "\n";
nunber Al i as += 10;
cout << "After: nunber =
<< nunber << "\n";
}
R mai n()
int main()
{
My C ass nyObj ect ( 10 );
return O;
}

in”ne #i ncl ude <i ostream h>
(Chapter 4) inline long power( short base, short exponent );

int main()
{
cout << "power( 2, 3 ): " <<
power( 2, 3 ) << "\n";
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cout << "power( 3, 6 ): " <<
power( 3, 6 ) << "\n";

cout << "power( 5, 0 ): " <<
power( 2, 0 ) << "\n";

cout << "power( -3, 4 ): " <<
power( -3, 4 ) << "\n";

return O;

}

inline |ong power( short base, short exponent )

{
1;

| ong product
short i

if ( exponent < 0 )
return( 0 );

for ( i=1; i<=exponent; i++)
product *= base;

return product;

#i ncl ude <i ostream h>
#i nclude <string. h>

cl ass Nane

{ .
private:
char *| ast;
char *first;
publ i c:
Nane( char *firstParam char *|astParam);
Nane( const Nane &original );
~Name() ;
voi d Di spl ay();
Nane &operator=( const Nanme &original );
H

Nane: : Nane( char *firstParam char *|astParam)
{
first = new char[ strlen(firstParam + 1 ];
last = new char[ strlen(lastParam) + 1 ];
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strcpy( first, firstParam);
strcpy( last, |astParam);

cout << "Original constructor...\n";

}
Name: : Nanme( const Name &original )
{
first = new char[ strlen(original.first) + 1 1];
last = new char[ strlen(original.last) + 1 ];
strcpy( first, original.first );
strcpy( last, original.last );
cout << "Copy constructor...\n";
}
Nane: : ~Nane()
{
delete [] first;
delete [] last;
}
voi d Nane: : Di spl ay()
{
cout << "Name: " << first << " " << Jlast << "\n";
}
Nane &Nane: : oper ator=( const Nane &original )
{
if ( this == &original )
return( *this );
delete [] first;
delete [] last;
first = new char[ strlen(original.first) + 1 ];
last = new char[ strlen(original.last) + 1 ];
strcpy( first, original.first );
strcpy( last, original.last );
return( *this );
}
e mai n()
int main()
{

Nane your Aut hor ( "Dave", "Mark" );
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Nare aCopy = your Aut hor;
Nane anot her Aut hor ( "Scott", "Knaster" );

your Aut hor . Di spl ay() ;
aCopy. Di splay();

aCopy = anot her Aut hor;
aCopy. Di splay();

return O;

#i ncl ude <iostream h>
#i ncl ude <string. h>

const short kMaxNanmeLength = 40;
e Menul tem

class Menultem

{
private:
fl oat price;
char nane[ kMaxNaneLength ];
publ i c:
Menulten{ float itenPrice, char *itenmName );
fl oat Get Price();
fl oat operator+( Menultemitem);
fl oat operator+( float subtotal );
H
Menultem : Menulten( float itenPrice, char *itenNane )
{
price = itenPrice;
strcpy( nane, itenNane );
}
float Menultem: GetPrice()
{
return( price );
}

fl oat Menul t em : operat or+( Menultemitem)

{

cout << "Menultem:operator+( Menultemitem)\n";

return( GetPrice() + itemGCetPrice() );
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fl oat Menul t em : operat or+( float subtotal )
{

cout << "Menultem:operator+( float subtotal )\n";

return( GetPrice() + subtotal );

e oper at or +()
float operator+( float subtotal, Menultemitem)
{

cout << "operator+( float subtotal, Menultemitem)\n";

return( subtotal + itemGetPrice() );

}
R e R mai n()
int main()
{
Menultem  chicken( 8.99, "Chicken Kiev with salad" );
Menultem  houseWne( 2.99, "Riesling by the glass" );
Menultem  applePie( 3.99, "Apple Pie a |la Mde" );
fl oat total;
total = chicken + houseWne + appl ePi e;
cout << "\nTotal: " << total
<< "\n\n";
total = chicken + (houseWne + applePie);
cout << "\nTotal: " << total;
return O;
}

#i ncl ude <i ostream h>
#i ncl ude <string. h>

const short kMaxStringLength = 40;

e Pr edat or

cl ass Predator

{
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private:
char favoritePrey[ kMaxStringLength ];

publ i c:
Predator( char *prey );
~Predator();

H
Predat or:: Predat or( char *prey )
{
strcpy( favoritePrey, prey );
cout << "Favorite prey:
<< prey << "\n";
}
Predator:: ~Predator ()
{
cout << "Predator destructor was called!\n\n";
}
e Pet
cl ass Pet
{
private:
char favoriteToy[ kMaxStringLength ];
publ i c:
Pet ( char *toy );
~Pet ();
H
Pet::Pet( char *toy )
{
strcpy( favoriteToy, toy );
cout << "Favorite toy: "
<< toy << "\n";
}
Pet: : ~Pet ()
{
cout << "Pet destructor was called!\n";
}
R R Cat : Predat or, Pet

class Cat : public Predator, public Pet
{



324 Appendix B

private:
short catl D
static short | ast Cat | DO;
public:

Cat( char *prey, char *toy );
~Cat ();

Cat::Cat( char *prey, char *toy )
Predator( prey ), Pet( toy )

{
catl D = ++l ast CatlD;
cout << "catlD: " << catlD
<< "\n--------- \n";
}
Cat::~Cat()
{
cout << "Cat destructor called: catlID ="
<< catlD << "...\n";
}

short Cat::lastCatlID = O;

int main()

{
Cat TC( "Mce", "Ball of yarn" );
Cat Benny( "Orickets", "Bottle cap" );
Cat Meow( "Mdths", "Spool of thread" );

return O;

NEeW  #include <iostream h>

(Chapter 7)

[ R e Bl ob
class Bl ob
{

public:

voi d *operator new( size_t blobSize );
voi d operator delete( void *blobPtr, size_t blobSize );
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voi d *Bl ob: : operator new( size_t bl obSize )

{ cout << "new. " << blobSize << " byte(s).\n";
return new char[ bl obSize ];
}
voi d Bl ob: : operator del ete( void *blobPtr, size_t bl obSize )
{ cout << "delete: " << blobSize << " byte(s).\n";
delete [] blobPtr;
}
R e R mai n()
int main()
{ Bl ob *bl obPtr;
bl obPt r = new Bl ob;
del ete bl obPtr;
return O;
}

newTester #include <iostream h>
(Chapter 4) #i ncl ude <new. h>

voi d NewFai | ed() ;

char gbone = fal se;
char *gSpar eBl ockPtr = 0;

int main()

{
char *nyPtr;
| ong nunBl ocks = 0;

cout << "Installing NewHandler...\n";

set _new_handl er( NewFailed );
gSpareBl ockPtr = new char[20480];

while ( gbone == fal se )

{
nyPtr = new char[1024];
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nunmBl ocks++;

}

cout << "Nunber of blocks allocated:

return O;
}
voi d NewFai | ed()
{
if ( gSpareBlockPtr !'=0)
{
del ete gSpareBl ockPtr;
gSpar eBl ockPtr = 0;
}
gDone = true;
}

#i ncl ude <i ostream h>

R R LR T R T
cl ass Root
{
publ i c:
Root () ;
H
Root : : Root ()
{
cout << "Root constructor called\n";
}
e
class Basel : public Root
{
publ i c:
Basel();
b
Basel: : Basel()
{

cout << "Basel constructor called\n";

}

' << nunBl ocks;
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R e R Base2
class Base2 : public Root
{

public:

Base2();

H
Base2: : Base2()
{

cout << "Base2 constructor called\n";
}
LR TR R Deri ved
class Derived : public Basel, public Base2
{

publ i c:

Deri ved();

H
Deri ved: : Derived()
{

cout << "Derived constructor called\n";
}
e mai n()
int main()
{

Deri ved nyDerived;

return O;
}

#i ncl ude <i ostream h>

voi d Di spl ay( short shortParam);
voi d Di splay( long | ongParam);
voi d Di splay( char *text );

int main()
{
short nyShort = 3;
| ong nyLong = 12345678L;
char *text = "Make it so...";
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Di spl ay( nyShort );
Di spl ay( nyLong );
Di splay( text );

return O;
}
voi d Di spl ay( short short Param )
{
cout << "The short is: " << shortParam << "\n";
}
voi d Di spl ay( | ong | ongParam)
{
cout << "The long is: " << |ongParam << "\n";
}
voi d Di splay( char *text )
{
cout << "The text is: " << text << "\n";
}

overload #nclude <iostream h>

#i ncl ude <fstream h>

(Chapter 8) #include <string. h>
const short kMaxNameLength = 40;
R R LR T R T Menul tem

class Menul tem

{
private:
fl oat price;
char nane[ kMaxNaneLength ];
public:
voi d Set Nane( char *itemNane );
char *Cet Name() ;
voi d SetPrice( float itenPrice );
fl oat Get Price();
H
voi d Menul t em : Set Nane( char *itemNane )
{

strcpy( nane, itenNane );
}
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char *Menul t em : Get Name()
{

}

return( name );

voi d Menultem : SetPrice( float itenPrice )

{

price = itenPrice;
}
float Menultem: GetPrice()
{
return( price );
}
I LR LT R i ostream operators

i stream &operator>>( istream & s, Menultem & tem)

{

fl oat itemPrice;
char itemName[ kMaxNaneLength ];

is.getline( itemName, kMaxNaneLength );
item Set Nane( itenmNanme );

is > itenPrice;
itemSetPrice( itenPrice );

is.ignore( 1, '\n' );

return( is );

}

ostream &oper at or<<( ostream &os, Menultem & tem)

{
0s << item GetName() << " ($"

<< itemGetPrice() << ") ";

return( os );

int main()

{
ifstream readMe( "Menu ltens" );
Menultem item
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while (readMe >> item)
cout << item<< "\n";
return O;
}
prOtOTester #i ncl ude <i ostream h>

(Chapter 4)

readMe
(Chapter 8)

voi d MyFunc( short parani,
short paran®
short paranB

o
o

int main()

{
MyFunc( 1 );
M/Func( 1, 2 );
MyFunc( 1, 2, 3);

return O;

}

voi d M/Func( short paramt,
short parant,
short paranB )

{
cout << "MyFunc( " << paranil
<< ", " << parant
<< ", " << paranB
<< " )\n";
}

#i ncl ude <i ostream h>
#i ncl ude <fstream h>

int main()

{
ifstream readMe( "My File" );
char C;

while ( readMe.get( c ) )
cout << c;

return O;
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#i ncl ude <i ostream h>

voi d Cal | ByVal ue( short val ueParam);
voi d Cal | ByRef erence( short &refParam);

int main()
{
short nunber = 12;
| ong | ongNunber = 12L;

cout << "&nunber: "<
(unsi gned | ong) &unber << "\ n";

cout << "& ongNunber: " <<
(unsi gned | ong) & ongNunber << "\n\n";

Cal | ByVal ue( nunber );
cout << "After ByValue: " << nunber << "\n\n";

Cal | ByRef er ence( nunber );
cout << "After ByRef( short ): " << nunber << "\n\n";

Cal | ByRef er ence( | ongNumber );

cout << "After ByRef( long ): " << longNunber << "\n";
return O;
}
voi d Cal | ByVal ue( short val ueParam )
{
cout << "&val ueParam " <<
(unsi gned | ong) &al ueParam << "\ n";
val ueParam *= 2;
}
voi d Cal | ByRef erence( short &refParam)
{
cout << "&ref Param "<
(unsi gned | ong) & ef Param << "\ n";
ref Param *= 2;
}

#i ncl ude <i ostream h>
short nyVal ue = 5;

int main()

{
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short yourValue =
cout << "yourVal ue: "

short nyVal ue = 10;
your Val ue = nyVal ue;

nmy Val ue;

<< yourVal ue << "\ n";

cout << "yourVal ue: << yourVal ue << "\n";
your Val ue = ::myVal ue;
cout << "yourVal ue: << yourVal ue << "\n";
return O;
}
#i ncl ude <i ostream h>
#i ncl ude <string. h>
const short kMaxNameLength = 40;
e Name
cl ass Nane
{
private:
char first[ kMaxNaneLength ];
char | ast[ kMaxNaneLength ];
publ i c:
Nane( char *|ast Name, char *firstName );
voi d Di spl ayNane() ;
H
Nane: : Nane( char *| astNane, char *firstName )
{
strcpy( last, |astNane );
strcpy( first, firstName );
}
voi d Nane: : Di spl ayNanme()
{
cout << "Name: << first << " << | ast;
}
N e Politician

class Politician

{
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private:
Namme *namePtr
short age;
public:
Politician( Name *namePtr, short age );
Nare *operator->();
b
Politician::Politician( Nane *namePtr, short age )
{
thi s->nanePtr = namePtr;
t hi s->age = age;
}
Nare *Politician::operator->()
{
return( namePtr );
}
R e R mai n()
int main()
{
Nane nyNane( "Cinton", "Bill" );
Pol i tician billdinton( &mwNanme, 46 );
bi Il Ainton->D spl ayName();
return O;
}

square #include <iostream h>
(Chapter 6)

e Rect angl e

cl ass Rectangl e

{
/11 Data nenbers. ..
prot ected:
short  height;
short width;
/1 Menmber functions...

publ i c:
Rect angl e( short hei ght Param short w dt hParam);
voi d Di spl ayArea();
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Rect angl e: : Rect angl e( short hei ght Param short wi dthParam)
{
hei ght = hei ght Param
wi dth = wi dt hParam
}
voi d Rect angl e: : Di spl ayArea()
{
cout << "Area is: " <<
height * width << '\n';
}
e Rect angl e: Squar e
class Square : public Rectangle
{
11 Data nenbers. ..
/1 Mermber functions...
publ i c:
Square( short side );
b
Square: : Square( short side ) : Rectangle( side, side )
{
}
R R LR T R T mai n()
int main()
{
Squar e *nySquar e;
Rect angl e *nyRect angl e;
nySquare = new Square( 10 );
nySquar e- >Di spl ayArea() ;
nyRect angl e = new Rectangl e( 10, 15 )
nyRect angl e- >Di spl ayArea();
return O;
}
stateBitS #include <iostream h>

(Chapter 8) int main()

{
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char done = false;
char C;
short nunber ;

while ( ! done )

{
cout << "Type a nunber: ";
cin >> nunber;
if ( cin.good() )
{
if ( nunber == 0)
{
cout << "Coodbye...";
done = true;
}
el se
cout << "Your nunber is: " << nunber << "\n\n";
else if (cinfail() )
{
cin.clear();
cin.get( c );
cout << ¢ << " is not a nunber...";
cout << "Type 0 to exit\n\n";
else if ( cin.bad() )
{
cout << "\nYikes!!! CGotta go...";
done = true;
}
}
return O;

#i ncl ude <i ostream h>
#include <strstrea. h>

const short kBufferSize = 10;
R e T mai n()

int main()

{
char buffer[ kBufferSize ];
ostrstream ostr( buffer, kBufferSize );
short i =0;
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while ( ostr << (char)('a" +1i) )
i ++;

cout << "Nunber of characters witten:
<< j << '\n';

buffer[ kBufferSize - 1] = "'\0";
cout << "Buffer contents: " << buffer;

return O;

SUbSCfipt #i ncl ude <i ostream h>
(Chapter 7) #i ncl ude <string. h>

const short kMaxNanmeLength = 40;

cl ass Nane

{
private:
char nameString[ kMaxNaneLength ];
short nanelLengt h;
publ i c:
Nane( char *nane );
voi d operator()();
char &operator[]( short index );
b
Name: : Nane( char *nanme )
{
strcpy( nameString, nane );
nameLength = strlen( name );
}
voi d Narme: : operat or () ()
{
cout << naneString << "\n";
}
char & Nane::operator[]( short index )
{
if ((index <0) || ( index >= naneLength ) )
{

cout << "index out of bounds!!!\n";
return( nameString[ 0] );
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}

el se
return( nameString[ index ] );

pres[ 3] ="'X;
pres();

pres[ 25 ] ="'Z";
pres();

return O;

#i ncl ude <i ostream h>

const short KkNumEl ements = 10;

tenpl ate <class T>
class Array

{ .
private:
short arraySi ze;
T *arrayPtr;
T error Ret Val ue;
publ i c:
Array( short size );
~Array();
T &operator[]( short index );
b

tenpl ate <class T>
Array<T>::Array( short size )
{
arraySi ze = size;
arrayPtr = new T[ size ];
errorRet Val ue = 0;
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tenpl ate <class T>
Array<T>::~Array()
{

}

delete [] arrayPtr;
tenpl ate <class T>
T &Array<T>::operator[]( short index )

if ( (index <0) || ( index >= arraySize ) )

{

cout << "index out of bounds(" << index << ")\n";

return( errorRetValue );

}

el se
return( arrayPtr[ index ] );

tenpl ate <class T>
T Power( T base, T exponent )

{

T i, product = 1,

for ( i=1; i<=exponent; i++ )

product *= base;

return( product );
}
R e R mai n()
int main()
{

Array<short> nyRay( kNunEl enents );
Array<l| ong> nyLongRay( kNunEl ements );
short i, shortBase = 4;

| ong | ongBase = 4L;

for ( i=0; i<=kNunElenents; i++ )
nyRay[ i ] = Power( shortBase, i );

cout << "----\n";

for ( i=0; i<kNunEl enments; i++ )
cout << "nyRay[" << i << "]: " << nyRay[ i ] <<

for ( i=0; i<kNunEl enents; i++ )
nyLongRay[ i ] = Power( |ongBase, (long)i );

"\ n":
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cout << "----\n";
for ( i=0; i<kNunEl enents; i++ )
cout << "nyLongRay[" << i
<< "]: " << nmyLongRay[ i ] << "\n";

return O;

#i ncl ude <i ostream h>

class Tine

{
11 Dat a nenbers. ..
private:
short  hours;
short  mnutes;
short seconds;
11 Menber functions...
voi d Nor mal i zeTi me() ;
public:
Tinme();
Tinme( short h, short m short s );
voi d Di spl ay();
Ti ne operator+( Time &aTinme );
voi d operator*=( short num);
b
Tinme: : Ti me()
{
seconds = 0;
m nutes = O;
hours = 0;
}
Time:: Time( short h, short m short s )
{
seconds = s;
mnutes = m
hours = h;
Nor mal i zeTi me() ;
}

voi d Time:: Normal i zeTi nme()

{
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}
voi d Time:: D splay()
{
cout << "(" << hours << ":" << ninutes
<< ":" << seconds << ")\n";
}
Ti me Time:: operator+( Time &aTine )
{
short h;
short m
short s;
h = hours + aTi nme. hours;
m = mnutes + aTine. nm nutes;
s = seconds + aTi ne. seconds;
Ti ne tenpTime( h, m s );
return tenpTi nme;
}
voi d Ti me: : operator*=( short num)
{
hours *= num
mnutes *= num
seconds *= num
Nor mal i zeTi me() ;
}
N e
int main()
{

hours += ((mnutes + (seconds/60)) / 60);

mnutes = (mnutes + (seconds/60))

seconds % 60;

Ti ne firstTime( 1, 10, 50 );
Ti me secondTinme( 2, 24, 20 );
Ti me sunili me;

firstTime. D splay();
secondTi ne. Di spl ay() ;

cout << Me-oo-ooo- \n"
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sunfime = firstTime + secondTi ne;
sunili me. Di spl ay();

cout << "* 2\n":
Cout << Me-oo-ooo- \n"

sunilime *= 2;
sunili me. Di spl ay();

return O;

#i ncl ude <i ostream h>

e Root
cl ass Root
{

prot ect ed:

short num

publ i c:
Root ( short nunParam ) ;

J
Root : : Root ( short nunParam )
{

num = numnPar am

cout << "Root constructor called\n";
}
LR TR R Basel

class Basel : public virtual Root

{
publ i c:
Basel();
H

Basel: : Basel() : Root( 1)
{

}

cout << "Basel constructor called\n";
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class Base2 : public virtual Root

{
public:
Base2();
H
Base2: : Base2() : Root( 2 )
{
cout << "Base2 constructor called\n";
}
R R LR T R T Deri ved
class Derived : public Basel, public Base2
{
publ i c:
Deri ved();
short  Get Num();
H
Derived::Derived() : Root( 3)
{
cout << "Derived constructor called\n";
}
short  Derived: : Get Num()
{
return( num);
}
e mai n()
int main()
{
Deri ved nyDeri ved;
cout << M------- \n"
<< "num =" << nyDerived. Get Nun();
return O;
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whatAml
(Chapter 6)

#i ncl ude <i ostream h>

R e R Shape
cl ass Shape
{
/1 Data nenbers. ..
1 Menber functions...
public:
virtual void What Aml () ;
H
voi d Shape: : What Al ()
{
cout << "| don't know what kind of shape | am\n";
}
LR TR R Shape: Rect angl e
class Rectangle : public Shape
{
1 Dat a nenbers. ..
11 Mermber functions...
publ i c:
voi d What Al () ;
H
voi d Rect angl e: : What Aml ()
{
cout << "I'ma rectangle!\n";
}
e Shape: Tri angl e
class Triangle : public Shape
{
11 Data nenbers. ..
/1 Mermber functions...
publ i c:
voi d What Al () ;
b

voi d Triangl e: : WWhat Anl ()
{
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cout << "I'ma triangle!\n";
}
e
int main()
{

Shape *sl1, *s2, *s3;

sl = new Rectangl e;
s2 = new Triangl e;
s3 = new Shape;

s1->What Aml () ;
s2->What Aml () ;
s3->What Am () ;

return O;
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fstream.

