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Welcome Aboard

Welcome! By opening this book, 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 power-
ful programming languages in the world today—you’ve definitely
made a wise investment.

Before we start programming, we first need to address a few ques-
tions.

What'’s in the Package?

Why Learn

Learn C++ under Windows 95/NT is an electronic book. 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 addition to this electronic book, the Discover Programming CD-

ROM contains all the software you'll need to run each of the book’s
programming examples on your own computer. Included on the CD
is CodeWarrior, a leading C++ programming environment. The CD
also includes each of the programs presented in the book so that you
don’t have to type the examples yourself. Such a deal!

C++7?

There are a lot of reasons for learning C++. Perhaps the biggest rea-
son 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++.

You'll find support for C++ everywhere. There are C++ compilers
for Unix, the Macintosh, DOS, and, of course, Windows. The num-
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Welcome Aboard
What Should I Know to Get Started?

ber of C++ programming texts is growing by leaps and bounds. Op-
portunities for a good C++ programmer are endless.

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

What Should | Know to Get Started?

There are two prerequisites to using this book. First, you must have
a basic knowledge of Windows. Do you know how to start up an ap-
plication? Do you know how to use a word processor like Microsoft
Word? If you can use Windows to run programs and edit docu-
ments, you're halfway 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 The C
Programming Language by Brian Kernighan and Dennis Ritchie. Be
sure to get the second edition. 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 Windows, you're ready to tackle C++.

What Equipment Do | Need?

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 PC. If you
don’t have one, borrow one from a friend. You’ll need a PC with at
least a 486-based processor and 16 megabytes of memory. CodeWar-
rior will run with Windows 95 and Windows NT 4.0.

The Lay of the Land

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. If you're a C master, you might want to skip the C review
in Chapter 3. Try not to skip over material that seems fuzzy. If you
get stuck, find a C++ programmer who can answer your questions.
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Welcome Aboard
The Lay of the Land

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!

The Chapters and Appendices

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

Chapter 2 covers the basics of using CodeWarrior to open a project
and then convert the project’s source code into an executable appli-
cation.

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 rang-
ing from C++ operators and keywords to reference types and func-
tion 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++ al-
lows 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 introduces i ost r eam C++’s equivalent of C’s st di o li-
brary. Just as routines such as pri nt f () and scanf () allow you to
build a portable user interface in C, the i ost r eamfunctions 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 chapter, you’ll
have completed the first phase of your C++ education.
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The Lay of the Land

By the Way

Chapter 10 wraps things up. It prepares you for the next step on
your programming path. You'll learn about class libraries. You'll
also 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

<fstream h>, <iomanip.h> <iostreamh>, and
<sstream h>, respectively. These files are all critical parts of the
| ost ream library. If you'll be using i ost r eam in your own ap-
plications, you'll find these appendices helpful.

Appendix G is a bibliography of useful programming titles.

The Conventions Used in This Book

As you read this book, you'll encounter a few standard conventions
that make the book easier to read. For example, technical terms ap-

pearing 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 f ont. This includes source code
fragments that appear in the middle of running text.

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,” “De-
tail,” “Definition,” and “Warning.” 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 detailed information about the
current topic. “Definition” tech blocks contain the definition of an
important C++ term. “Warning” tech blocks are usually trying to
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Strap Yourself In...

caution you about some potential programming problem, so pay
attention!

Strap Yourself In...
That’s about it. Let’s get started!
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2
M Using CodeWarrior

In this chapter, we’ll go over the basics of using CodeWarrior to
open a project and then convert the project’s source code into a real
executable application.

Opening a Project

Let’s take CodeWarrior for a spin. Open the Learn C++ Proj ect s
directory on your hard drive; then open the subdirectory named
02.01 - hel | a Youshould see a window with three files. Two of
the files in this window, hel | 0. cwp and hel | 0. cp, contain the
ingredients you'll use to build your very first C++ application. (The
third file, hel | 0. exe, is the finished C++ application.)

Double-click on the file hel | 0. cwp. A window just like the one
shown in Figure 2.1 should appear. This window is called the
project window. It contains information about the files used to
build our executable application. Since this information is

: i hello.cwp M=] E1

R [&] Fie Code | Data| 4
= & SOUrCe (i} (i

F

R+ LTS
w  Mwcrillib
w Ansicx86.lib
w ANSICPPX86.LIB
- & system Libraries
w  User32.lib
w Kernel32.lib
w Gdi32.lib

7 file(s)

DDEEL

L) ) N

Pilo oo oo oo )
Cilooooo oo )

Figure 2.1 The hel | 0. cwp project window.
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Using CodeWarrior

Opening a Project

Warning

Figure 2.2

stored in the file hel | 0. cwp, this file is also known as a project
file. A file that ends in the characters . cwp is a CodeWarrior project
file.

If a window with the title hel | 0. cp appeared instead of the one
shown in Figure 2.1, you double-clicked on the wrong file. Quit
CodeWarrior and double-click on the file hel | 0. cwp instead of
hel | 0. cp.

The project window in Figure 2.1 is divided into two parts, each
marked by a down-pointing triangle on the extreme left side of the
window. The first part (labeled sour ce) names the files that contain
the project source code. Source code is a set of instructions that de-
termine what your application will do and when it will do it. This
project contains a single source code file, named hel | 0. cp.