/1 10Streanms Package
/1 Steve Teale April 1992
/1 Copyright Symantec Corp 1990-1992. Al R ghts Reserved.

#i fndef __ FSTREAM H
#define __ FSTREAM H

#i ncl ude <i ostream h>

class filebuf : public streanbuf {

/1 This is a streanbuf class specialized for handling files.

/1 The get and put pointers are |ocked together so that reads and wites
/1 happen at the same offset into the file.

publ i c:
enum { openprot = 0644 };

filebuf();

/1 The default constructor. Creats a filebuf that is not associated
/1 with any file. open() or attach() can then be used to connect

/1 to a file.

filebuf(int file_descriptor, int io_nmbde = ios::in|ios::out
#if MUNIX || MXENI X
)
#el se
|ios::transl ated);

345
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#endi f
/1 Constructs a filebuf for the open file attached to the argunent
/Il file descriptor. Mre conprehensive io_node infornmation can
/1 be specified e.g. ios::app, if required

filebuf(int descriptor, char *nenory, int length

int io_nmode = ios::in|ios::out
#f MUN X || MXENI X
)i
#el s
|ios::transl ated);
#endi f

/1 Constructs a filebuf for the open file attached to the

/1 file_descriptor, and sets the buffer to "nmenory", which is of
/1 "length" bytes in size. If menory is 0 or length is <=0

/1l it is taken as a request that the file be unbuffered

~filebuf();
filebuf *attach(int file_descriptor
int io_node = ios::in|ios::out
#if MUNIX_ || MXEN X
)
#el se
|ios::transl ated)
#endi f

/1 Attaches an open file to a filebuf. Returns "this" if successful
/1 0 if the filebuf is already attached to a file

filebuf *close();

/'l Flushes output, closes the file, and detaches the file fromthis
/1 filebuf. Oears the error state unless there is an error flushing
/1 the output. WII always close the file and detach it fromthe

/Il filebuf, even if there are errors

int fd() const { return file; };
/!l Returns the file descriptor for the connected file. If the
/1 filebuf is closed or not attached to a file, returns ECF

int is_open() const { return file != EOF, };
/! Returns non-zero when this filebuf is attached to a file,
/1 otherw se returns zero

filebuf *open(const char *nane, int io_node
int protection = openprot);
/1 Opens the file "name", and connects it to this fil ebuf.
/1 io_node is a bit-mask containing one or nore of the values of
/1 enum open_node:
/1 ios::in Open for reading.
/1 ios::out Open for witing.
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/1 ios::ate Position to the end-of -file.

/1l ios::app Open the file in append node.

/1 ios::trunc Truncate the file on open.

/'l io0s::nocreate Do not attenpt to create the file if itdoes not exist.
/1 ios::noreplace Cause the open to fail if the file exists.

/1 ios::translate Convert CR/LF to newine on input and vice versa on output

streanpos seekoff(streanoff offset, ios::relative_to,

int which);
/'l Relative seek the get and put pointers within the file.
/1 The get and put pointers of a filebuf always point to the
/1 sane byte of the file.

streanmbuf *setbuf(char *nenory, int |ength);

/1 Set the buffer to use "nmenory", of "length" bytes.

/1 1f memory == 0 or length <= 0, it is taken as a request that
/1 1/Oto the file be unbuffered.

int sync();

/1 Flush any bytes in the get buffer, and re-position the file so
/1 that is appears they were never read. Wite any bytes in the
/1 put buffer to the file.

#if __ZTC__ > 0x214
int overflow(int c);
#el se
int overflowint ¢ = EOF);
#endi f
/1 Flush bytes in the put area to the file.

int underflow);
/1 Get nore bytes for reading.

prot ect ed:
int doallocate();

int pbackfail (int c);
// Called to atenpt recovery if putback attenpted at
/1 start of get buffer

private:
void buffer_setup();
/1 Internal. Set up I/O buffer.

int newines();
/1 count newline chars in the get buffer

int syncin();
int syncout();
/1 two halves of sync() function
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int fillbuf();
int flushbuf();
/1 Functions which actually transfer to/fromthe file

int file;
/1 File descriptor for the associated file.

short node;
/1 1/0 node fromthe argument to open().

char unbuf[2];
/1 pseudo buffer for unbuffered operation

char *gptr_;

char *egptr_;

/1 Save old gptr() & egptr() while using the
/'l pushback buffer.

char pushback_buf[4];

/1 Reserve buffer for pushback.

/1 Only used if there is no roomfor pushback in
/1 the regular buffer.

char do_not _seek;
/1 Set if the file (device) does not support seeks.
/1 This is set for a TTY, or a Unix pipe.

char own_file_descriptor;
I/l Set if the file descriptor is fromopen, and
/1 the file should be closed by the destructor.

static const int |seek_consts[3];
/1 A look up table for the |seek constants from
/'l the appropriate C header file

}s

class fstream comon : virtual public ios {
/! Features common to ifstream ofstream and fstream

public:
void attach(int file_descriptor, int io_node);
/Il Attach the filebuf to the argument file descriptor, error state
/l set to ios::failbit]|ios::badbit on failure.

void close();
/1 Flush the filebuf, and close the file attached to it. Error state

/1 set ios::failbit|ios::badbit if rdbuf()->sync() fails. File closed
/1 regardl ess.
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voi d open(const char *nanme, int io_node

int protection = fil ebuf::openprot);
/1 Open a file, and attach it to the filebuf. Error state set to
/1 ios::failbit]ios::badbit on failure

void setbuf(char *menory, int length)

{
}

/1 Use the argument menory, of the given length, as the I/0 buffer

buffer. setbuf (nenory, length);

filebuf *rdbuf() { return &uffer; }
/1 Note that fstreamcommon::rdbuf returns a filebuf*
/1 instead of a streanbuf*.

pr ot ect ed
fstream common() ;
filebuf buffer;

}

class ifstream: public fstream conmon, public istream {
public:
ifstream();
/Il Create an ifstream not attached to any file.

ifstreanm(const char *nane, int io_nbde = ios::in | i0S::nocreate
#if MUNIX || MXENI X
,int protection = filebuf::openprot);
#el se
| ios::translated, int protection = fil ebuf::openprot);
#endi f
/1 Open the argunent file and create an ifstream attached to it

ifstrean(int file_descriptor, int io_node = ios::in
#f MUNX || MXEN X
)
#el s
| ios::transl ated)
#endi f

I/l Create an ifstream attached to the argunent file descriptor.

ifstream(int file_descriptor, char *menmory, int |ength

int io_nmbde = ios::in
#f MUNIX || MXEN X
)
#el s
| ios::transl ated)
#endi f

/1 Create an ifstream attached to the argunent file descriptor, and
/1 using the argunent nenory as the |1/0O buffer
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~i fstream);
void attach(int file_descriptor, int io_mde = io0s::in
#f MUN X || MXEN X
)
#el se
| ios::transl ated)
#endi f
{
fstream conmon: : attach(fil e_descriptor, io_node)
}
voi d open(const char *name, int io_npde = ios::in
#f MUN X || MXENI X
,int protection = filebuf::openprot)
#el se
| ios::translated, int protection = fil ebuf::openprot)
#endi f
{
fstream conmon: : open(nane, io_nbpde, protection);
}

}s

class of stream: public fstream conmon, public ostream {

publ i c:
of st ream();
/] Create an ofstream not attached to any file.

of stream(const char *nane, int io_nbde = ios::out
#f MUN X || MXENI X
,int protection = filebuf::openprot);
#el se
| ios::translated, int protection = fil ebuf::openprot);
#endi f
/1 Open the argunent file and create an ofstream attached to it

of strean(int file_descriptor, int io_node = ios::out
#if MUNIX || MXEN X
)
#el se
| ios::transl ated)
#endi f

/] Create an ofstream attached to the argunent file descriptor.

of strean(int file_descriptor, char *nenory, int length
int io_nopde = ios::out
#f MUNIX || MXEN X
)

#el se
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| ios::transl ated)
#endi f
/1 Create an ofstream attached to the argunment file descriptor, and
/1 using the argunent nenory as the 1/0O buffer

~of stream()
void attach(int file_descriptor, int io_nobde = ios::out
#if MUN X || MXEN X
)
#el se
| ios::translated)
#endi f
{
fstream common: : attach(fil e_descriptor, io_nbpde)
}
voi d open(const char *nanme, int io_node = ios::out
#f MUN X_ || MXEN X
,int protection = filebuf::openprot)
#el se
| ios::translated, int protection = fil ebuf::openprot)
#endi f
{
f stream conmon: : open( nhane, io_node, protection);
}

}s

class fstream: public fstreamcomon, public iostream {

public:
fstream));

/l Create an fstreamnot attached to any file.

fstreamconst char *name, int io_nobde = ios::in|ios::out
#f MUN X || MXENI X
,int protection = filebuf::openprot);
#el se
| ios::translated, int protection = fil ebuf::openprot);
#endi f
/1 Open the argunent file and create an fstream attached to it.

fstream(int file_descriptor, int io_nbde = ios::in | ios::out
#if MUNIX || MXENI X
)
#el s

| ios::transl ated)
#endi f
/] Create an fstream attached to the argunent file descriptor.
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fstream(int file_descriptor, char *menory, int length

int io_nbde = ios::in | ios::out
#f MUNIX || MXEN X
)
#el se
| ios::transl ated)
#endi f

/] Create an fstream attached to the argument file descriptor, and
/] using the argument menory as the 1/0 buffer

~fstream();
void attach(int file_descriptor, int io_nmpde = ios::in | io0s::out
#f MUN X || MXENI X
)
#el se
| ios::translated)
#endi f
{
fstream common: : attach(fil e_descriptor, io_node)
}
voi d open(const char *name, int io_node = ios::in | ios::out
#if MUN X || MXEN X
,int protection = filebuf::openprot)
#el se
| ios::translated, int protection = fil ebuf::openprot)
#endi f
{
f stream common: : open(nane, io_node, protection);
}

}s
#endif // __ FSTREAM H
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/1 10streanms Package
/1 Steve Teale April 1992
/] Copyright Symantec Corp 1990-1992. Al Rights Reserved.
#i fndef __| OVANI P_H
#define __ | OMANI P_H
#i ncl ude <i ondefs. h>
ios & iomani p_resetiosflags(ios& |ong);
inline SMANI P<l ong> resetiosflags(long f)

{ return SMANI P<l ong>(_i omani p_resetiosflags,f); }
os & ionmanip_setfill (ios&, int);
nline SMANI P<int> setfill(int filler)

{ return SMANI P<int>(_i omani p_setfill, filler); }
os & ionani p_setiosflags(ios& |ong);
nl i ne SMANI P<| ong> seti osfl ags(long f)

{ return SMANI P<l ong>(_i omani p_setiosflags,f); }
0s & ionani p_setprecision(ios& int);
nl i ne SMANI P<i nt > setprecision(int n)

{ return SMANI P<int>(_i onani p_setprecision,n); }
0s & iomani p_setwios& int);
nline SMANI P<int> setw(int w)

{ return SMANI P<i nt>(_i omani p_setw, w); }
ios & ionmani p_setbase(ios&, int);
inline SMANI P<i nt > setbase(int n)

{ return SMANI P<i nt>(_i onani p_set base, n); }

#endif // __IOVANIP_H
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10stream.

/1 10Streanms Package

/1 Steve Teale April 1992

/1 Copyright Symantec Corp 1990-1992. Al R ghts Reserved.
#ifndef __| OSTREAM H

#define __| OSTREAM H

#i ncl ude <stddef. h>

#i ncl ude <2conp. h>

#define seek_dir relative_to

#i f ndef EOF
const int EOF = -1,
#endi f

const int _ios_default_decinal_precision = 6;

const int _ios_n_extended_formt_words = 10;

/1 This is the nunber of extended format state words reserved for use

/1 by derived classes and user inserters. This val ue shoul d be reasonably
/1l small, as it inflates the size of each instance of ios.

cl ass streanpos {
friend class streanoff;

publ i c:
streanpos(l ong el ens, size_t elensize = 1) : ne(el ens), es(el ensize) {}
operator long() const { return (ne == -1)? ECF: ne*es; }
private:
| ong ne;
size_t es;
b
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class streanoff {

publ i c:
streanof f (I ong el ems, size_t elensize = 1) : ne(el ens), es(el ensize) {}
streanoff (streanpos &) : ne(a.ne), es(a.es) {}
size_t stepsize() const { return es; }

long steps() const { return ne == -1? 0: ne; }
streanof f & operator += (long o) { ne += o; return *this; }
streanof f & operator -= (long o) { ne -= o; return *this; }

operator long() const { return steps()*es; }

private:
| ong ne;
size_t es;
H

cl ass streanbuf;
cl ass ostream
class istream

class ios {

/1 This is the base class for istreamand ostream and all of their
/1 derivations.

friend ostream &endl (ostream &) ;

publ i c:
enumio_state {
goodbi t =0,

/1 No errors - everything hunky dory!

eof bit =1,
/1 Normally set when underflow failed because there was no nore file.

fail bit=2,

/1 An error has ocurred, but it is probably recoverable, and the
// streamis still in a useable state

badbi t =4

/1 A fatal error has ocurred

h

/1 This is called seek_dir in the AT & T version, which is m sl eading.
/1 A define is included above for conpatibility. These enunerators are
/1 used to specify relative seeks in streans.
enumrel ative_to {
beg,
/'l For seek operations relative to the begi nning of the stream (file),
cur,
/1 relative to the current position in the stream (file),
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}s
/1

end
/1 and relative to the end of the stream (file)

The foll owing enuneration applies to file related derivatives.

enum open_node {

}s

/1
/1
/1

/1
/1
/1

i n=0x1,
/1 1nput allowed

out =0x2,
// CQutput allowed

at e=0x4,
/1 A seek to the end of the file to be perforned during open.

app=0x8,
/1 Al wites are to the end of the file - inplies out

trunc=0x10,
/1 Existing contents of the file to be discarded. Inplies out
/1 unless ate or app specified as well.

nocr eat e=0x20,
/1 Open will fail if the file does not already exist

nor epl ace=0x40,
/1 Open will fail if the file does already exist

transl ated = 0x80

/! CRILF pairs to be translated to new ine characters on input
/1 and new ine characters to be translated to CR'LF pairs on
/1 output (the normal behavi our for DOS)

The formatting state is a bit-mask used to control sone of the
inserters and extractors. Al of the bits of the fornat state
can be nani pul ated by flags(), setf(), and unsetf(). Sone

specialized parts of the formatting state can be mani pul at ed
by fill(), width(), and precision() . Here are the neanings
of the various bits:

enum format _node {

ski pws = 0x1,

/1 Skip past |eading white space when extracting.
/1 Since zero-width fields are considered an

Il error by the numeric extractors, attenpting
/1 to extract white-space into a nunber without
/1 this bit set will set an error flag.

left = 0x2,
/1 Left-adjust values when inserting (fill on the right).
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right = 0x4,
/1 Right-adjust values when inserting (fill on the left).
internal = 0x8,
/1 When inserting, fill _between_ the nuneric sign or

/1 base indicator and the val ue.

dec = 0x10, oct = 0x20, hex = 0x40,

/1 Default radix for integers. If neither dec, octal,

/1 or hex is set, integer inserters use base 10, and

/1 integer extractors interpret nunbers according to the
/1 C++ lexical convention: "Ox" precedes a base-16 nunber,
/1 and a nunber with a |eading zero is base-8.

showbase = 0x80,
/1 If this is set, base-16 nunbers will be inserted with a
/1 leading "0x", and base-8 nunbers will have a |eading zero.

showpoi nt = 0x100,

/1 1f this is set, the floating-point inserters will print a
/1 decimal point and trailing zeroes, even when the trailing
/'l places are not significant.

upper case = 0x200,

/1 1f this is set, "E' instead of "e" will be used to indicate
/1 the exponent of a floating point nunber, and "A" through "F"
/1 will be used to represent base-16 nunerals instead of "a"

/1 through "f"

11
/1 |f uppercase and showbase are both set, the string "OX"
/1 instead of "Ox" will be used to indicate a base-16 nunber.

showpos = 0x400,
/1 If this is set, positive nunbers will be inserted with a
/1 leading "+".

scientific = 0x800,

/1 1f this is set, the floating-point inserters will print a
/1 nunber with one digit before the decimal point, and the

/'l nunber of digits after the decimal point equal to the

/1 value of precision(). The character "e" wll introduce the
/] exponent.

fixed = 0x1000,

/1 If this is set, the floating-point inserters will use

/Il precision() to determine the number of digits after the

/1 decinmal point.

/1

/Il If neither scientific or fixed is set, nunmbers with

/1 exponents snaller than -4 or greater than precision() will

/! be printed as if scientific were set. Qther nunbers wll

/1 be printed using zeroes to explicitly show the deci mal place.
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uni t buf = 0x2000,

/1 Wen this is set, a flush is performed after each insertion
/1 (by ostream:osfx()). This is nore efficient than using

/1 unbuffered output, but provides nobst of the same advant ages.

stdi o = 0x4000
/1 When this is set, streams using stdiobufs will flush stdout and
/1 stderr after each insertion.
/1 Note that it is not possible to use bit 0x8000 in this way,
/1 as this evaluates to an enunerator with a negative value and
/1 lots of bits set.
}; /1 end enum format_node

static const long stickywi dth; static const |ong spacing;
enum format _node_mask {
defaults = right]|ski pws, basefield = dec|oct]| hex,
adjustfield = left|right|internal, floatfield = scientific|fixed

}s

public: // just a rem nder!
i os(streanbuf *buffer);
/'l Construct an ios associated with the argument streanbuf.
/1 "buffer" should not be null.
virtual =~ios();

FEEEEEEEEE i r b r i
/1
/'l Functions to interrogate/set the error state

int good() const { return error_state == 0; };
/1 1f there are no error bits set, this returns non-zero, otherw se
/1 it returns zero.

int eof () const { return error_state & eofbit; };

/1 If eofbit is set in the error state, this return non-zero, otherw se
/Il it returns zero. This indicates that end-of-file has been reached

/1 while reading the character stream

int fail() { return error_state & (badbit | failbit); }
/1 If badbit or failbit is set in the error state, return non-zero.
/1 Otherwi se, return zero. Failbit generally indicates that sone

/'l extraction has failed, but the streamnmay still be used once
/1 failbit has been cleared.

int bad() const { return error_state & badbit; }
/1 Returns non-zero if badbit is set in the error state. This
/1 indicates sone unrecoverable error, generally an I/O error.

int operator! () const

{

return error_state & (badbit|failbit);
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}

/!l Return non-zero if badbit or failbit is set in the error state,
/1 which allows expressions of the form
/Il if ( !'cout )

operator void*()
{

return (error_state & (badbit|failbit))?

0: this;

}
/1 Convert an ios to a value that can be conpared to zero, but can
/1 not be easily used accidentally. The return value is a void pointer
/1l that will be zero if failbit or badbit is set in the error state,
/1 and non-zero otherwi se. This allows an iostreamto be used
/1 in conditional expressions that test its state, as in:
/1 if (cin) and if ( cin >> variable )

int rdstate() const { return error_state; };
/1 Returns the current error state.

void clear(int newstate = 0) { error_state = new state; }

/]l Stores "new state" as the error state.

/1

/1 To set a bit without clearing others requires sonething like
Il clear(bits_to_set | rdstate())

FEEEEEEEEE i r i r e rrrn 1
/1 Functions to set/interrogate various options

char fill(char new_val ue)

{
char ol d_val ue = paddi ng_character;
paddi ng_character = new_val ue;
return ol d_val ue;
}
/1 Sets the fill character, and returns the old value. This is the

/'l character used to pad output when the left, right, or internal
/1 adjustnents are in effect.

char fill() const { return padding_character; }
/!l Returns the fill character.

int precision(int new_val ue)

{
int old_value = deci mal _precision;
deci nal _preci sion = new_val ue >= 0?
new val ue: _ios_default_deci mal _precision;
return ol d_val ue;
}

/1 Sets the decimal precision, and returns the old val ue.
/1 This controls the nunber of digits inserted after the deci nal
/1 point by the floating-point inserter.
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int precision() const { return decimal _precision; }
/1 Returns the current decimal precision.

ostream *tie(ostream* new_val ue)

{
ostream *ol d_val ue = tied_ostream
ti ed_ostream = new_val ue;
return ol d_val ue;

/'l Facilitate autonmatic flushing of iostreans.

/1 Associate this ios to an ostream such that the ostreamwill be

/1 flushed before this ios makes a request for characters, or flushes
/1 output characters. These ties exist by default:

/1 cin.tie(cout);

/1 cout.tie(cerr);

/Il cout.tie(clog);

/1 For other instances of ios, the tie is set to zero by default.
/1l This returns the old val ue.

long flags() const { return fornat_state; }
/1 Return the format state flags.

long flags(long new val ue)

long ol d_value = fornmat_state;
format _state = new_val ue;
return ol d_val ue;

}

/1 Sets the format state flags, returning the old val ues.

long setf(long bits_to_set, |ong mask = 0) {
long old_value = format _state; format_state =
(format _state & ~mask) | bits_to_set;
return ol d_val ue;
}
/Il Cears the bits corresponding to mask in the format state, and
/1 then sets only those bits fromthe value of bits_to_set.

long unsetf(long bits_to_clear)

{
long ol d_value = format_state;
format _state & ~bits_to_clear;
return ol d_val ue;

H

/Il Cears flags in the format state.

ostream *tie() const { return tied_ostream };
/1 Return the current "tied" ostream

int width(int new_ val ue);
/1l Sets the field width used by inserters.



362 Appendix E

/1 When the width is zero, inserters will use only as many characters
/1 as necessary to represent a value. Wen the width is non-zero,
/1 inserters will insert at |least that many characters, using the
/1l fill character to pad out the field. Inserters will never truncate,

/1 so they may out put nore characters than the current width.

int width() const { return field_width; };
/1 Returns the current width.

NN NN NN NN NNy,
I/
/1 OQher utilities

streanmbuf *rdbuf() { return buf; }
/! Returns a pointer to the streanbuf associated with this ios.

static void sync_with_stdio();

/1 Use this when mxing C and C++ in the same program

/Il It resets cin, cout, cerr, and clog to use stdi obufs, and
/1 thus nakes 1/O to these streans conpatible with the C stdio.
/1 1nvoking this degrades performance.

PEEEEEEEEE i rr i b
/1

/1 Functions to manipul ate user defined format flags and control
/1 words.

static int bitalloc();

/1 Returns an int with one previously-unallocated bit set.

/1 This allows users who need an additional format flag to

/'l get one. Note that this allocation is global for class ios,
/1 not local to any instance of class ios.

static int xalloc();
/1 Returns a previously-unused index into an array of words usable
/1 as format-state variables by derived cl asses.

long & word(int index)

{
}

/1 Returns a reference to one of the auxillary fornat state words
Il reserved for use by derived classes and user inserters, where
/1 index is a value returned by xalloc().

return extended_fornmat_words[index].l;

voi d* &pword(int i ndex)

{
}s

/1 Returns a reference to a pointer to one of the auxillary fornat
/1 state words reserved for use by derived classes and user
/'l inserters, where index is a value returned by xalloc().

return extended_fornmat _words[index]. vp;
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prot ected:
voi d set_buffer(streanbuf *b) { buf = b; }

private:
streanbuf *buf;
ostream*ti ed_ostream
long format _state,;
char error_state;
char paddi ng_character;
short  deci mal _preci sion;
short field_width;
uni on {
void *vp;
long I|;
} extended_fornmat_words[_i os_n_ext ended_f or mat _words];
ios(const i0s&);
i os &operator=(const i0s&);
/1 These copying functions are private so that the conpiler
/1 will conplain about an attenpt to assign an ios. It is not
/1 actually defined. Instead of copying an ios, assign a pointer
/Il toit.

}s

LEETEEEEEE i rr i r b rnrrrnd
/1 Mani pul at or functions

ios &dec(ios&);

/1l Set the default integer radix to 10.

/1 Invoke this (and the other manipulators) this way:
/1 stream >> dec;

/] stream << dec;

ios &hex(ios&);
ios &oct(ios&);
ios &defaul ts(ios&);

cl ass streanbuf {

/1 Streanmbuf abstracts the operations used to performI|/O on a character

/1 stream such as a conputer termnal, a file or a string.

/1

/1 The two basic operations are "get", which fetches characters fromthe

/1 stream and "put", which places characters on the stream Sone streanbufs

/1 are unidirectional, in which case they support the "get" operation but
/! not "put", or vice-versa.
/1

/1 Sone streanbufs are bi-directional, with the "get" and "put" offsets
/] at different locations in the stream Sone streanbufs may inpl ement
/Il a circular buffer between the "get" and "put" offsets, as in a FIFQ

/1 Sonme streanbufs lock the "get" and "put" offset together, as in a UNX file.

/1 Sone streanbufs provide buffered 1/0 on the underlying character streans
/1 for efficiency.
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/1
/1 Streambufs contain a buffer, a get area, and a put area. Usually, the
/1 get area and put area overlap the buffer, but do not overlap each other.

public:
streanbuf ();
/1 The default constructor.

streanbuf (char *menory, int length);
/'l Constructs a streanbuf, possibly using the argunent buffer.
virtual ~streanbuf();

void dbp();

/1 Wite debugging information about the streanbuf on file
/1 descriptor 1. Nothing about the formof that information
Il is specified.

int in_avail() const { return _egptr - _gptr; }

/'l Return the nunber of characters that can be read i mediately
/1 with a guarantee that no errors will be reported.

int out_waiting() const { return _pptr - _pbase; }

/! Return the nunber of characters that have not
/1 been flushed away, or ECF if there are no characters.

virtual streanbuf *setbuf(char *nenory, int |ength);

/1 Requests that this streanbuf use the argument nenory buffer.

/'l Special case: a null nenory argunment, or a length argument that is
/1 zero or negative, is taken as a request that this streanbuf be
/1 unbuf fered.

/1

/1 1f the request to set the buffer is honored, return "this",

/1 otherw se return 0.

/1

/1 * Use of this interface, except by a derived class of streanbuf,
/1 is discouraged. It is not protected for conpatibility with the
/'l original stream package in Stroustrup.

/1

/1 The default version of this nmenber will honor the request if no
/1 buffer has been all ocated.

virtual streanpos seekpos(streanpos position,

int which=ios::in|ios::out);
/1 Perforns an absolute seek of the get or put pointers, or both, to
/1 "position". Position is an inplenentation-dependent val ue which
/1 should not have arithmetic performed on it. "which" signifies what
/1l pointer is to be affected: ios::in signifies the get pointer, and
// ios::out signifies the put pointer. The two "which" values may be
/1 or-ed together, in which case the operation affects both pointers.
/1
/1 * The default version of this menber returns
11 seekof f (posi tion, io0s::beg, which)
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/1 thus is is only necessary for a derived class to define
/1 seekoff(), and use the inherited seekpos().

virtual streanpos seekoff(streanoff offset, ios::relative_to pos,

int which=ios::in|ios::out);
/1 Performs a relative seek of the get or put pointers, or both, by
/1 "offset". Position is a byte offset, and may be negati ve.
/1 "pos" may be ios::beg, which signifies a seek relative to
/1 the beginning of the stream ios::cur, which signifies a seek
/Il relative to the current position in the stream and ios::end, which
/1 signifies a seek relative to the end of the stream
/1 "which" signifies what pointer is to be affected: ios::in
/1 signifies the get pointer, and ios::out signifies the put pointer.
/1 The two "which" values may be or-ed together, in which case the
/1 operation affects both pointers.
/1l * The default version of this nenber always returns EOF.

int sgetc()

return _gptr < _egptr?
(unsigned char) *_gptr: underflow();
}
/1 Returns the character at the get pointer, w thout noving the get
/1 pointer.

int sbunpc()

return _gptr < _egptr?
(unsigned char) *_gptr++: sbunpc_special ();
}
/1l Moves the get pointer forward one character, and return the
/1 character it noved past.

int sgetn(char *buffer, int count);

/1 Fetch the "count" characters follow ng the get pointer, and

/1 stores themin "buffer". |f there are less than "count" characters,
/1 the nunber renmining are fetched. The get pointer is repositioned

/1 after the fetched characters, and the nunber of characters fetched
/1 is returned.

int snextc()
{
return _gptr+l1 < _egptr?
((unsi gned char) *(++_gptr)): underflow();
}

/1 Skip past the character at the get pointer, and return the
/1 character after that, or ECF.

int sputbackc(char c)

{

return _gptr > _gbase?
(*(--_gptr) =rc, 0): pbackfail(c & 0x00ff);
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}

/1 Move the get pointer back one character. If ¢ is not the |ast

/'l character retrieved, the effect is undefined. In this inplenentation
/1 it should work

int sputc(int c)
{
return _pptr < _epptr?
(*_pptr++ = ¢, 0): overflow(c & 0x00ff);
}
/1 Store c on the character stream advancing the "put" pointer.
/1 Return EOF when an error occurs.

int sputn(const char *string, int |ength);

/1 Store "n" characters on the character stream advancing the "put"
/1 pointer past the stored characters. Return the nunber of characters
/1 stored, which nay be less than "n" if there is an error.

void stossc()

{
}

/1 Skip the "get" pointer forward, wasting one character of input.
/1 1f the get pointer is already at the end of the sequence
/1 this has no effect.

if (_gptr < _egptr) ++_gptr;

virtual int sync();

/1 Make the external character stream and the streanbuf consistent
/1 with each other. This usually neans:

/1 1. 1If there are characters in the get area, return themto the

11 stream or throw them away. Re-position the stream so that

11 it appears that the characters that had been in the get area

/1 had never been taken fromthe stream

/1 2. If there are characters in the put area, store themto the

11 stream Re-position the streamimmediately after the characters
1 just stored.

/1 3. Return EOF if there's an error, otherwi se return sone other

11 val ue.

1 * The default version of this nmenber will return O if the get area
11 is enpty, otherwise it returns EOF.

virtual int overflowint c = EOF);

/1 This is called to store characters in the character stream usually
/1 when the put area is full. It generally stores all of the characters
/! that are in the put area, stores c if it is not EOF, and calls

/Il setp() to establish a new put area. It should return ECF if it

/1 has an error, otherw se return sone other val ue.

virtual int underflow();
/1 This is called to read characters fromthe character stream
/1 usually when the get area is enpty. It should read one or nore
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/'l characters, and place themin the get area. It should return the
/1 first character in the get area, wi thout incrementing the get
/1 pointer. It should return EOF if there's a problem

prot ect ed:
/1 Buffer base and one past the end
char *base() const { return _base; }
char *ebuf() const { return _ebuf; }
/1 Get pointer, pushback limt, and one past end of put area
char *gptr() const { return _gptr; }
char *eback() const { return _gbase; }
char *egptr() const { return _egptr; }
/1 Put pointer, and one past end of put area
char *pbase() const { return _pbase; }
char *pptr() const { return _pptr; }
char *epptr() const { return _epptr; }
int blen() const { return _ebuf-_base; }
/!l Return the size in characters of the buffer.

int allocate();

/!l Try to set up the buffer. If one already exists or unbuffered() is
/'l non-zero, return O without doing anything. |If sonething goes wong,
/1 return EOF. OGtherwise, return 1. This function is only called by
/1 virtual nenbers of the base class streanbuf, thus you can override
/1 everything that uses it.

virtual int doallocate();

/1 This is called when allocate() deternines that space is needed.
/1 This function nust call setb() to set up the buffer, and return
/1 a non-eof value, or return EOF if it can not get space.

/1 This function is only called if unbuffered() is zero, and base()
/1l is zero.

/1

/1 * The default version allocates a buffer using operator new.

virtual int pbackfail (int c);

/1 This is called by sputbackc() when the get pointer is equal to
/1 the base of the get area, and there is thus no space to put back
/1 characters. It may try to re-arrange the buffer so that it is

/'l possible to put back characters, and then put back c. If it

/1 succeeds it should return c, otherwise it should return ECF.

/1 * The default version of this menber always returns ECF.

voi d setg(char *base, char *get, char *end)

{
_gbase = base;
_gptr = get;
_egptr = end;
}

/1 Sets the base of the get area, the get pointer, and the end of
/1 the get area.
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void setp(char *base, char *end)

{

_pbase
_epptr

_pptr = base;
end;

}

/] Sets the base of the put area, the put pointer, and the end of
/'l the put area.

void setb(char *base, char *end, int own = 0);

/1 Sets the base and end of the buffer. If own is true, then this

/1 streambuf will delete base in its destructor or if setb() is called
/1 again.

void gbunmp(int n) { _gptr +=n; }

void pbump(int n) { _pptr +=n; }

int unbuffered() const { return _unbuffered; }
voi d unbuffered(int u) { _unbuffered = u; }

private:

}s

char *_base;

char *_ebuf;

char *_gbase;
char *_gptr;

char *_egptr;
char *_pbase;
char *_pptr;

char *_epptr;
char _unbuffered;
char _owned;

char unbuf[2];

/1 This is big enough to deal with the transl ated case when unbuffered

int sbunmpc_special ();

/1 Called by sbunpc() when get_pointer == get_area_end.

/1 Sinply calls overflow(), increnments the get pointer, and

// returns the value returned by overflow(). It's here so that
/'l the special -case code does not have to be inlined.

class ostream: virtual public ios {

Il
/1
/1
Il
/1
/1
Il
/1
/1

This is the class used for fornatted character output.
The various "operator << (...)" menbers are called "inserters", because
they insert information into the character stream

Unl ess otherwi se noted, all of the functions here that do output set
the error state on failure.

Wiere the inserters perform conversions of nunbers to a readable string,
the conversion is affected by the format state flags in ios::flags().
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publ i c:
ostrean(streanbuf * buffer);
/1 Construct an ostream associated with the argunment streanbuf.

virtual ~ostrean();

ostream &f | ush();
/1 Flush any characters queued for output.

int opfx();

/1 Perform out put-prefix operations.

/1 1f the error state is non-zero, return zero i medi ately.

/1 If there is a tied ostream (see ios::tie()), flush it.

/1 Return non-zero. |f you define your own inserter that directly
/1 mani pul ates the streanbuf instead of calling other inserters,
/1 it should call this when it starts.

voi d osfx();

/1 Perform out put-suffix operations.

/1 1f ios::unitbuf is set in the format state, flush output.

/1 If ios::stdio is set, flush stdio and stderr.

/1 If you define your own inserter that directly manipul ates the
/1 streambuf, it should call this just before returning.

/1 Al of the inserters in ostreamcall this.

/1 The binary put() and wite() functions do not call this.

ostream &put (char c);
/1 Inserts a character

ostream &seekp(streanpos position);
/1 Absol ute seeks the output streamto "position".

ostream &seekp(streanoff offset, seek_dir direction);
/'l Relative seeks the output stream See streanbuf::seekoff()

streanpos tellp();
/! Returns the current position in the output stream

ostream &wite(const void *data, size_t size);

size_t pcount() { return wite_count; }

/1 Inserts the block of "size" bytes starting at "data". Does not

/1 performany formatting. The number of characters successfully

/1 output can be deternmined by a following call to ostream: pcount().

ostream &oper at or <<(const char *string);
ostream &oper at or <<(const signed char *string)
{ return operator<<((const char *) string); }
ostream &oper at or <<(const unsi gned char *string)
{ return operator<<((const char *) string); }
/1 Insert a null-termnated string.
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ostream &oper at or <<(char c);
ostream &oper at or <<(si gned char c)
{ return operator<<((char) c¢); }
ostream &oper at or <<(unsi gned char c)
{ return operator<<((char) c); }
/1 Insert a single character.

ostream &operat or <<(short v)

{ return _2Conp::insert(*this, &, sizeof(short),1); }
ostream &operat or <<(int v)

{ return _2Conp::insert(*this,&v,sizeof(int),1); }
ostream &operat or <<(l ong v)

{ return _2Conp::insert(*this, &, sizeof(long),1); }
ostream &oper at or <<(unsi gned short v)

{ return _2Conp::insert(*this,&,sizeof(unsigned short),0); }
ostream &oper at or <<(unsi gned v)

{ return _2Conp::insert(*this, &, si zeof (unsi gned), 0); }
ostream &oper at or <<(unsi gned | ong v)

{ return _2Conmp::insert(*this, &, sizeof (unsigned long),0); }

#i f maci ntosh
ostream &oper ator<<(float v) { return operator<<((long double) v); }
ostream &oper at or<<(double v) { return operator<<((long double) v); }
ostream &oper at or <<(| ong doubl e);

#el se
ostream &operator<<(float v) { return operator<<((double) v); }
ostream &oper at or <<(doubl e) ;

#endi f

ostream &operator<<(void *);
/1 Convert a pointer to a hex integer, and insert.

ostream &oper at or <<(streanbuf *source);
/1 Insert all of the characters that can be fetched fromthe streanbuf.

ostream &oper at or <<(ostream & *mani pul at or) (ostream &))
{ return (*manipulator)(*this); }
/1 Paranmeterl ess nmanipul ators are inplemented by providing an

/Il inserter for the type pointer to function taking an ostreamreference
/1 argunment and returning an ostreamreference. The specified function
/1 is sinple executed for the current ostream

ostream &operator<<(i os & *mani pul ator) (i os &)
{
(*mani pul ator) (*this);
return *this;
}
// Simlar facility to insert a pointer to function taking an ios
/1 reference argunent.
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/1 This isn't in the draft standard, but it is so useful in the
/1 inplementation of inserters that it is nade public here.
int pad(int where, int wide);

prot ect ed:
ostrean();
/1 ios will be initialized by derived class

private:
size_t wite_count;
/1 Records nunber of bytes actually put out by a wite()

void eof fail() { clear(ios::badbit | ios::failbit | ios:: eofbit); }
/1 Internal. Set error flags after an output ECF error.

#i f maci ntosh
int fixed_point(long double, char *);
#el se
int fixed_point(double, char *);
#endi f
/1 Internal. Convert double to fixed-point string

#i f maci ntosh
int sci_notation(long double, char *, int &;
#el se
int sci_notation(double, char *, int &;
#endi f
/1 Internal. Convert double to scientific-notation string.

int adjust(int bit_to_ test, int field width);
/1 Manages paddi ng

void flush_stdio();

/1 Called by osfx() if ios::stdio is set. This functionis in a
/1 separate nodule to prevent the stdio stuff from being pulled
/1 in when it is not required.

}s

/1 The followi ng functions provide paraneterless inserters of the
/'l type noted above. They have to be real functions because we
/1 need to take their address.

ostream &ends(ostrean®) ;

/1 Ends a string by inserting a null character. Use this on strstreans
/1 before you call ostrstream:freeze()

/1

/1 stream << "whatever" << ends;

ostream &f |l ush(ostrean®);

/1 Flushes output on an ostream
/1

/1 stream << "whatever" << flush
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ostream &endl (ostream &) ;

/1
/1
/1
/1
/1
/1

Inserts the appropriate newline character(s) for the system and flushes
output. On Unix the newline character is inserted. On DCS, the
carriage-return and newline characters are inserted. Thus, using endl
instead of '\n' or "\r\n" is nore portable.

stream << "whatever" << endl;

ostream &sti ckywi dt h(ostream &) ;

/1
/1

Sets the state so that width is not reset after each insertion
unlatch this by a call to width() or use setw mani pul ator.

ostream &spaci ng(ostream &) ;
ostream &nospaci ng(ostream &) ;

/1
/1

Sets the state so that a space is output after any item which
makes a call to osfx() except the endl manipul ator.

ostream &f i xed(ostream &);
ostream &scientific(ostream &) ;
ostream &showpoi nt (ostream &) ;
ostream &f | oati ng(ostream &) ;
ostream &upper case(ostream &) ;

/1

Mani pul ate the floating point format, floating sets the default state.

ostream &l eftjust (ostream &);
ostream & i ghtjust(ostream &);
ostream & nternal (ostream &) ;
ostream &showbase(ostream &) ;

/1

/1

Set a justify node

types used by istream dfa extractor function

typedef void (*translate_function_t)(void *, const char *, void *);
typedef int (*helper_function_t)(int, char, void *);

class istream: virtual public ios {

/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1
/1

This is the class used for character input.

The various "operator>>(...)" nenbers are called "extractors", because
they extract infornmation fromthe character stream

* Where the extractors perform conversions of a string to a nunber,
the conversion is affected by the format state flags in ios::flags()
Each of the extractors calls ipfx() first, and returns imediately if
ipfx returns zero. Extractors indicate errors by setting bits of the
error state. ios::failbit nmeans the input characters weren't a
representation of the required type. ios::badbit nmeans that the 1/0
system failed to get the required characters.

* The unformatted extractors (get(), getline()) will set ios::failbit
only if they are not able to extract at |east one character.

* Caveat: The ATT version ignores overflow This version attenpts to set
the error flags on overflow
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publ i c:
static int is_white_space(char c);
/! Internal. Return 1 if the argunent character is white-space,
/1 otherwi se return O.

i strean(streanbuf *buffer);
/1 Construct a new istream associated with the argunent streanbuf.

virtual ~istream();

size_t gcount() { return read_count; }

/1 Return the nunber of characters extracted by the last unfornatted
/1 input function. Qther input functions may call the unformatted

/1 input functions, so this counter is only accurate inmediately

/1 after a call to an unformatted input function.

i stream &get (char *data, int length, char delimter = "'\n");

i stream &get (signed char *data, int length, char delimter = "'\n");

i stream &get (unsi gned char *data, int length, char delinmiter = '\n");
/1 Both of these extract up to "length" characters, storing themin
/l "data". |If a character equal to "delimter" is seen, it is pushed
/1 back on the input stream and extraction stops.

i stream &get (char &destination);

i stream &get (si gned char &destination);

i stream &get (unsi gned char &desti nation);
/1 Extract a single character.

i stream &get (streanbuf &destination, char delinmter = "'\n");

/1 Call ipfx(0), and if the result is non-zero, get characters until
/1 the delimter is seen or EOF, and stuff the characters into the
/1 streanbuf. Doesn't extract the delimter character. Only sets

/1 ios::badbit if it can't extract at |east one character.

int get();
/1 Get one character, and return it in an int. Return ECF if there's
/1 an error.

istream &getline(char *data, int length, char delinmter = '\n");
i stream &getl i ne(signed char *data, int length, char delimter = '\n");
i stream &getline(unsigned char *data, int length, char delimter = '\n");

/1 These two are |ike get(char *data, int length, char delinmter),
/'l except that they extract the terminating delimter instead of
/1 pushing it back.

istream & gnore(int length = 1, int delimter = EOF);

/1 Extract and throw away up to "length" characters. Extraction
/1 stops if "delimter" is extracted, or at EOF. If "delimter"
/1l is EOF, it won't match any character, and thus will not stop
/1l extraction.
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int ipfx(int need = 0);

/1 Performinput-prefix operations.

/1 The argument "need" is the nunber of characters that will be

/1 required, or O if you don't know how many you'll need. The

/1 formatted input functions call this with 0, and the unfornatted
/1 input functions call it with 1.

/1 * If the error state is non-zero, this returns zero i medi ately.
/1l OGtherwise, it returns non-zero when finished.

/1 If there is a tied stream (see ios::tie()) and need is O or greater
/1 than the nunber of inmediately available characters, the tied
/1 iostreamis flushed.

/1 * If ios::skipws is set in the format state, and "need" is zero,
/'l 1eading white-space characters are thrown away and the stream
/1 is advanced to the first avail able character.

/1 This returns zero if there is an error while skipping a

/'l white-space character, otherwi se it returns non-zero.

int peek();

/Il Calls ipfx(1l). If that returns zero, or if the input character
/1 streamis at EOF, return EOF. Otherw se return the next character
/1 without extracting it fromthe input stream

i stream &put back(char c);

/1 Attenpt to push the last character read back onto the input stream
/1 "c" must be the last character read. This does not call ipfx(), but
/1 it will return without doing anything if the error state is

/1 non-zero.

istream & ead(void *data, int size);

/1 Extracts a block of "size" bytes and stores them at "data".

/1 If EOF is reached before "size" bytes are extracted,

// ios::failbit is set. The nunber of characters actually

/1 extracted is available as the return value of istream:gcount().

i stream &seekg(streanpos position);
/1 Absol ute-seek the input character streamto "position".

i stream &seekg(streanoff offset, seek_dir direction);
/1 Relative-seek the input character streamby "offset" relative to
/1 the current position.

int sync();

/1 Establishes consistency between the internal data structure
/1 and the external character source. This usually neans that
/1 characters that were buffered for input are thrown away, and
/1 the file pointer is decrenented so that it appears that the
/1 buffered characters were never read.

streanpos tellg();

/1 Return the current file position. The value returned is a nagic
/1 cookie that is usable only as an argunent to seekg(streanpos).
/1 Don't performarithmetic on the return val ue.
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i stream &operat or >>(char *);
i stream &oper at or >>(si gned char *s)
{ return operator>>((char *) s); }
i stream &oper at or >>(unsi gned char *s)
{ return operator>>((char *) s); }
/1 For the string extractors, characters are extracted until a
/1 white-space is seen. The white-space is pushed back on the
/1 incom ng character stream |f width() is non-zero, it is taken
/1 as the size of the argunment character array, and no nore than
/1 width()-1 characters are extracted. A terminating null character
/1 is ALWAYS stored, even when nothing else is done because of
/1l the error state.

i stream &operat or >>(char &);
/! Extracts a single character, simlar to get()
#i f maci ntosh
i stream &oper at or >>(si gned char &c)
{ return operator>>((char) c¢); }
i stream &oper at or >>(unsi gned char &c)
{ return operator>>((char) c); }
#el se
i stream &oper at or >>(si gned char &c)
{ return _2Conp::extract(*this, &, 1); }
i stream &oper at or >>(unsi gned char &c)
{ return _2Conp::extract(*this, &, 1); }
#endi f

/] Extract byte wide integers -128 - +127 and 0 - 255 respectively
stream &oper at or >>(short &v)

{ return _2Conp::extract(*this, &, si zeof(short)); }
stream &operator >>(int &v)

{ return _2Conp::extract(*this, &, sizeof(int)); }
stream &operator >>(long &v)

{ return _2Conp::extract(*this, &, sizeof (long)); }
st ream &oper at or >>(unsi gned short &v)

{ return _2Conp::extract(*this, &, sizeof (unsigned short)); }
stream &oper at or >>(unsi gned int &v)

{ return _2Conp::extract(*this, &, sizeof(unsigned int)); }
st ream &oper at or >>(unsi gned | ong &v)

{ return _2Conp::extract(*this, &v, sizeof (unsigned long)); }
stream &operator>>(fl oat &);
stream &operat or >>(doubl e &);
#i f maci ntosh

i stream &operat or >>(1 ong double &);

#endi f

i stream &oper at or >>( st reanbuf *);

/1 Calls ipfx(0), and if the result is non-zero, extracts characters
/1 and stuffs theminto the argument streanbuf until EOF is reached.
/Il Only sets ios::badbit if it can't get at |east one character.
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i stream &oper at or >>(i stream & *mani p) (i streank))

(*mani p) (*this);

return *this;

}

/1 Provides an pseudo extractor which allows for paraneterless
The target type is pointer to function returning
/1 istreamreference and taking istreamreference argunent.

/1 mani pul ators.

i stream &operat or>>(ios & *manip) (i 0s&))

(*mani p) (*this);

return *this;

}

/1 Simlar facility to mani pulate an ios object directly

prot ect ed:

istrean(); // derived class wll

private:
friend istream & 2Conp: : extract(istrean&, void *, int);

initialize ios directly

/1 The extract function provides for general type translation using
/1 a character set string and a DFA transition table

i stream &extract(void *type, const char
hel per _function_t hf, void *tds);

}s

transl ate_function_t tf,

size_t read_count;

istream &ws(i streamg);

/1 Manipul ator to skip white-space,

*okchars, int *tt,

posi tioning the input

/1 character streamto the first avail abl e non-white-space

/1

class iostream:

character.

public istream public ostream {

/1l A stream that supports both insertion and extraction.

/1 Construct an iostream associated with the argunent streanbuf.

initialize ios directly

| ostream cl asses that support assignnent.

They're used for cin, cout, cerr, and clog, but you should not use them for

publ i c:
i ostrean(streanbuf *buf);
virtual ~iostream);
prot ect ed:
iostrean(); // derived class wll
H
1
11
11
/1 anything else. Instead,

use a regqul ar

stream and assign a pointer to it.
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class istreamw thassign : public istream {
public:
i streamw thassign();
i streamw t hassi gn(streanbuf *);
~i stream w t hassign();
istreamw t hassi gn &operator=(istream &);
i streamw t hassi gn &oper at or =(i stream wi t hassi gn &s)
{return operator=((istream &s);}
i stream w t hassi gn &oper at or =(streanbuf *);

private:
short assi gned_to;

}s

cl ass ostreamw thassign : public ostream {
public:
ostream wi t hassi gn();
ostreamw t hassi gn(streanbuf *);
~ostream wi t hassign();
ostream w t hassi gn &oper at or=(ostream &) ;
ostream w t hassi gn &oper at or =(ost ream wi t hassi gn &s)
{return operator=((ostream &s);}
ostream w t hassi gn &oper at or =(streanbuf *);

private:
short assi gned_to;

}s

class iostreamw thassign : public iostream {
public:
i ostreamwi t hassign();
i ostreamw t hassi gn(streanbuf *);
~i ostreamwi t hassi gn();
iostreamw t hassi gn &operator=(ios &);
i ostream w t hassi gn &operator=(i ostream wit hassi gn &s)
{return operator=((ios &s);}
i ostreamw t hassi gn &operator =(streanbuf *);

private:
short assi gned_to;

}s

extern istreamw thassign cin;
extern ostreamwi thassign cout;
extern ostreamw thassign cerr;
#ifdef _ XENIX__

extern ostreamw t hassi gn cl og;
#endi f
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class losTie {
public:
losTie(ios *a, ostream*b) {a->tie(b);
#i f THI NK_CPLUS
ios::sync_with stdio(); #endif

P

class losUnitbuf {

publ i c:

losUni tbuf (ios *a) { a->setf(ios::unitbuf); }
H

#endif // __| OSTREAM H
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strstrea.

/1 10streanms Package
/1 Steve Teale April 1992
/] Copyright Symantec Corp 1990-1992. Al Rights Reserved.

#i fndef __SSTREAM HPP
#define __ SSTREAM HPP

#i ncl ude <i ostream hpp>
const int default_allocation = 32;

class strstreanbuf : public streanbuf {

/1 This is a streanbuf that holds a character array, and 1/Ois to that

/1 character array instead of a file or sone external character stream

/1 There is a dynanmic-allocation node that allocates space for characters
/1 as needed. Get, put, and seeks are supported within the character array.
/1 The call freeze() returns a pointer to the array, so that the data may
/'l be read by conventional string-handling routines.

public:
/] state flags
enum sstream fl ags {
statmem = 1,
/] Set if the buffer was set with an argunment to the constructor or
/1 setbuf, and | should not do dynamic allocation if it runs out of
/1 space.

379
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frozen = 2,
/1 Set when the buffer is frozen.

merged = 4,

/1 Set if the get and put areas are considered to be overl apped. This

/1 will be the case if the strstreanbuf is dynamc, or if a simultaneous
Il seek of both the get and put pointers has been done.

rdonly = 0x10
/1 Puts are not allowed.

}s

strstreanbuf (i nt chunksize = default_allocation);

// Create a strstreanbuf in dynamic-allocation node, with the initial
/1 allocation at |east "chunksize" bytes long, defaulted to default
/1 allocation

strstreanbuf (char *menory, int length = 0, char *start_of _put_area = 0);
/!l Create a strstreanmbuf using the static buffer at "menory".

/1 1f "length" is positive, that is taken as the length of the

/1 buffer. If it is zero, the length is taken from strlen(nenory).

/1 If "length" is negative, the buffer is assumed to be of infinite

/1 1ength.

/1

/1l The get pointer is initialized to "nmemory". If "start_of_put_area"
/1 is zero, the get area covers the entire buffer and a put will be

/1 considered an error. |f "start_of_put_area" is non-zero, the
/'l get area consists of the bytes between "menory" and

/1 "start_of _put_area" - 1, and the put area consists of the bytes
/1 between "start_of put_area" and the end of the buffer.

strstreanbuf (unsigned char *menory, int length = 0,
unsi gned char *start_of _put_area = 0);
/1 Sanme as above, but for an unsigned character buffer.

strstreanbuf(void * (*allocate_function)(size_t), void (*free_function)(void *),
int chunksize = default_allocation);

I/l Create a streanbuf in dynam c allocation node. Use

/1 void * allocate_function(size_t length) to allocate menory,

/1 and void free_function(void * nenory) to free it. Allocation

/1 chunk size can be specified.

~strstreanbuf();

void freeze(int on = 1);

void unfreeze() { freeze(0); }

/1 If the argunent is non-zero, "freeze" the strstreanmbuf. This

/1 inhibits automatic deletion of the current character buffer.

/1 This is only inportant in dynanic-allocation node. Stores into

/1 the buffer are invalid when it is "frozen". Calling this with

/1 a zero argument "un-freezes" the buffer. Deleting a strstreanbuf
/1 will not de-allocate a frozen buffer - you nust delete it yourself.
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int pcount() const { return pptr()-pbase(); }

/1 Return the nunber of characters inserted. Not accurate after

/1 a seek.

char *str();

/1 Freeze the buffer and return a pointer to its first byte.

/1 The pointer may be null if no bytes have been stored and the

/1 buffer is in dynam c-all ocation node. The buffer may be "un-frozen"
/1 by calling freeze(0). Deleting a strstreanbuf will not de-allocate

/1 a frozen buffer - you nust delete it yourself.

streanbuf *setbuf(char *nenory, int |ength);

/1 The menory argunent is not used. The next time the streanbuf
/1 does dynamic allocation, it will allocate at |east "length" bytes.

/1 This function in fact sets the allocation granularity.

#if _ZTC__ > 0x214

int overflowint ¢ = ECF);
#el se

int overflowint c);
#endi f

int underflow);

streanpos seekof f(streanoff offset, ios::seek _dir direction,

int which =ios::in|ios::out);
int sync();

/1 Al of these are virtual functions derived from streanmbuf.

/1 There's nore docunentation on themin iostream h.

prot ect ed:
int doallocate();

private:
short sflags;
int chunk;

/1 The m ni mum anpbunt to allocate when doing dynanic allocation.

void *(*allocate_function)(size_t size);
/1 Points to the function used to allocate nmenory.

void (*free_function)(void *nenory);
/1 Points to the function used to free nmenory.

voi d buffer_setup(char *menory, int |ength,
char *start_of put_area);

}s

class istrstream: public istream {
/1 A class of istreamthat takes as input a character array,
/1 information fromit.

and extracts
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publ i c:
istrstrean{char *menory, int length = 0);
/!l Create an istrstreamattached to the character array at "menory",
/1 of length "length". If length is zero, strlen() is used, if length
/1 is negative, the streamis considered to be of a | ength equival ent
/1 to the maxi num val ue of type size_t.

~istrstrean();
strstreanbuf *rdbuf() { return &uffer; }

private:
strstreanbuf buffer;

}s

class ostrstream: public ostream {
/1 A class of ostreamthat inserts information into a character array.

publ i c:
ostrstrean();
/!l Create an ostrstream in dynam c-all ocati on node.

ostrstrean{char *menory, int length, int nbde=ios::out);

/!l Create an ostrstream attached to the character array at "menory",
/1 of length "length". If ios::ate or ios::app is set in "npde",

/1 the buffer is assuned to contain a null-termnated string, and
/1 the put area begins at the null character. O herw se the put

/'l area will begin at "nenory".

~ostrstream();

int pcount() const { return buffer.pcount(); }
/1l Returns the nunber of bytes that have been put into the buffer.

char *str();

/'l Freezes the buffer, and returns a pointer to the first byte of the
/1 buffer. Once the buffer is frozen it will not be deleted by

/1 the destructor of the stream it becomes the user's responsibility
/1l to delete it.

voi d unfreeze();
/1 Unfreeze the buffer and unconditionally clear the state fl ags.

strstreanbuf *rdbuf() { return &buffer; }

private:
strstreanbuf buffer;

}s
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class strstream: public iostream {
/1 A class of iostreamthat inserts and extracts information in a character

publ i c:

strstrean();
/!l Create a strstreamin dynam c-allocation node.

strstrean(char *menory, int length = 0, int node = ios::in|ios::out);
/] Create a strstream attached to the character array at "nenory",

/1 of length "length". If length is zero, then "nenory" is assuned to
/1 contain a null termnated string, and the langth is taken from

/1 strlen. If ios::ate or ios::app is set in "npde", the buffer is

/1 assunmed to contain a null-termnated string, and the put area begins
/1 at the null character. Qtherwi se the put area will begin at "menory".

~strstrean();

char *str();

/'l Freezes the buffer, and returns a pointer to the first byte of the
/1 buffer. Once the buffer is frozen it will not be deleted by

/'l the destructor of the stream it becones the user's responsibility
/] to delete it.

void unfreeze();
/1 Unfreeze the buffer and unconditionally clear the state fl ags.

strstreanbuf *rdbuf() { return &uffer; }

private:

}s

strstreanbuf buffer;

#endif // __ SSTREAM HPP

array.
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Unofticial C++
Style Guide

by Dave Goldsmith and Jack Palevich

This article is reprinted without with permission from develop, The
Apple Technical Journal, Issue 2, April 1990. It’s an enhanced version
of an internal, informal Apple style guide written by David Goldsmith.
Jack Palevich edited the original document to bring it into this form. The
opinions expressed in this document are David’s and/or Jack’s; they are
not necessarily those of Apple Computer.

develop provides an in-depth look at code and techniques that show the
“Apple way” of doing things. Each issue comes with a CD that contains
the source code for that issue, as well as all back issues, Technical Notes,
sample code, and other useful software and documentation. Subscrip-
tions to develop and back issues are available through APDA; call
1-800-282-2732.
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Part 1:
Style

C++ is fast emerging as the premier object-based language of the 1990s.
Its expressive power combined with its down-and-dirty C heritage makes
it a natural choice for writing Macintosh applications. But beware: all is
not sweetness and light. Harnessing C++’s power without getting tripped
up by some of its less savory features isn’t all that easy. Here are
guidelines that make it easier to write, debug, and change C++ programs.

When we first started using C++ several years ago, we learned the
hard way—by trial and error—a lot of what we’re about to tell
you. After thousands of hours of C++ programming, we’ve formed
strong opinions about the best way to use C++. In this unofficial
style guide we tell you which features to use and which ones to
avoid. Following our techniques will lead to programs that are
easier to write, debug, and change. You may not agree with all of
our guidelines—some are more a matter of taste than of science—
but we hope you'll find them useful and enlightening.

In this part you’ll find fairly simple advice on formatting source
files. Even if you prefer to use a different style in your own work,
you may be interested to see how we handle these standard
matters of style.

Source File Conventions

Use the following conventions to keep your source files easy to
read, easy to use, and legally protected.

Include a copyright notice. To protect your intellectual property
rights, include the following line at the front of every file you
create:

/1 Copyright © 1990 ~~~Your name or conpany-~~-.
/1 Al rights reserved.

You can make the © by typing Option-g. The “All rights reserved”
is specifically for our foreign friends. (We bet you thought all you
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had to say was “Copyright.” Ha!) In addition, any binary files you
ship should contain a copyright notice somewhere.

If you modify a file in more than one calendar year, you must
list every year in which you modified it. For example,

/1 Copyright © 1988-1990 ~~~Your nanme or conpany-~~-.
/1 Al rights reserved.

Add helpful comments. We won’t go into a lengthy discussion
of comment style here. We'll only say it's good to have them. Also,
comments that describe something subtle about the source are
more helpful than comments like assign a to b.

Be careful about omitting argument names in function proto-
types. It's OK to omit dummy argument names in function proto-
types, but only if the meaning is clear without them. It's almost
always necessary to include argument names when you have
more than one argument of the same type, as it’s impossible to
figure out which one is which otherwise.

doubl e cosi ne(doubl e angl e); /1l Prototype with
/1 argunment nane.
doubl e cosi ne(doubl e); /1 Reasonabl e

/1 om ssion of

/1 arg. nane.
TPoi nt:: TPoi nt (short h, short v); // Easy to

/1 under st and.
TPoi nt: : TPoi nt (short, short); /1 lnpossible to

/1 figure out.

If you are getting compiler warnings of the form “warning: foo
not used” where foo is an argument to a function, leaving the
argument name out of the function header for the function’s imple-
mentation will stop the warning. Whether or not an argument name
appears in the function’s declaration has no bearing on the warning.

void f(short foo, |ong bar); /1 Prototype.
void f(short /* foo */, long bar) // |nplenentation.
{
bar = 7;

}
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Put only related classes in one file. To keep your class definitions
under control and to make life easier for those trying to decipher
them, follow the lead of the MPW {CIncludes} files. Limit each
header file to a single class definition or a set of related class
definitions. MPW C has always followed this convention, for
example, Windows.h, Controls.h versus Toolbox.h.

On the implementation side, put only one class implementa-
tion in a given source file (classes private to the implementation of
the class may be declared and implemented in the same source
file). Name the file after the class, but without the initial T—for
example, put the class TMyView in MyView.c.

Make it easy to use your header files. Trying to figure out whether
you’ve included all the necessary antecedents for a header file is a
pain. To save your clients this pain, enclose the definitions in your
header with code that looks like the following:

#i fndef _ MYCLASS _

#define _ MYCLASS

#i nclude "prerequisitel. h"

#i nclude "prerequisite2. h"
definitions for MyC ass

#endi f

Now you can include your header’s prerequisites without caring
whether they’ve already been included elsewhere (assuming that
everyone follows this convention). The name of the preprocessor
variable should be all uppercase and consist of the file name
(without .h) surrounded by two underlines on either side.

To speed up compilation, you can even do this in your files
that use foo.h:

#i fndef _ FOO
#i ncl ude "foo. h"
#endi f

which skips the overhead of reading and parsing foo.h.
Store files in Projector. As soon as a file is published for use by

others (for example, you stick it on a file server so others can use
it), you should start storing it in Projector. Projector is part of
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MPW 3.0. It consists of a collection of built-in MPW commands
and windows that help programmers (both individuals and teams)
control and account for changes to all the files (documentation,
source, applications, and so forth) associated with a software
project. This lets you recreate old versions if necessary, and makes
sure things don’t get lost.

Since the whole point of using Projector is to make it easier for
those who follow you in the great chain of software being, please
use the features that will make their lives easier. Try to maintain a
proper set of versions (for example, don’t remove your file from
Projector and then add it again—that loses all the revisions), and
use the comment features when you check things in and out.

Naming Conventions

To make C++ even more readable, you should adopt a consistent
set of naming conventions. Here at Apple we use the following
conventions:

Type names. All type names begin with a capital letter. In addi-
tion, class names begin with a T for base classes, and an M for
mix-in classes. See “Multiple Inheritance” in Part 2. Examples:
Boolean, TView, MAdjustable. Never use C types directly; see
below.

Member names. Member names should begin with anf, for “field.”
Member function names need only begin with a capital letter.
Examples: fVisible, Draw.

Global names. Names of global variables (including static mem-
bers of classes) should begin with a g. Examples: gApplication,
TGame::gPlayingField.

Local and parameter names. Names of local variables and func-
tion arguments should begin with a word whose initial letter is
lowercase. Examples: i, thePort, aRegion.

Constant names. Names of constants should begin with a k.
Example: kSaveDialogResID.



390

Appendix G

Abbreviations. It’s best to avoid abbreviations, especially ad hoc
ones. Inconsistent use of abbreviations makes it hard for clients to
remember the correct name of a function or variable. Abbrevia-
tions are OK as long as they are consistent and universal. For
example, don’t use VisibleRegion some places and VisRgn others;
use one or the other throughout.

Multiple-word names. In any name that contains more than one
word, the first word should follow the convention for the type of
the name, and subsequent words should immediately follow,
with the first letter of each word capitalized. Do not use under-
scores in names. Here are multiple-word examples of each type:

TSor t edLi st class name

f SubVi ews data member of class

Dr awCont ent s function member of class
gDevi celi st global or static data member
theCurrentSize local or parameter

kMaxSt ri ngLengt h  constant

Names with global scope. Any name with global scope (for
example, class names, typedefs, constants, globals) should have a
distinctive and unique name. This will help avoid name conflicts.
Names like Short and Number are fairly nondescript and likely to
wind up conflicting with identifiers from other header files acci-
dentally (this is a big problem with MPW and the ROM interfaces
today). Better in these cases would be kShortLived (to follow our
advice on constant names) or StringLength (more descriptive of
the function). When you name something with global scope,
think about the fact that it’s in a global name space and someone
may have to figure out what it is without context. Use more
specific names rather than more general ones.

C++ relieves this problem somewhat by adding enumerations
with class scope and static members. Enumerations declared in-
side classes are accessible using qualification, as in

class TFoo {

public:
enum { kFred, kBarney};

b
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i = TFoo: : kFred;

This lets you put constants associated with different classes into
different name spaces, somewhat like when C changed a few
years back so that structure members from different structs were
in different name spaces.

Static members let you put ordinary functions and global vari-
ables associated with a class into the scope of the class. For example:

class TView {

publi c:
static void Initialize();
static const TView kWi zzyVi ew,
static const |ong kMagi cNunber ;

1

TView :lnitialize();

... TView : kWhi zzyVi ew. . .
i = TView : kMagi cNunber;

Putting such global functions and variables into the scope of
the class helps avoid name collisions. In fact, we frown on the use
of ordinary globals: most global functions and variables should
be static members of some class. The same with constants; they
should be made members of an enumeration inside a class, if
possible. Of course, global variables that are not constants of the
sort shown above shouldn’t be public at all; instead, access should
be through static or normal member functions:

class TFoo {
publi c:

static Bool ean gWhoopeeFl ag; // BAD!
}

TFoo: : gWwioopeeFl ag = TRUE; /1 BAD!

The Preprocessor

One of the most powerful features of the C and C++ languages is
the C preprocessor.
Don’t use it.
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Except for include files and conditional compilation, C++ has
features that supersede most of the techniques that used the
preprocessor. Sometimes you need to use the preprocessor to
accomplish things you can’t with C++, but far less often than with
straight C.

Use const for constants. Don’t use #define for symbolic constants.
Instead, C++ defines the const storage class. As with #define
symbols, these are evaluated at compile time. Unlike #define
symbols, they follow the C scope rules and have types associated
with them. You can also use enums. For example:

#define kG een 1 // No no
const int kGeen = 1; /] Better
enum Col or {kRed, kGreen, kBlue}; // Best

This prevents a host of problems. With #define symbols, for ex-
ample, if you accidentally redefine a name, the compiler will
silently change the meaning of your program. With const or enums,
you’ll get an error message. Even better, with enums you can put
the identifiers in the scope of an enclosing class; see “Naming
Conventions,” earlier. As an extra bonus, each enumeration de-
fined is treated as a separate type for purposes of type-checking
(much like the way scalars are handled in Pascal).

Unlike in ANSI C, objects in C++ that are declared const and
initialized with compile-time expressions are themselves com-
pile-time constants (but only if they are of integral type). Thus,
they can be used as case labels and such.

Use enum for a set of constants. If your constants define a related
set, don’t use separate const definitions. Instead, make your con-
stants an enumerated type. For example:

/] Bl eah.

const int kRed = O;

const int kBlue = 1;

const in kGreen = 2;

/1 Allll Riiiight!

enum Col or Conponent {kRed, kBl ue, kG een};
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This causes ColorComponent to become a distinct type that is
type-checked by the compiler. Values of type ColorComponent
will be automatically converted to int as needed, but integers
cannot be changed to ColorComponents without a cast. If you
need to assign particular numerical values, you can do that too:

enum Col or Conrponent {kRed = 0x10, kGreen = 0x20,
kBl ue = 0x40};

Where possible, the type declaration should occur within the
scope of a class. Then, references to the constants outside of the
class’s member functions must be qualified:

class TCol or {
publi c:
Col or Conponent enum {kRed, kGreen, kBl ue};

}
foo = TCol or: : kRed;

Note that the enum type name is not local to the class, only the
actual constants. The enum type name should not be qualified.

Use inline for macro functions. Function macros are another
source of fun problems in C programs, like this classic example:

#define SQUARE(X) ((x)*(x))
SQUARE( y++) ;

C++ allows functions to be declared inline (see also “Inline
Functions” in Part 2), which completely obviates the need for
function macros. Like const, inline functions follow the C++ scope
rules and allow argument type-checking. Both member functions
and nonmember functions can be declared inline. So the preced-
ing example becomes

inline int Square(int x)

{

s
Squar e(y++);

return x*x;
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which does the right thing, and is actually more efficient than the
macro version (as well as being correct).

Use the preprocessor only in these cases. As stated earlier, the
preprocessor is necessary for #include files, and preprocessor
symbols are necessary for conditional compilation.

Use of const

Both ANSI C and C++ add a new modifier to declarations, const.
You use this modifier to declare that the specified object cannot be
changed. The compiler can then optimize code, and also warn
you if you do something that doesn’t match the declaration. Here
are some examples of const declarations:

const int *foo;

This is a modifiable pointer to constant integers. foo can be
changed, but what it points to cannot be.

int *const foo;

This is a constant pointer to modifiable integers. The pointer
cannot be changed (once initialized), but the integers it points to
can be changed at will.

const int *const foo;

This is a constant pointer to a constant integer. Neither the pointer
nor the integer it points to can be changed.

Note that const objects can be assigned to non-const objects
(thereby making a copy), and the modifiable copy can of course
be changed. However, pointers to const objects cannot be assigned
to pointers to non-const objects, although the converse is allowed.
Both of these assignments are legal:

(const int *) = (int *);
(int *) = (int *const);
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Both of these assignments are illegal:

(int *) = (const int *);
(int *const) = (int *);

When const is used in an argument list, it means that the
argument will not be modified. This is especially useful when you
want to pass an argument by reference, but you don’t want the
argument to be modified. For example:

voi d Bl ockMove(const voi d* source,
voi d* destination, size_t length);

Here we are explicitly stating that the source data will not be modi-
fied, but that the destination data will be modified. (Of course, if
the length is 0, then the destination won’t actually be modified.)
All of these rules apply to class objects as well; you can declare
something (const TView *). There used to be a hole in the lan-
guage, however: you could call any member function of an object
using a const pointer to it, and that member function could modify
the object (since there was no way to declare which member
functions modify the object). For example, this was legal:

const TVi ew *aVi ew,
aVi ew >Modi f ySonet hi ng() ;

To plug this hole, member functions that will be called for const
objects must now be declared const; see the 1985-1989 paper
discussed in the sidebar “Background Reading” for details. The
syntax looks like this:

class TFoo {

publi c:
void Barl() const;
voi d Bar2();

};

const TFoo *fp;

fp->Barl(); // Ilegal

fp->Bar2(); // illegal (actually, just a warning
/1 for now)
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Part 2: ‘Using
Language
Features

Note that inside a const member function, the pointer has type
const TFoo *, so you really can’t change the object. You could cast
the pointer to be just a TFoo *, but then you may be surprising
your clients. Even though you think that your change to the object
is not externally visible (that is, it doesn’t change the state of the
object as far as clients are concerned; one example is an internal
cache), it can have an impact. If your object is being used by an
interrupt routine that “reads” it, your client may assume that it’s
OK to call a const member function, since he or she thinks the
object isn’t going to change. However, if the internal state of the
object changes anyway, access by multiple “readers” will cause its
state to become corrupted.

Another example is an object placed in ROM. The client thinks
it’s all right to call a const member function of the object, and then
gets a bus error because the attempted write access fails.

The bottom line is that if you attempt to cast your this pointer
to a non-const version inside a const member function, you had
better think through the implications of this for your clients, and
you had better document it.

In this part you’ll find advice on using particular features of the
C++ language. The topics are arranged roughly in order of in-
creasing difficulty.

Global Variables (1)

Static class members are the same as global variables (actually,
better). Static class members do have one major advantage over
regular globals: scope. Regular globals (that is, static extern vari-
ables) have global scope. That means there are potential name
collisions with globals from any other include file the developer
may use. Static class members, however, have full scoping: they’re
qualified by the name of their class, and don’t conflict with any
identifier outside the class. They can also be protected. If you
were going to have a simple global, consider a static member
instead.
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Be careful about static initialization. If you design a class that
depends on some other facility in its constructor, be careful about
order dependencies in static initialization. The order in which
static constructors (that is, the constructors of objects with static
storage class) get called is undefined. You cannot count on one
object being initialized before another. Therefore, if you have such
a dependency, you must either document that your class cannot
be used for static objects, or you must use “lazy evaluation” to
defer the dependency until later.

Inline Functions

We mentioned inline functions under “The Preprocessor,” earlier.
Never use them. Well, hardly ever. The main reason is that they
get compiled into your caller’s code. This makes them a tad
difficult to override. Also, you have to ship their source code to
everyone. There are, however, a few times when it's OK to use
them.

Use an inline function if it expands to call to something else. If
your inline function just calls something else that isn’t inline,
that’s fine, as long as the other function has identical semantics. An
example: You might have a class that defines a virtual function
IsEqual, which compares two objects for equality. It also has an
inline definition for operator ==, as a notational convenience.
Since operator == just turns around and calls the IsEqual function,
it’s OK for it to be inline and not virtual. This does not apply if
your function just happens to have a one-line implementation.

Use an inline function if efficiency is very, very important and
you’ll never change it. Of course, the other time it's OK to use
inline is if efficiency is extremely important. Note that code size
may increase due to duplication of code. You may actually decrease
system performance by making something inline, since you're increas-
ing the amount of code that must fit in memory. Also, once a
function is more than a couple of lines long, the function call
overhead is a very small fraction of the total time, and you are not
buying much by making it inline.
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An example is addition for a complex number type; here, the
efficiency consideration together with the low probability of a
future change makes an inline implementation a good idea. The
complex number implementation shipped with C++ makes addi-
tion and subtraction inlines (fairly short), but makes multiplica-
tion and division regular functions (they are longer, so the overhead
for a call is less important and the code size issue is more impor-
tant).

If you don’t know (that is, God has told you in person) that
your implementation must be inline, don’t make it inline. Build it
normally and then measure the performance. Experience has shown
again and again that programmers spend lots of time optimizing
code that hardly ever gets executed, while totally missing the real
bottlenecks. The empirical approach is much more reliable. Expe-
rience has also shown that a better algorithm or smarter data
structures will buy you a lot more performance than code tweaking.

Don’t write inlines in declarations. C++ has two ways of declar-
ing an inline member function (of course). One is to declare the
member function normally and then supply an inline function
definition later in the same header file. The other is to write the
function definition directly in the class declaration. Never use this
latter form; always declare the function normally and then put an
inline definition at the end of the file. That way, it's much easier to
change between inline and regular implementations of a function,
and it’s no less efficient. The fact that something is inline should
not be made obvious in the class declaration, since clients may
start counting on it.

class TFoo {

publi c:

int Tweedl eDee() { return 1; }; // Bad!
i nt Tweedl eDum() ; /1 Good!

}5
inline int TFoo:: Tweedl eDum()

{
return 2;

};
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Unspecified and Default Arguments

It's possible to partially circumvent the strong type-checking C++
imposes on function arguments. You should avoid doing this if at
all possible.

Don’t use unspecified arguments. C++, like ANSI C, allows you
to cling to C’s wild and woolly past, by declaring functions that
take unspecified numbers and types of arguments, the classic
example being

void printf(char *, ...);

This is a cheesy leftover from the Cretaceous era. There are very
few functions indeed that need to have an interface like this. If
you want to be able to omit arguments, for example, you can use
default arguments or function overloading (both defined below).
Unspecified arguments come from hell.

Do use default arguments, but cautiously. A better technique
than unspecified arguments is default arguments. You can specify
default values for arguments that are only used sometimes. This
is especially handy in constructors. For example,

TView : TView(TVPoi nt itsSize, TVPoint itsLocation,
TView *itsSuperView = N L);

which can be called either with three arguments or with two. This
can help you avoid that agonizing decision as to whether to
include an option or not. However, be sparing; clearly, long strings
of defaults can make it hard to figure out what’s going on. Fur-
thermore, you can only leave off arguments at the end, not the
middle, so if you have ten defaults and someone wants to specify
the last one, they must specify the preceding nine as well. This
sort of defeats the idea. Having more than two default arguments
is a bad idea, and even two is questionable.

Also remember that for both default arguments and function
overloading, having too many versions of the same function de-
creases the safety provided by type-checking, and makes it more
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likely that you will accidentally call a different version from the
one you intended to call.

Function Name Overloading

C++ also lets you overload function names, by letting two func-
tions (member or nonmember) have the same name as long as the
types of their arguments differ. This feature is useful when you
want to have different versions of the same function; they should
all be related. For example, you may want to have a constructor
that takes lots of options, as well as one that is simple to use. Also,
you may want to make functions that take different types. Ex-
amples include:

Rect angl e: : Rect angl e( Poi nt | eft Top,
Poi nt right Bottom

Rect angl e: : Rect angl e(short top, short left,
short bottom short right)

void TPort::MveTo(short, short)

void TPort:: MoveTo(Point)

TConpl ex TConpl ex: : Add( TConpl ex)

TConpl ex TConpl ex: : Add(i nt)

This can be very useful but also can cause problems.

Don’t unintentionally use the wrong argument type. The big-
gest problem is the unintentional use of the wrong argument type
when overloading, which defines a new function. If TView has a
member function

TView. : Print(const TPrintRecord *)

and you define a subclass where, intending to override this func-
tion, you declare

TMyView : Print(const TStdPrintRecord *)
or

TWMyView : Print (TPrintRecord *)
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or even
TMyView: : print(const TPrintRecord *)

because you forgot the type of the original argument (or mis-
spelled the name), C++ assumes you don’t want to overload the
original function and simply declares it as a new function. You
have not overridden the original; it’s still available. The latest
version of CFront will warn you about the first two cases, but not
the last.

Also remember that, as mentioned earlier, the more variants a
function has, the easier it is to call the wrong one unintentionally
because the arguments you supply just happen to match another
variant.

Watch your overrides. If you have an overloaded member func-
tion (whether virtual or not), and you override it in a derived
class, then your override hides all overloaded variants of that
member function, not just the one you overrode. Thus, if you want to
override an overloaded member function, you must override all
of the overloaded variants. C++ treats the overloaded function as
a single entity; the scope resolution rule for C++ is to find the first
class that has any function with that name defined, then look for a
match based on argument type. The C++ team at AT&T believes
this is the correct rule; their reasoning is that an overloaded set of
functions is really just one function with a bunch of variants, and
that you should not be naming functions with the same name
unless they are really the same function.
An example that illustrates this behavior follows:

class A {

publi c:

voi d Foo(l ong);
voi d Foo(doubl e);

};

class B: public A {
publi c:
voi d Foo(doubl e);

};
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B bar;
bar. Foo(2);

The call actually winds up calling B::Foo(double) after coercing
the integer argument to double.

On a positive note, CFront will warn you if you override some
but not all of a set of overloaded member functions. For details,
see the 1985-1989 paper discussed in the “Background Reading”
sidebar, and the reference manual.

Don’t abuse function overloading. Function overloading can be
abused. Functions should not have the same name unless they
basically perform the same operation, as in the preceding ex-
amples. If that is the case, then having the functions identically
named can be a great help in reducing the number of things a
programmer must remember.

Operator Overloading

Another fun C++ feature is the ability to define operators for your
own classes. If you define a fixed-point data type, C++ lets you
define the standard arithmetic operators for it, which makes code
a lot easier to read.

Use operator overloading only where appropriate and clear.
Operator overloading also has tremendous potential for abuse.
Defining the + operator for fixed-point numbers helps clarify
code. Defining it as set union is also fairly clear. Defining => to
mean “send a message” is crazy. Operator redefinition only helps
when the new function is similar to the standard meaning of the
operator; otherwise, it just confuses people. An example is C++'s
streams facility, which redefines < and > as output and input
operators. This confuses a lot of people.

If you like, use functional syntax to call a base class’s operator.
C++ occasionally delivers a pleasant surprise. One example is the
syntax for calling overloaded operators. Of course, you can use
the usual inline operator syntax; that’s why C++ has operator
overloading. The surprise is that you can also use functional
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syntax, which is sometimes essential, especially for calling a base
class operator. Here is an example of a subclass operator using the
base class’s operator:

const TW ndow& TW ndow: : oper at or =(const TVi ew &v)
{

this->TVi ew. : operator=(v);
return *this;

}

(The explicit this-> is actually unnecessary here but was included
for clarity.) In this example, TWindow has a base class TView, and
we want to be able to assign a TView to a TWindow by just
copying the TView part and leaving the rest of TWindow alone.
To do this, we want to use TView’s assignment operator. The
functional notation here is the only way to do it. The pleasant
surprise was that this notation is allowed.

Type Coercion

Use type coercion selectively. Like so many C++ features, type
coercion can either clarify or obfuscate your code. If a type coer-
cion seems “natural,” like the coercion between reals and inte-
gers, then providing a coercion function seems like a good idea. If
the coercion is unusual or nonsensical, then the existence of a
coercion function can make it very hard to figure out what’s going
on. In the latter case, you should define a conversion function that
must be called explicitly.

In general, coercion operators are useful in a way similar to
operator overloading, and the same guidelines make sense.

Define type coercion rules for C++ to use. C++ will automati-
cally coerce one type to another, but only if there is a direct way of
doing so. In other words, if a coercion is defined from type A to
type B, C++ will use it automatically where appropriate. It will not
concatenate coercion operators if there is not a direct coercion. So
even though a coercion may be defined from type A to type B, and
type B to type C, C++ will not automatically coerce type A to type
C (you can do it explicitly via casts, though).
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There are two ways of defining type coercions for C++ to use:
constructors and type coercion operators. They are appropriate
under different circumstances. Note that since all coercion opera-
tors must be member functions of some class, it is not possible to
define a coercion from one nonclass type to another nonclass type.
Also note that if more than one function is defined to perform the
same coercion, they cannot be used implicitly or via a cast, since
an ambiguity exists as to which to call. They can still be invoked
explicitly.

If you have a constructor with a prototype that looks like any
of the following:

Tar get Cl ass: : Target C ass( Sour ceType)
Tar get Cl ass: : Target C ass( Sour ceType &)
Tar get Cl ass: : Target Cl ass(const SourceType &)

then C++ will use it to convert from SourceType to TargetClass
where appropriate. This form is useful when (1) the target type is
a class (it can’t be used for a primitive target type), and (2) the
author of the target type wants to provide a coercion. If either of
these conditions don’t hold, you can use the second form of type
coercion.

If the source type is a class, you can define a member operator
function to perform the coercion. These operators have proto-
types that look like

Sour ced ass: :operator Target Type()

TargetType may be either a primitive type or a class. It need not be
the name of a type; it can be any type specifier (as long as it does
not contain array of [] or function () forms. Those must be handled
via a typedef). This form is appropriate when the target type is not
a class, or the source code for the target type is not available (that
is, the coercion is being provided by someone else).

Encapsulation and Data-Hiding

Make explicit use of public, private, protected. C++ thought-
fully allows you to leave out the private keyword in several
places. Don’t: it decreases C++’s well-known clarity. Class defini-
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tions should always explicitly state the visibility of their members
and/or base classes. Write it like this:

class TFoo: public TBar, private MBaz {
publi c:
public menbers;

pr ot ect ed:
protected nenbers;

private:
private nenbers;

};

Your public interface should come before your protected inter-
face, and since your private interface is only necessary to make
the compiler happy, it should be last.

Use no public or protected members that aren’t functions.
Always make all member variables private. (It's OK to make
functions protected or public. In fact, classes that don’t are very
boring.) You can provide access functions to get and set your
variables if you want (although you should think about exporting
a more abstract interface instead). If you're really concerned with
performance, you can make those functions inline (but see “Inline
Functions,” earlier). Remember, don’t compromise for the sake of
performance until you have numbers to base your decision on!

Understand what “protected” really means. What the “protected”
access mode means is not completely clear from Bjarne’s various
books and papers, so we will attempt to clarify the issue.

When a member of a class is declared protected, to clients of
the class it is as if the member were private. Subclasses, however,
can access the member as if it were declared private to them. This
means that a subclass can access the member, but only as one of its
own private fields. Specifically, it cannot access a protected field of
its parent class via a pointer to the parent class, only via a pointer
to itself (or a descendant). Here are some examples:

class A {
pr ot ect ed:
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void Bar();
1

class B: public A {
voi d Foo();

H

class C. public B {

i
voi d B:: Foo()
{
A *pa,;
B *pb;
C *pc;
pa- >Bar () ; Il Illegal: A :Bar() is "private"
Bar () ; /1 OK: "this" is of type B*
pb->Bar () ; [l Also K
pc->Bar () ; [l Also K
i

Protect constructors for abstract base classes. It’s frequently use-
ful to have a class that is not meant to be instantiated as an actual
object, but only to be used as a base class for other classes. Ex-
amples include classes such as TApplication or TView. Such classes
are called abstract base classes. If you want to enforce this status,
you can make it impossible to instantiate such a class by making
all of its constructors protected. In that case, the object cannot be
created by itself, but only as part of a derived class.

In addition, there is a way to declare a member function
abstract (that is, to require that it be overridden in descendants);
this is called a pure virtual function. A class with such a member
function cannot be instantiated, nor can any descendant class,
unless all such functions are overridden. The syntax for this is as
follows:

class Foo {
publi c:
virtual void Bar() = O;

};
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You can also declare some (but not all) of the constructors for a
class protected if you want those constructors to be used only by
derived classes. The class can still be instantiated using the con-
structors that are public.

As a shortcut, declare private base classes. When you declare a
base class private in C++, the derived class inherits all of its
members as private members. This means that the derived class is
not considered a subtype of the base class, even though it is a
subclass. You cannot pass a pointer to an object of the derived
class when a pointer to the base is expected. This lets you inherit
the behavior of a class without inheriting its type signature.

Since the derived class is not a subtype, it doesn’t have an “is-
a” relationship with the base class. Why not just make it a mem-
ber, then? This is what you would normally do. However, if you
need to reexport most of the functionality of the base class, you
would have to write wrapper functions in your derived class that
turned around and called the member class functions. Instead,
you can use this slimy shortcut.

By making the class a private base class, you don’t inherit the
type signature, but you do inherit the functionality, which can be
made selectively visible without having to write wrapper func-
tions. If A is a private base class of B, and B wants to make A::Foo()
visible, then write the following in the declaration of B:

publi c:
void A :Foo();

which makes Foo() visible to clients of B.

Use friends sparingly. Friend classes and functions are another
C++ feature. Needless to say, they are a breach in the safety of
types and in the integrity of the data abstraction provided by
classes. If you have friends, you're probably doing something
wrong (like taking frequent showers).

About the only time this feature should be used is when imple-
menting binary operators that can’t be member functions. Another
circumstance is a set of tightly related classes (an example from
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Bjarne’s book is matrices and vectors). Generally, however, avoid
friend classes and functions.

Hide implementation classes by declaring them incomplete.
Sometimes a public class (one that you export to clients) must
refer to a class that is only used in your implementation. How do
you avoid exposing the implementation class? If the only refer-
ence is a pointer, then you can declare the implementation class as
an incomplete class:

class Tl npl enmentation;
class Tlnterface {

private:
Tl npl enent ati on *f Hi dden;
s

This also works if your member functions have arguments of type
TImplementation * or TImplementation &. If you have actual
TImplementation objects as fields, though, you must include the
full declaration of TImplementation.

Don’t expose yourself. The most important thing to remember is
not to expose your implementation to either your clients or your
subclasses (which are really just another kind of client). If you do
so, you are tying the hands of those who must enhance your code.

It is very important to make sure that your class acts like a
black box. The interface you export to clients and subclasses
should reflect precisely what they need to know and nothing
more. You should ask yourself, for every member function you
export (remember, you're not exporting any data members, right?),
“Does my client (or subclass) really need to know this, or could I
recast the interface to reveal less?”

If you find that the interface to your class consists mostly of
functions to get and set your private data members, you should
ask yourself whether your object is really defining an abstract
enough interface. The key is to think about the abstraction that
your object represents and how clients view and use that abstrac-
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tion, not how it is implemented. This is possibly the hardest thing
to do in object-based design, but is also one of the biggest advan-
tages and has the biggest long-term payoff.

See Alan Snyder’s paper. For an excellent discussion of the issues
involved in data abstraction, encapsulation, and typing, see Alan
Snyder’s paper “Encapsulation and Inheritance in Object-Based
Programming Languages” in the 1986 OOPSLA proceedings.

Virtual Functions

(Almost) all member functions should be virtual. Virtual func-
tions are pretty inexpensive. Because of this, any class that is
intended to be used in a polymorphic fashion (that is, a pointer to
a subclass may be passed where a pointer to the class is expected)
should have all of its functions virtual. It's hard to guess in
advance which functions may be overridden in the future (al-
though private functions can’t be, and so need not be virtual).

You should only use nonvirtual functions where you are very
sure that the class (or this particular aspect of it) will never have a
subclass. An example is a fixed-point data type, which is self-
contained, or a graphics point, or other similar classes.

The assignment operator is also a special case. Assignment
isn’t inherited like other operators. If you do not define an assign-
ment operator, one is automatically defined for you; it consists of
calls to the assignment operators of all of your base classes and
members (this is discussed in the 1985-1989 paper mentioned in
the sidebar “Background Reading”). It's OK to make your assign-
ment operator virtual, but it’s only useful under rather special-
ized circumstances. A virtual function call will be generated for a
virtual assignment operator only when the left-hand side of an
assignment is a reference or a dereferenced pointer.

(Almost) all destructors should be virtual. What the |@&#%! is a
virtual destructor, you ask? And well you might, because this is
actually something you should never have had to worry about.
What do you think happens here?
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class A {
~A();
1

class B: A {
}_*B();

A *foo = new B;
del ete foo;

B::~B gets called, then A:~A, right? Wrong! Only A:~A gets
called! Isn’t that special? For the right thing to happen, you must
declare your destructors virtual. For example,

virtual ~A();
virtual ~B();

If you do this, the right destructors will get called. Needless to say,
any class that has a virtual member function, inherits one, or is
used in a polymorphic fashion must have its destructor declared
virtual, or horrible things will happen.

Be careful when you call virtual functions in constructors and
destructors. If you call a virtual function from a constructor, be
aware that the version of the function that corresponds to the
constructor will be called, not the version that would normally be
called. For example, if A has a method foo, B is a subclass of A,
and B overrides foo, a call to foo from A’s constructor calls A::foo,
not B::foo. A call to foo from B’s constructor does call B::foo. This
is sufficiently confusing that it is best not to call a virtual function
from a constructor at all. Naturally, this only applies to virtual
functions of the object whose constructor is running; virtual func-
tions of other objects (including those of the same class) are per-
fectly fine (unless they in turn call one of your virtual functions).

If you think about it, it doesn’t make sense to call virtual
functions from constructors and destructors. Since base class con-
structors are called before derived class constructors, and base
class destructors are called after derived class destructors, the
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object is in a partially valid state. If a virtual function overridden
in a derived class is called from the base class constructor, it may
access derived class features that have not been initialized. Simi-
larly, if it is called from the destructor, it may access features that
have already been destroyed.

Use virtual functions the right way. If you are coming from the
non-object-based programming world, a word about use of vir-
tual functions might be in order. Virtual functions should be used
whenever you want to have more than one implementation of the
same abstract class. They allow the system to defer the decision
on which function to execute until run time.

The right way to use virtual functions is to structure them
around well-defined abstractions. If someone is to override a
virtual function, they must have a clear definition of what the
function does, even if they only call the inherited version after a
little bit of processing.

The wrong way to use virtual functions is via a “come-from”
mechanism like some Macintosh trap patches. Don’t override a
virtual function because “I know it’s called from over here with
these parameters.” Needless to say, this wreaks havoc with the
data abstractions that are one of the major benefits of object-based
programming. This is why the function must have a definition
that is clear in terms of the object it belongs to, without any
reference to its possible callers. If you override a function, the
override must make sense in terms of the definition of the func-
tion itself.

Multiple Inheritance

Multiple inheritance is a fairly new feature in object-based lan-
guages. To understand it better, look at Figure 1. In the single
inheritance class hierarchy on the left, each class has only one
parent. By contrast, in the multiple inheritance class hierarchy on
the right, a class can have more than one parent. Note, for in-
stance, that TAirplane inherits from both MFlyingObject and
MVehicle.
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FIGURE 1
Single inheritance vs.
multiple inheritance.
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Use in a controlled fashion. With multiple inheritance, there is
great potential for designing a confusing class hierarchy that
resembles a spaghetti bowl. Here are some guidelines for use of
multiple inheritance.

We start by artificially partitioning classes into two categories:
base classes and mix-in classes. To distinguish the two, base class
names begin with T (for example, TView), and mix-in class names
begin with M (for example, MEditable). Base classes represent
fundamental functional objects (like a car); mix-ins represent op-
tional functionality (like power steering).

The first guideline is: A class can inherit from zero or one base
classes, plus zero or more mix-in classes. If a class does not inherit
from a base class, it probably should be a mix-in class (though not
always, especially if it is at the root of a hierarchy).

The second guideline is: A class that inherits from a base class
is itself a base class; it cannot be a mix-in class. Mix-in classes can
only inherit from other mix-in classes.

The net effect of these two rules is that the base classes form a
conventional, tree-structured inheritance hierarchy rather than an
arbitrary acyclic graph. This makes the base class hierarchy much
easier to understand. Mix-ins then become add-in “options” that
do not fundamentally alter the inheritance hierarchy.

Like all guidelines, this one is not meant to be hard and fast.
Multiple inheritance can and should be used in other ways as well
if it makes sense. The fundamental thing to keep in mind is that
people (including programmers) are better at understanding regu-
lar structures than arbitrary acyclic graphs.

As part of multiple inheritance, C++ contains a new feature
called virtual base classes. The trouble is, if both B and C are
subclasses of A, and D has both B and C as base classes, then D
will have two A’s if A is not virtual, but only one A if it is. This is a
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Part 3:
Design
Issues

very confusing situation, and no matter which alternative you
choose, programmers will have a hard time understanding it. To
avoid getting into a situation like this, follow the preceding guide-
lines for use of multiple inheritance. And incidentally, using vir-
tual bases presents another problem: once you have a pointer to a
virtual base, there’s no way to convert it back into a pointer to its
enclosing class.

It’s OK to have multiple occurrences of a base. Sometimes the
same base class (it should be a mix-in) will occur more than once
as an ancestor of a class. It doesn’t hurt to have a base class twice
(aside from wasting space because of multiple pointers to the
virtual function table) and if you need to cast back from the base
class pointer to something else you may not have a choice, but it’s
really only useful to have a base class twice if data members are
associated with it.

In this part you'll find a discussion of general problems of pro-
gramming in C++.

Working in a Value-Based Language

C++ has a different object model from Object Pascal or Smalltalk.
The most fundamental difference is that whereas Object Pascal
and Smalltalk are reference based (that is, like Lisp, assignment
means copying a pointer), C++ is value based. By this we mean
that classes in C++ are treated just like primitive types, whereas in
Object Pascal objects are treated very differently from primitive
types. This is actually a benefit, since all types in a C++ program
are handled in the same style, as opposed to the multiple styles in
Object Pascal. (Smalltalk, like C++, is also self-consistent.) There
are some implications for your C++ programming style, however.

Don’t use pointers unless you mean it. Pointers should be used
in C++ in the same way you would use them in plain C or plain
Pascal; that is, when you really want multiple references to the
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same object, or a dynamic data structure. If you really just want to
pass something by reference to avoid copying, then you can use a
reference rather than a pointer (see below). In fact, you can even
pass a class by value if the copying overhead isn’t too high and
you don’t care about polymorphism (for example, the class has no
virtual functions).

Don’t allocate storage unless you must. In a reference-based
language like Object Pascal or Smalltalk, all objects must be heap
allocated. In C++, it’s better to treat values the same way you
would in C. For example, instead of defining a Clone operator,
overload the assignment operator; instead of allocating and re-
turning an object, have the caller pass one in by reference and set
it. This allows your classes to be treated just like primitive types,
and in the same style. In general, leave storage allocation up to the
class client.

By doing so, you can make use of one of C++’'s unique features:
the ability to have automatic and static objects, and objects as mem-
bers of classes. No matter how clever or efficient a storage allocator
we have, it can never be as fast as allocating an object on the stack,
or as part of another object. If an object can be local to a function,
there is no storage allocation overhead. Many objects have very
localized scope and do not need to be allocated on the heap.

There is one exception to the rule about allocating an object
and returning a pointer: you must do this when the type of the
returned object may vary. Anytime a function must choose what
type of object to return, the function must allocate the object, not
the caller.

It’s still all right for the caller to allocate storage even when the
type of object being passed in may vary, since references, like
pointers, can be used polymorphically (that is, you can specify a
TSubFoo& to an argument of type TFoo&). The key question is
whether the caller or the function must determine the type. In the
former case, leave allocation to the client; in the latter, the function
must allocate the object on the heap and return it.

Summary: pretend everything is a primitive. In summary, you
should design your classes so that using them is just like using a
primitive type in C. This will let the client use them in a style that
is “natural” for C. In cases where you wish to avoid copying, pass
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arguments by reference. Use pointers only when you want a truly
dynamic data structure, or when polymorphism demands it (note
that references allow for polymorphism also, since they are really
just a different kind of pointer).

Pointers Versus References

C++ provides two very similar mechanisms for passing refer-
ences to entities. One is the familiar pointer from classic C; the
other is a new concept, the reference. Pointers are declared as
follows:

TFoo *fooPtr;
But references are declared like this:
TFoo &f ooRef;

A pointer must be dereferenced to access what it points to, but
a reference can be used as is, and acts as a synonym for the object
it refers to, both for fetching and storing. This makes it similar to
other highly refined mechanisms, such as FORTRAN's equiva-
lence statement (or VAR parameters in Pascal). The entity to
which a reference refers may only be set when the reference is
created; in this respect it is somewhat like a const pointer that gets
a virtual * put in front of it wherever it is used, and puts a virtual
& in front of the expression from which it is initialized. Here are
two illustrative examples:

voi d Bunp(int *ip)

{
*ip += 1;
}
Bunp(&j);
void BunpR(int &)
{
i +=1;
}

BunpR(j ) ;
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There are certain circumstances where references are manda-
tory, for example, overloading the assignment operator. In other
cases, either a pointer or a reference can be used. The question is,
which should be used when?

References should be used when a parameter is to be passed
“by reference,” as in Pascal. This means that the called function is
going to forget about the argument as soon as it returns. A regular
reference should be used if you are going to modify the argument
(TFoo &), and a const reference should be used if you are not
going to modify it but don’t want the overhead of call by value
(const TFoo &).

Pointers should be used when the function you are calling is
going to retain a reference (an alias) to the object you are passing
in, such as when you are constructing a dynamic data structure.
An example is putting an object into a MacApp TList: the TList
retains a pointer to your copy of the object. The explicit use of
pointers lets the reader know that aliasing is occurring.

By using pointers and references appropriately, you can in-
crease the readability of your code by giving the reader hints as to
what is going on.

Portability

Don’t make assumptions. The Macintosh is the best personal
computer in the world, but there are times when you’ll want to
run your code on a different machine. For example, you might
have access to a CRAY or a VAX. Don’t make assumptions that are
only valid for the 680x0 family of processors. For example:

e Don’t assume that int and long are the same size.

e Don’t assume that longs, floats, doubles, or long doubles
can be at any even address.

e Don't assume you know the memory layout of a data type.

* Especially don’t assume you know how structs or classes
are laid out in memory, or that they can be written to a
data file as is.

e Don’t assume pointers and integers are interchangeable.
Use void * if you want an untyped pointer, not char *.
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e Don’t assume you know how the calling conventions are
implemented, or indeed any detail of the language imple-
mentation or run time.

ANSI specifies the following about C’s built-in types. This is
all you can safely assume:

e unsigned chars can hold at least 0 to 255. They may hold
more.

e signed chars can hold —127 to +127. They may hold more.

* chars may be either unsigned chars or signed chars. You
can’t assume either. Therefore, don’t use char unless you
don’t care about sign extension.

e shorts can hold at least —32,767 to 32,767 (signed) or 0 to
65,535 (unsigned).

e longs can hold at least —2,147,483,647 to 2,147,483,647
(signed) or 0 to 4,294,967,295 (unsigned).

e ints can hold at least -32,767 to 32,767 (signed) or 0 to
65,535 (unsigned). In other words, ints cannot be counted on
to hold any more than a short. int is an appropriate type to
use if a short would be big enough but you would like to
use the processor’s “natural” word size to improve effi-
ciency (on some machines, a 32-bit operation is more effi-
cient than a 16-bit operation because there is no need to do
masking). If you need something larger than a short can hold,

you must specify long.

If you need exact information, you can use the symbols de-
fined in limits.h. or float.h. Remember, though, that the values of
these symbols can change from processor to processor or com-
piler to compiler, within the limits just defined (for more informa-
tion, see the ANSI C specification).

It’s very easy to write nonportable code, and it takes some
vigilance to avoid it. It's well worth the effort, however, the first
time you port to a different processor, or try to use a different
compiler.

Pick a canonical format for messages and data files. Remember
that AppleTalk networks connect to non-Apple computers such
as the Intel-8x86 based MS-DOS machines. Thus, if you write or
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read any data in a context where it might go to or come from a
different CPU, you have to worry about formats. Such situations
include reading or writing disk files, or sending data over a
network (or even over NuBus). The other CPU might even have a
different byte order! The only solution to this problem is to pick a
canonical format for your messages or data files.

Just because you have a canonical format doesn’t mean you
must pay a big overhead every time you access your data. An
alternative is to perform the translation to or from canonical
format at a predetermined time. For example, outline fonts might
have a certain canonical format, which may not be convenient for
a particular processor to deal with. However, they can certainly
be converted to a convenient local format when the font is installed.

Don’t use (gasp!) naked C types. Another way to make your life
miserable is to use primitive C data types in your declarations.
This is a bad idea, since if the implementation ever changes you
have to do a lot of editing by hand. It's much better to declare a
type (via class definition or typedef) that represents the abstract
concept you want to represent, then phrase your declarations that
way. This lets you change your implementation by simply editing
the original type definition. Think of these types as giving your
data physical units, like kilograms or meters/second. This pre-
vents you from accidentally assigning a length to a variable with
type Kilogram, catching more errors at compile time.
So instead of

long tinme;

short nouseX;

char *nenuNane;

use (for example)

typedef [ong Ti neStanp;

typedef short Coordi nate;
class TString { ... };

Ti reStanp ti ne;



Unofficial C++ Style Guide 419

Coor di nat e nouseX;
TString nenuName;

It's OK to use a raw C type under certain circumstances, such
as when the quantity is machine dependent, or when it can be
characterized as (for example) a small integer. Otherwise, though,
it's best to give yourself flexibility down the road.

Two ANSI C header files, StdDef.h and Limits.h, contain use-
ful definitions. Here are two of the more useful ones:

size_t

The type returned by the built-in C sizeof function. This is useful
for representing the sizes of things.

ptrdi ff _t

A type that can represent the difference between any two pointers.
The astute reader has noticed that these names do not con-
form to our guidelines. In the interest of clarity, however, we
deem it better to use the names as defined by the ANSI C
committee.
Another item worthy of note: if a data type is unsigned,
declare it unsigned; this helps avoid nasty bugs down the road.

Error Reporting

Returned error codes are (ironically) a very error-prone tech-
nique. MacApp's standard is to use exceptions: a structured tech-
nique for reporting exceptions back to a function’s callers.

Unfortunately, the exception scheme does not handle an im-
portant case: an exception that occurs in a constructor. Handling
this properly requires compiler support, since any base class and /
or member constructors that have already been called must have
their corresponding destructors called; only the compiler can
know this. Until we get an official C++ exception scheme, you
must handle this problem on a case-by-case basis.

Signaling an exception in a destructor is not a good idea, since
any destructive behavior that has already taken place probably
cannot be reversed. Don’t do it.
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Conclusion

We've covered a lot of ground in this article. Don’t feel bad if you
didn’t understand every point we tried to make. It took us years
of working with objects before we figured out what virtual base
classes were good for! As you use C++ in your own work, think
about the rules we’ve laid down and see if they aren’t applicable
to your own situation. Come back and read these guidelines
every so often, just to refresh your memory. And finally, don’t be
shy about formulating some guidelines of your own!

David Goldsmith has been at Apple for four years, and now
focuses his energies on future system software. He has also worked
on MacApp and the Macintosh Toolbox (during the inception of
System 6.0). He received an MA in physics from Harvard in 1980,
and since has worked for Wang, Mosaic Technologies, and as a
contractor for Lotus. For him, the thrill of the job is “making
computers available to people whose lives don’t revolve around
computers.” His main interest outside the office is his family, with
its new member, eight-month-old Jane. He also enjoys reading
and listening to classical music.

“Hackerjack” Palevich is our local meerkat handler (look that
one up in National Geographic!). He has a degree in computer
science from MIT, where his “Thesis of Terror” was a prelude to
his video game days at Atari. Two years at Apple have landed him
in video conferencing and screen sharing. As the son of an Ameri-
can diplomat, he’s lived in some pretty interesting places (Berlin,
Poland, Laos, Greece, Maryland, and Cupertino). He didn’t buy
an Apple Il in the eleventh grade, and has regretted it since. His
interests include filmmaking, animation, and aerobics. He claims
to be halfway a nerd, but only his wife knows for sure. He also
likes to tell stories, so we’re not sure that any of this is really true.
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The Complete
Symantec C++
Development
Environment

NOW THAT YOU'VE WORKED WITH A SCALED-DOWN
version of Symantec C++, you’ll want to upgrade to the full
version. The complete Symantec C++ development environment
lets you take advantage of the powerful features and capabilities
that have made Symantec’s THINK Languages the leading devel-
opment tools for the Macintosh. This chapter will describe some
of those features, including:

e The Project
e The Editor
e Libraries
e Fast turnaround
421
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Special
Upgrade
Offer

Overview

of the
Symantec C++
Environment

* Source-level debugging

¢ Inline assembler

* Object-oriented programming

e The THINK Class Library

* Scripting and Apple Event support

You're familiar with some features of the Symantec C++ envi-
ronment from working with the special version of the product
included with this book. In the full version of the product, how-
ever, you can take advantage of many additional features, such as
an enhanced project window, full source-level debugging capa-
bilities, and an inline assembler. The THINK Class Library pro-
vides object-oriented building blocks for writing Macintosh
applications. Other powerful new features include an optimizer
for even tighter code, a class browser for object-oriented program-
ming, full ANSI compatibility, and Apple Event support for
customization. In addition, with the complete version of Symantec
C++, you can build your own double-clickable applications.

Symantec will upgrade owners of Learn C++ on the
Macintosh to the complete Symantec C++ development
environment for a special price. See the back page for
further details and an upgrade coupon.

Symantec C++ is a unique development environment for the
Macintosh. It features very fast C and C++ compilers, a resource
compiler, a faster linker, an integrated text editor, an auto-make
facility, and a project manager that holds all the pieces together.
Because the editor, the compilers, and the linker are all compo-
nents of the same application, the THINK Project Manager knows
when edited source files need to be recompiled.

Symantec C++ is a complete, integrated environment, not just
a C++ compiler for the Macintosh. Traditional development envi-
ronments consist of three separate applications: the editor, the
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The Project

compiler, and the linker. It is up to you to create your source files
with a text editor, run each file through the compiler, and finally,
link all your object files. In Symantec C++, the project manager
oversees the operation of the compilers, the linker, and the editor.
They all work in concert as part of the same application. This way,
the project manager knows when you’ve edited a file. The appro-
priate compiler produces object code that the linker can put to-
gether in an instant. Then the project manager can launch your
program. And because Symantec C++ is still running, it can launch
the source level debugger, so you can debug your program.

You can run your program from Symantec C++ as you work
on it. Your program runs exactly as if you had launched it from
the Finder, not under a simulated environment. If you use
MultiFinder or System 7, your program runs in its own partition
while Symantec C++ remains active, so you can examine and edit
your source files as you watch your program run.

With Symantec C++ you can build Macintosh applications,
desk accessories, device drivers, and any kind of code resource.
The standard C libraries include all the functions specified in the
ANSI C standard, as well as some additional UNIX operating
system functions. The C++ libraries include IOStreams, a flexible
expandable class library for doing input and output, and com-
plex, a library that enables you to do mathematic operations with
complex numbers.

Writing a program in Symantec C++ is like writing a program
in any other development environment. You create your source
files, compile them, then link the object code to create an execut-
able file. The difference is that in Symantec C++, you use the same
application to do all of this.

The project is at the heart of the Symantec C++ development
environment. It takes over the functions of several other files in
traditional development environments. The project holds the ob-
ject code of all your compiled source files and maintains the
dependencies and connections among them. It keeps track of files
that need to be recompiled or that depend on an edited #include
file. The project also lets you assign different compilers to different
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FIGURE H.1

files. This means that you can have C, C++, and even resource
files in the same project. If you're using the source level debugger,
the project keeps track of the information that the debugger needs.

Figure H.1 shows a sample project window. It contains a list of
all the files that comprise your program. To the right of each file
name is the size of that file’s object code. To the left of each file
name is the “bug” column that Symantec C++ adds to the project
window when you choose the Use Debugger command. Symantec
C++ generates debugging information for files that have gray
diamonds next to them.

bullseye++ 1 =——|

# Name Code
~ Segment 2 9640 45
4 bullMenus cp £zz | |
+ bullseye.cp 458
4 bull'window .cp 178
CPlusLib 1690
MacTraps SE30
= Segment F 28192
ANS++ 28188
Totals I8410
=
el

Rather than producing a separate binary object code file,
Symantec C++ keeps all object code in the project document in
ready-to-link form. Because the project document knows all the
files that make up your program (including header files), it can
keep track of changes. When you edit a source file, the project
manager marks it for recompilation. When you edit an #include
file, the project manager marks all the files that use it.
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The Editor

FIGURE H.2

Once you've created a project document, the next step is to add
your source files. Symantec C++ source files are standard text
files, so you'll be able to use existing source files. The Symantec
C++ editor uses standard Macintosh editing techniques, so you're
familiar with its basic operation. It also provides some features
that help you edit source code. Its search facilities include a
pattern-matching option based on Grep, and a multi-file search
that looks for strings in any file in your project.

Figure H.2 shows a sample search dialog from Symantec C++.

Search for: myllindow

Replace

[ Entire Waord ¢ [ MUlti-File Search -
OWwrap Around | [ 8aick Searh

(] Ignore Case PO sshudgs Systens Fies

] Grep |

(omirms) (e )

You can open as many files as the memory in your Macintosh
will allow, and each file appears in its own edit window. Al-
though you usually create and open source or header files, you
can also use the Symantec C++ editor to open any text file.

Holding down the Option key as you click in the title bar of
the project window brings up a pop-up menu containing the
names of all the #include files used in the project. (See Figure H.3.)
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FIGURE H.3

Libraries

S[[E==————————= Minikdit.c EEI
/ Controls.h i
Desk.h
Buggy MiniEdit.c Events.h
The sample application from Inside Mocintosh Files.h
beefed up a bit by Stephen Z. Stein, Symantec]
Use this file with the "MiniEdit” chopter of | FONLS.A
Menus.h
The resources used in this program are in the) mini.file.h
I order for THIMK C to find the resource fill mini.windows.h
project, be sure youve named the project Min| MiniEdit.h
###k There is a bug in this file! ##k Quickdraw.h
TextEdit.h
ToolUtils.h
#include <Quickdraw. bk Tupes.h
#include <Types.h: !_.|_|J
#include <Fonts. he Windows.h
#include <Hindows. h:

Along with your source files, you must add your libraries to the
project document. Virtually every program you write will need to
access the Macintosh Toolbox. You can call any Macintosh Toolbox
routine exactly as it’s described in Inside Macintosh. The code for
Toolbox routines marked:

[Not In ROM

as well as the glue code needed to call some of the other Toolbox
routines is in the MacTraps and MacTraps2 libraries.

Your Symantec C++ package also includes several other li-
braries you can use in your programs. The ANSI library contains
the standard ANSI functions defined in the ANSI standard. The
UNIX library contains UNIX system functions, including memory
calls. The IOStreams library contains flexible expandable C++
classes for doing input and output. The complex library contains
C++ classes for manipulating complex numbers. You can use
these libraries when you port code from other systems. You can
also create your own libraries in Symantec C++.
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Fast
Turnaround

Source-level
Debugging

Symantec C++ lets you run your program directly from the envi-
ronment. With the single command Run, the project manager
automatically recompiles the source files that are new or have
changed, and loads any unloaded libraries. Then the Symantec C++
linker links all your code together instantly. In this one step you
accomplish in seconds what used to take several minutes or longer.

The project manager launches your program as if you had
double-clicked on it from the Finder. This way, you know exactly
how your program will behave in actual conditions. If you're
running under MultiFinder or System 7, the project manager
launches your program in its own partition. Since Symantec C++
is still running, you can look at your source files while your
program is running.

To help get your program working correctly, you can use Symantec
C++'s source level debugger. The Symantec C++ debugger lets
you debug your code the way you wrote it: in C or C++. You can
set breakpoints, step through your code, debug objects, examine
variables, and change their values while your program is run-
ning. You can set conditional breakpoints that stop execution only
when certain conditions are true. You can debug inline functions
and templates. And because the debugger runs under MultiFinder,
you can edit your source files while you're debugging.

The debugger windows show you the source of your program
and the values of your variables. The Source window (see Figure
H.4) contains the source text of your program, the debugger’s
status panel, statement markers, the current statement arrow, and
the current function indicator. The title of the Source window is
the name of the source file.

The Source window shows the source text of your program.
When you start the debugger, this window shows the file that
contains the main() routine of your application. The top of the
Source window has a six-button status panel. These buttons con-
trol the execution of your program. The column of diamonds
running along the left side of the source text are statement markers.
Every line of your program that generates code gets a statement
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FIGURE H.4

FIGURE H.5

void
maind woid?

i

i<t 3 InitMacintosh s;

G SetUpMenusd);

O SetUpll indowd 3;
far ;2

» main

marker. You can set breakpoints at these statement markers. When
your program is running, the debugger stops execution just be-
fore a breakpoint. You can set three kinds of breakpoints: simple
breakpoints, conditional breakpoints, and temporary breakpoints.

The black arrow to the right of the statement markers is the
current statement arrow. This indicator shows you the current
statement, the one the debugger is about to execute. When you
start your program, the current statement arrow is at the first
executable line of your program.

The source debugger uses the space at the lower left of the
Source window for the name of the current function. When you
click here and hold the mouse button down, the debugger dis-
plays a pop-up menu that shows the call chain—the names of the
functions that were called to get to the current function.

The other debugger window is the Data window. (See Figure
H.5.) In this window you can examine and set the values of your

Data —=——Zxop|

ok, 1

il
theEuent struct 0x0126BCE4 ]

<]
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Inline
Assembler

Object-
Oriented
Programming
(O0OP)

The THINK
Class Library

variables. The Data window is modeled after a spreadsheet. You
can type variable names into the entry field (left column), then
press the Return or Enter key. When your program is running, the
variable value will appear in the right column.

Symantec C++ lets you use assembly language in your C and C++
programs. You can use the built-in inline assembler for assembly
language in your source files, or you can use object files generated
by other assemblers. Symantec C++ works within the compilers
to produce object code. You can use instructions for the Motorola
MC68000 and MC68020/030/040 processors and for the MC68881
floating-point coprocessor. You can refer to variables and func-
tions within assembly language routines. Your C and C++ rou-
tines can go to labels in the assembly routines and vice versa.

Symantec C++ provides a selection of tools for object-oriented
programming. The very fast C++ compiler lets you write object-
oriented programs using the powerful C++ language. The C com-
piler includes object-oriented extensions that allow you to write
object-oriented programs using extensions to standard C. The
THINK Class library allow you to write object-oriented Macintosh
programs very quickly by providing a set of classes that imple-
ment a standard Macintosh application. The THINK Class library
is included in both C and C++ versions. The integrated class browser
allows you to navigate your object-oriented programs quickly.

Object-oriented programming is a compelling choice for many
programmers today and the built-in OOP capabilities of Symantec
C++ make it accessible to you whether you're a novice or more
advanced professional.

Macintosh programming is not hard to learn, but it requires mas-
tering some new concepts and many operating system routines.
To make learning Macintosh programming easier, Symantec C++
comes with the THINK Class Library.
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Scripting and
Apple Event
Support

Why
Upgrade?

The THINK Class Library (TCL) is a collection of classes that
implement a standard Macintosh application. The TCL takes care of
things like handling menu commands, updating windows, dispatch-
ing events, dealing with MultiFinder, maintaining the Clipboard,
and so on. The TCL takes care of the common Macintosh interface,
so you can concentrate instead on your program’s functionalism.

The Symantec C++ project manager provides scripting support.
This means that you can automate complex or repetitive tasks
performed in Symantec C++ using scripts written or recorded using
third-party products like Frontier (Userland) or AppleScript (Apple).

The project manager also links with Symantec’s THINK Ref-
erence, an online hypertext guide to the Macintosh Toolbox. Ex-
tensive information on any Toolbox routine can be brought up
with just a double-click.

Symantec C++’s interface to Apple’s SourceServer source con-
trol system makes team programming and version control easy
and reliable. The ToolServer interface allows you to use a rich set
of MPW programmer utilities from the Symantec C++ environment.

The project manager’s third-party editor support means that
you can use your favorite programmer’s editor instead of the one
that comes with Symantec C++, without giving up the benefits of
an integrated environment. The project manager and the third-
party editor communicate through apple events, so the project
manager can still keep track of which source files have been
edited.

As you can see, the full version of Symantec C++ offers a host of
features not included in this special book-version of the product:
the project document, libraries, full source-level debugging, inline
assembler, object-oriented programming, the THINK Class Li-
brary, and more. As you develop your skills as a Macintosh
programmer, you'll want the power and flexibility the Symantec
C++ development environment offers. Plus, you can upgrade to
the complete version for a special price. See the coupon at the
back of the book for details.
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\t, 27 Arithmetic operators, 36, 41
\v, 27 arrayPtr, 244-246, 251-252
\\, 27 Array(s), 29

|, 37,41, 168 class, 244

|=,37, 41,168
I'l,39, 41,168
..., 42-43

A
Abbreviations, 390
Abstract class, 301
Abstract base classes, 406-407
Access and inheritance, 130-136
Access function, 301
Access priveleges, 106-109
Access specifier, 106-108, 301
Addition, 36
adjustfield, 233
Advanced C++: Programming Styles and
Idioms, 431
Ambiguities, 264
multiple-root example, 265-268
virtual base class, 268-274
AND, 37, 39, 41
Annotated C++ Reference Manual, The, (ARM),
59, 432
ANSI C
keywords, 41
operators, 36-41
Apple Computer, ix, 4, 385, 420, 431
Apple event support, 430
Apple Programmers and Developers Associa-
tion (APDA), 385
Apple Technical Journal, The, 385
AppleLink, 298
Application framework, 293, 301
argc, 42
Argument(s), 40-43, 246-247
command line, 42
initializers, 63
names, 246
argv, 42

definitions, 29

initialization, 30

multidimensional, 29

pointers, 34-36, 413-414

range checking for, 187

templates, 245-246, 251
Assignment, initialization versus, 274-278
Assignment, memberwise, 195, 303
Assignment operator, 36-37
Assignment statement, 84, 187-189, 276
Augmented assignment operators, 37
auto, 34, 41
Automatic type conversion, 32-33, 49

B

Backslash, 26-27

Backspace, 27

Backup copy, THIN C++, 12

badbit, 216-218

Base class, 127, 301, 413
and constructors with parameters, 143-149
inheritance, 128-136
virtual, 149-153

basefield, 237

Basic, ix

Bedrock, ix, 4, 295

Bell, 27

Binary operator, 36, 160

Bit, 37, 216-218, 304

Bit shift, 37

Bitwise logical operators, 37-38

Boolean logic, 39

Bounds checking, 244, 251

Brackets, 78

break, 41

Buffer, 238-240

Buffered, 205

Built-in operators, 158, 168
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C

C code, running under C++, 48
automatic type conversion, 49
function prototypes, 48
scope differences, 49-51

C programming, ix, 24
comments, 43-44
functions, 42-43
literal constants, 24-28
operators, 36-41
preprocessor directives, 43
statements, 41
variables, 28-36

C Programming Language, The, 44, 432

C++ Primer, 299, 431

C++ programming, ix, 4, 48
comment marker //, 52
default argument initializers, 63-66
function name overloading, 73-77
inline functions, 87-89
input and output, 53-62
new and delete operators, 77-84
new features, 52
reference variables, 66-73
scope resolution operator, 84-86
structure, 94-95

C++ Programming Language, The, 299, 431

C++ Programming with MacApp, 431

Call operator, 183-185

call source code, 184-186, 307-308

Call-by-reference, 70-72

Carriage return, 237

case, 41

Case
functions, 212-213
global variables, 84-85
scientific notation, 235-236

cerr, 53, 205

char, 28, 32, 41

Character constants, 26-27

Character-based interface, 204

cin, 53

cin source code, 60-62, 308
class, 108, 130, 246, 301
Class declaration, 128
See also Base class; Derived class
Class derivation, 127-136, 301
Class functions, 116
Class libraries, 293-296, 301
Classes, 204-211
clear(), 217
clog, 205
close( ), 223
Close Project, 18
Colon, 108
Comma operator, 40, 168
Command key, 14
Command-line arguments, 42
Comments, 43
markers, 52
Compilers, 4
CompuServe, ix
Conditional operator, 38
const, 41, 118, 392, 394-396
qualifier, 33
and reference types, 275-276
Constant names, 389
Constructor function, 101-102, 302
Constructors
adding parameters to, 103-104
and destructors, 104-106, 136-142
with parameters, 143-149
virtual, 410
continue, 41
Control character, 212-213
Control Manager, 292
Coplien, James, 431
Copy constructor, 280, 302
Copyright notice, 386
CopyString, 35-36
cout, 53-57, 205, 236
cout source code, 57-59, 308-309
Curly braces, 41
Current function, 427
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Current object, 98-99, 302
Current statement, 427
Current statement arrow, 427

D
Data members, 95, 244, 302
Data-hiding, 404-409
Debugging, 427-429
dec(), 232, 237
Decimal, 70
Decimal constants, 24
Declaration, 51, 302
class, 128
static, 34, 41
template instantiation, 248-249, 305
union, 30-31
Decrement operator, 38-39
default, 41
Default argument initializers, 63-66, 302
Default arguments, 399
Definition, 51, 302
delete, 77-84, 100, 105, 168, 179-180, 198
Derivation chain, 137-142, 302
Derived class, 125, 302
base classes, 143-149
constructors and destructors, 136-142
inheritance, 128-136
overriding member functions, 149-153
parameters, 143-149
summary, 154
derived source code, 132-136, 309-310
Desktop file, 14
Destroyed, 96
Destructor, 283
virtual, 410
Destructor function, 104-106, 136, 302
develop, 7, 298, 385, 431
Dimension, 29
Division, 36
do, 41
double, 25-26, 28, 32, 41
Double quotes, 27
DOS, 4

E

Edit menu, 17
Editor, 425-426

Elements of C++ Macintosh Programming, 431

Ellipsis, 42-43

Ellis, Margaret, 432

else, 41

employee source code, 110-114, 310-311
Encapsulation, 94-96, 404

End-of-file, 224, 237, 239

ends( ), 237

enum, 27, 41, 392-393

Enumerations, 27-28, 50, 390-391
Enumerations constants, 27-28, 50-51
eofbit, 216-218

equals operator, 36, 41, 168, 179-180, 195
equals source code, 196-200, 311-313
Errors, 205, 419

EXCLUSIVE OR, 37

Explicit typecasting, 49

Exponent, 25

extern, 34, 41

Extract, 12-13

Extraction operator, 53, 302

F

failbit, 216-218

False, 81

Fields, 29

File extensions, 20

File menu, 16-17

File-opening, 213-215

File-reading, 215-216

fill( ), 233-234, 237

Find Text dialog box, 18

fixed, 236

flag( ), 232

float, 25-26, 28, 32,41, 171, 177, 231
Floating-point constants, 25-26
flush, 236

Font, 17-18

for, 41

formatter source code, 233-235, 313
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Formatting flags, 231-233, 302
Formatting output, 231-236
Formfeed, 27
fprintf( ), 238
Fractional, 24
free( ), 77
friend, 115-123, 407-408
friends source code, 118-123, 313-316
fstream.h, 223, 345-352
Function(s), 42
access codes, 106-109
argument names, 389
arguments, 63-65
case, 212-213
ellipsis, 42-43
memberwise initialization, 278-280
overload matching rules, 76
prototypes, 42, 48, 65
signature, 172
Function call operator, 183-187
Function name overloading, 73-77, 302, 400
Function templates, 247-249

G

get( ), 206-208

getline( ), 209

Global names, 389

Global variables, 84-85, 396-397
Goldsmith, David, 298, 385, 420, 431
goodbit, 216-218

goto, 41

gramps source code, 138-142, 316-317
Graphical user interface, 290

H

Header files, 43

hello++ source code, 13-16, 317
hex(), 232, 237

Hex numbers, 235-236
Hexadecimal, 70

Hexadecimal constants, 24
Hierarchical File System (HFS), 296

Horizontal tab, 27
How to Write Macintosh Software, 432

I
Identifier, 29
if, 41
ifstream, 214, 222
ignore( ), 209
Implementation, 106, 408
Increment operator, 38-39
index, 189-190
Inheritance, 128-136, 303
class derivation example, 131
protected, 107, 142, 145, 262, 404-409
See also Multiple inheritance
init source code, 277-278, 318
Initialization, 29-30
Initialization, memberwise, 278-286
Initialization versus assignment, 274
const and reference types, 275-276
init source code, 277-278, 318
member initialization list example, 276-278
inline, 87-89
inline assembler, 429
inline functions, 87-89, 303, 393-394, 397-398
inline source code, 88-89, 318-319
Input and output, 53-55
iostream and objects, 62
iostream input, 59-62
iostream output, 55-59, 178
Insertion operator, 53, 303
Inside Macintosh, 290, 296-297, 431
Installation, THIN C++, 12-13
Instantiation, 248-249
int, 24, 28, 32, 41
Integer, 25
Integer division, 36
Integral constants, 24-25
Integral type, 28
Interface guidelines, 290, 303
Interface routines, 106
Interface vocabulary, 290, 303
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internal, 233

iomanip.h, 237, 353

ios, 204

ios::, 214

iostream, 53, 202
character-based interface, 204
classes, 204-211
close(), 223
customizing, 224-230
formatting output, 231-236
ifstream, 214, 222
input, 59-60
istream, 205-211
istrstream, 238-240
manipulators, 236-238
and objects, 62
ofstream, 214, 222
ostream, 205-211
ostrstream, 238-240
output, 178
reading data from a file, 213-216
state bits, 216-21
strstream, 238-240
utilities, 211-212
write( ), 224

iostream.h, 54, 81, 162, 223, 240, 355-378

isalnum( ), 212-113

isalpha( ), 212-113

isentrl( ), 212-113

isdigit( ), 212-113

isgraph( ), 212-113

islower( ), 212-113

isprint( ), 212-113

ispunct( ), 212-113

isspace( ), 212-113

istream, 205-211

istrstream, 238-240

isupper( ), 212-113

isxdigit( ), 212-113

Iterator function, 186
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Kernighan, Brian, 44
Keywords, ANSI C, 41
Knaster, Scott, 285, 298, 432

L
Learn C on the Macintosh, 4, 44, 432
Learn C++ on the Macintosh, ix, 3
Left bit shift, 37
Left-justify, 234
Libraries, 293-296, 426
Lippman, Stanley, 299, 431
Literal constants, 24
character, 26-27
enumerations, 27-28
floating-point, 25-26
integral, 24-25
string, 27
Local variables, 84, 389
Logical operators, 39
long, 24, 28, 31, 32, 34, 41
long double, 25-26, 28, 32
Lowercase, 235

M

Mac Primer, 297

MacApp, ix, 293-294

Macintosh, ix, 4, 295

Macintosh C Programming Primer, 297-298, 432
Macintosh Hierarchical File System (HFS), 296
Macintosh Human Interface Guidelines, 290, 432
Macintosh Pascal Programming Primer, , 432
Macintosh Programmer’s Workshop (MPW), 294
Macintosh Programming Secrets, 298, 432
Macintosh system software, 4

Macintosh Toolbox, 291-293, 296, 303
MacTraps library, 293

main( ), 42, 48, 133, 135, 141-142, 166, 177
malloc( ), 77-78

Manipulators, 236-238, 303

Mark, Dave, 297, 432
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Matching rules, 76
Member access operator, 190-194
Member functions, 95, 303
constructor function, 101-102
destructor, 104-106
operator overloading, 160-161
overriding, 149-153
parameters, 103-104
Member initialization list, 263, 275-278, 303
Member names, 389
Memberwise assignment, 195, 303
Memberwise initialization, 278, 303
copy constructor, 280
example, 280-286
memberWise source code, 281-286, 319-321
memberWise source code, 281-286, 319-321
Memory allocation, 77-84, 305
Menu Manager, 291-292
menu source code, 173-179, 321-322
Microsoft, 4
Multidimensional arrays, 29
multInherit source code, 258-261, 322-324
Multiple inheritance, 256-257, 303, 411-413
example, 258-261
multiinh, 262-264
static members, 261-262
Multiple overloading functions, 161
Multiple-root example, 265-268
Multiplication, 36

N

Naming conventions, 389-391
Nesting, C comments, 44

new, 77-84, 100, 105, 168, 179-180
new handler, 81

New Inside Macintosh, 431

new source code, 181-183, 324-325
Newline, 26-27

newTester source code, 81-84, 325-326
nonprivate, 257

nonstatic member function, 98-99, 178, 183-184
nonstatic variable, 34

nonVirtual source code, 266-268, 326-327
NOT, 39

Null terminator, 27, 36, 103, 239
Null-terminated string, 196, 239

@)
Object, 62, 303
Object code, 19
Object programming, 93
access priveleges, 106-109
creating an object, 96-97
data members, 97-100
deleting an object, 100
encapsulating data and functions, 95-96
example, 109-114
friends, 115-123
member functions, 101-106
pointer, 97-99
struct, 94-95
Object-Oriented Programming (OOP), 429
oct( ), 232, 237
Octal constants, 24
ofstream, 214, 222
Open Project, 18
Operands, 32-34, 36
Operator(s), 36
arithmetic, 36, 41
assignment, 36-37
bitwise logical, 37-38
built-in, 158, 168
comma, 40
conditional, 38
decrement, 38-39
delete, 77-84, 100, 105, 168, 179-180, 198
equals, 195-200
extraction, 53, 203
function call, 183
increment, 38-39
insertion, 53, 203
logical, 39
new, 77-84, 100, 105, 168, 179-180
precedence of, 40-41
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relational, 39
scope resolution, 84-86
sizeof( ), 40, 168
subscript, 187-190
Operator overloading, 157-158, 304, 402-403
equals, 195-200
example, 161-168
function call, 183-187
member access, 190-194
member function, 160-161
memberwise assignment, 195-196
multiple overloading functions, 161
new and delete, 168, 179-180
nonoverloadable, 168
overloadable, 168
overloader overloading example, 173-179
overloading an overloading function, 172
restrictions, 168-170
smart pointer, 191
specified, 159
subscript, 187
using a member function, 160-161
versions, 172-173
OR, 37, 39, 232
ostream, 205-211
ostrstream, 238-240
Out of bounds, 253-254
Output, 55-59, 278
overload source code, 75-76, 226-230, 327-330
Overloading
functions, 73-77, 172, 302, 400
new and delete, 180-183
specified operator, 159
See also Operator overloading
Overriding function, 149-153

P
Palevich, Jack, 298, 385, 420, 431
Pascal, ix, 4
Parameters
adding to constructor, 103-104
constructors with, 143-149

Parentheses, 168, 179-180, 183
Passed by reference, 42, 68-73, 280
Passed by value, 42, 66-68
peek(), 210
Pointers, 34-36, 413-414
memberwise initialization and, 279
smart, 191, 304
versus references, 415-416
Postfix notation, 39, 169
Pound sign, 43
Portability, 416-417
Precedence of operators, 40-41
precision( ), 236-237
Prefix notation, 39, 169
Preprocessor, 43, 391-394
Preprocessor directives, 43
Preprocessor pass, 43
Printable ASCII character, 212
printf( ), 43, 53, 238
private, 107, 130-136, 142, 162, 227, 262, 404-409
Program, 14
Project, 13-14, 304, 423-424
Project file, 13, 304
Project Manager, 14
Project menu, 16-18
Project window, 15, 304
Projector, 388
protected, 107, 131, 142, 145, 262, 404-409
protoTester source code, 65-66, 330
public, 107, 130-136, 145, 162, 227, 262, 270,
404-409
Punctuation characters, 212-213
Pure virtual function, 406
Push button, 292
put(), 210, 239
putback(), 210

Qualifier, 28, 33-34, 61
Question mark, 27
Quotation mark, 27
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Radio buttons, 292

Radix flags, 232

Range checking, 187

Read only memory (ROM), 291, 304
read( ), 224

readMe source code, 215-216, 330
Rebuild desktop file, 14

Reed, Cartwright, 297, 432
reference, 68-73

Reference source code, 70-73, 331
Reference variables, 66-73, 304
register, 34, 41

Relational operators, 39

Remove Objects, 18-19
resetiosflags, 237

return, 27, 41

Revert, 17

Right bit shift, 37

Right-justify, 233-235

Ritchie, Dennis, M., 44

Root, 265

Root base class, 256, 304
Rosenstein, Larry, S., 431

Run, 19
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scanf( ), 53

scientific, 235-236

Scope, 49-51, 73, 304

Scope resolution operator, 84-86, 304
scopeTester source code, 85-86, 331-332
Scripting, 430

Scroll bar, 292

seekg( ), 211

seekp( ), 211

Self-extracting archive, 12
Semicolon, 41

Set Tabs & Font dialog box, 18
setbase, 237

setf( ), 231, 237

setfill, 237

setiosflags, 237
setprecision, 237
setw, 237
Shafer, Dan, 431
short, 28, 32, 41
showbase, 235
showpoint, 235
showpos, 235
signature, 74, 172, 304
signed, 28, 41
Single quotes, 26-27
Single-byte backslash characters, 26
sizeof, 41, 50
sizeof( ), 40-41, 168
Smart pointer, 191, 304
smartPtr, 190
smartPtr source code, 191-194, 332-333
Snyder, Alan, 409
Source code comments, 43-44
Source-level debugging, 427-429
Space, 212
Specifiers, storage class, 34
sprintf( ), 238
square source code, 145-148, 333-334
State bits, 216-218, 304
stateBits source code, 219-222, 334-335
Statement(s), 41
assignment, 84, 187-189, 276
friend, 115-123, 407-408
sizeof, 41, 50
typedef, 31, 41, 43
Statement markers, 427
static, 34, 41
Static initialization, 397
static members, 261-262, 305, 396-397
Storage-class specifiers, 34
strepy( ), 174-175, 196, 282
stream.h, 223
streams, 223
strnepy( ), 103-104, 111
string, 195-197
String constants, 27
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String copying, 35-36
Stroustrup, Bjarne, 299, 405, 431-432
strstrea.h, 379-383
strstream, 238-240
strstream source code, 238-240, 335-336
struct, 29, 31, 41, 94-95, 130
structures, 29-30
Subscript operator, 187-190
subscript source code, 188-190, 336-337
Subtraction, 36
Sun, 4
switch, 41
Symantec, ix, 4, 11, 293-294
Symantec C++ development environment, 421
Apple event support, 430
editor, 425-426
inline assembler, 429
libraries, 426
Object-Oriented Programming (OOP), 429
overview, 422
project, 423-424
scripting, 430
source-level debugging, 427-429
THINK class library, 429-430
upgrade offer, switch, 422, 430
System 7, 5
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Tabs, 17-18, 27
Templates, 244-246, 305

declaring an object using, 246

example, 250

function, 247-248

instantiation, 248-249, 305

template argument list, 246-247, 305
template source code, 251-256, 337-339
Terminator, 26, 103
Ternary operator, 38
THIN C++, 3,5

features, 16-19

installing, 12-13

Project Manager, 14

project window, 15

projects, 13
testing, 13-16
THINK C, 293-294
THINK class library (TCL), 293, 429-430
THINK Reference, 297
this, 99-100, 199
tilde ~, 37, 41, 104, 168
time source code, 162-168, 339-341
tolower( ), 212-213
toupper( ), 212-213
Translator, 20
True, 81
Two-stage construction, 305
Type, 29
Type checking, 42
Type coercion, 403-404
Type names, 389
Typecast, 41
Typecasting, 33
explicit, 49
Typedefs, 31, 41, 43
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UL, 25

Unary operator, 34, 37, 39, 41, 160
Unbuffered, 205

union, 30, 41

Unions, 30-31

Unix, 4

Unofficial C++ Style Guide, 7, 298, 385, 431
unsetf( ), 231, 237

unsigned, 28, 32, 41

unsigned int, 24

unsigned long, 25, 32

Upgrade offer, 422, 430

Uppercase, 235

User Interface, 289-291

Utilities, input and output, 211-212

Vv
Variables, 28
arrays, 29
automatic type conversion, 32-33
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const qualifier, 33 void, 33, 41

global and local, 84-85, 389, 396-397 void pointer, 33, 49

initialization, 29 volatile, 34, 41

pointers, 34-36

reference, 66-73, 304 W

storage-class specifiers, 34 Weston, Dan, 431

structures, 29-30 whatAml source code, 150-153, 343-344

this, 99, 199 while, 41

typecasting, 33 while clause, 36

typedefs, 31 while loop, 216, 218, 230, 239

unions, 30-31 White space, 68-69, 232, 237
Vertical tab, 27 width( ), 233-235, 237
virtual, 149-153, 182, 270 Wilson, David, A., 431
Virtual base class, 268-274, 305 Window Manager, 292
virtual destructor, 409 Windows, 4
Virtual functions, 149-153, 409-411 write( ), 224

virtual source code, 271-274, 341-342 ws( ), 237