Let’s take a look at the source code in hel | 0. cp. Double-click on
the label hel | 0. cp, being careful not to double-click on the word
sour ce. A source code window will appear containing the source
code in the file hel | 0. cp (Figure 2.2). This is your first C++ pro-
gram. This program tells the computer to display the text “ Hel | o,
wor | d! ” in a window. Don’t worry about the how or

: @ hello.cp - O]
Path | O:deteppteppdonetd2 .01 - hello+thello.cp g

#include <iostream. h: |

int main()
cout << "Hello, world!":

return 0;

¥

The source code window with the source code from the file
hel | 0. cp.
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Using CodeWarrior
Compiling a Project

why of it right now. We'll get into all that later on. For now, let’s turn
this source code into an application.

Compiling a Project

Figure 2.3

Go to the Project menu and select Run. If you look closely, you'll
see numbers appear in each row of the project window. Then, a
new window, labeled hel | o, will appear on the screen. When you
selected Run from the Project menu, CodeWarrior converted your
source code into an application named hel | 0. exe and then ran
hel | 0. exe. The application hel | 0. exe in turn, created the new
window (Figure 2.3).

=10 x|

» world?

The window created by the hello.exe program.

This window is not a CodeWarrior window, but a DOS console win-
dow. Itonly gets displayed for an instant. You can make the win-
dow of your console application remain visible until you hit any key
by adding the following line of code:

get char();

Learn C++ under Windows 95/NT 13



Using CodeWarrior
What’s Next?

This has already been done for you in the first couple of sample
projects. If you execute hel | 0. exedirectly from the DOS window,
the text “ Hel 1 o, wor | d! ” will be output to the same window.

What's Next?

Now that you've learned the basics of CodeWarrior, let’s take a lit-
tle closer look at the programming process. Get comfortable and
turn the page. Here we go. . ..
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3
M Remembering C

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.

Literal Constants

This section covers the various forms you can use to represent a con-
stant in C.

Integral Constants

Integral constants (constants that represent mathematical integers)
can be represented in decimal, octal, or hexadecimal format. Deci-
mal constants appear as plain numbers. Octal (base 8) constants al-
ways start with a leading zero. Hexadecimal (base 16) constants
always start with the two characters Ox.

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

OxOOFFOOFF

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:
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Remembering C
Literal Constants

By the Way

205L

To represent a decimal constant as an unsi gned i nt, tack a U (in
either upper or lower case) at the end:

205U

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

205UL

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

Floating-Point Constants

Floating-point constants represent signed, real numbers. A complete
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 following are legal
constants:

100. e2
. be2
100.5
.5
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Remembering C
Literal Constants

100e5

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

125. 7F

To represent a floating-point constant as a| ong doubl g tack an L
at the end:

125. 7L

float, double, 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 char-
acter in single quotes, like this:

The\ character (backslash) is used to create special single-byte char-
acter constants. If the first character following the\ is a zero, the re-
mainder 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 represent the ASCII
bell character:

“\ 007’
“\ X7’
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Literal Constants

In addition, there are 11 backslash combinations that represent sin-
gle-byte characters (Figure 3.1). For example, the constant ‘ \ @’ rep-
resents the ASCII bell character.

By the Way The most frequently used backslash sequence is the newline char-
acter, 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.

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

Figure 3.1  Single-byte backslash characters.
String Constants

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

char *nickname = “Apple dunpling”;

18 Learn C++ under Windows 95/NT
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Variables

Variables

Each character in the string consumes 1 byte of memory. A null ter-
minator (‘ \ 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 alternative to
the #def i ne mechanism (described later in the chapter) by allow-
ing you to declare a series of constants with a single statement.
Here’s an example:

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

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, monday is ini-
tialized to 2, t uesday to 3, wednesday to 4, and so on.

Variables can be defined within any block of code. The basic vari-
able types are char, int, andfl oat. All three of these can be de-
fined as si gned or unsi gned. A si gned variable can represent
either a positive or a negative number, while an unsi gned variable
is limited to nonnegative numbers. For example, a si gned char
can hold values ranging from —128 to 127 and an unsi gned char
can hold values from 0 to 255.

In addition to si gned and unsi gned, an i nt can be defined using
the qualifier shor t or | ong, as in these examples:

| ong i nt nmyLong;
short int nmyShort ;
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Variables

Style

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

| ong nmyLong;
short nmyShort ;

The ANSI standard does not specify the size of thei nt data type,
leaving that decision up to the development environment.

Justas char, short, and | ong represent a steadily increasing se-
quence of integral types, f | oat, doubl e, and| ong doubl earea
steadily increasing sequence of floating-point types.

According to the ANSI standard, adoubl eis at least as large as a
fl oat,and al ong doubl e is atleast as large as a doubl e. Typi-
cally, af | oat is four bytes long, and a doubl e, appropriately
enough, is 8 bytes long. On most machines, al ong doubl e is the
same size as a doubl e.

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 nmyShort Array[ 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 necessary. In most
cases, an array of pointers serves the same purpose and allows
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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 firstlLetter = “a’;

char *nane = “Dave Mark”;

short val ue = OxFFAA;

float 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 st r uct keyword. The individual vari-
ables in a st r uct are known as fields. To access a st r uct field, use
the . operator, as shown in the following example:

struct

{
short nmyFirstFiel d;
f | oat nySecondFi el d;

} nyStruct, *nyStructpPtr;
nmyStruct.nyFirstField = 20;
To access a struct using a pointer, use the - > operator as follows:

myStructPtr = &yStruct;

nyStructPtr->nyFirstField = 20;

Learn C++ under Windows 95/NT 21



Remembering C
Variables

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 struc-
ture declaration, but the uni on keyword is substituted for the

st ruct keyword. In a union, however, enough memory is allocated
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 | ong

{
short nmyShort ;

| ong myLong;
}

uni on short_or | ong myUni on;

The union declaration just given merges a short and al onginto a
single entity. If you refer to

nmyUni on. myShort

the first 2 bytes of the union will be interpreted as a shor t. If you
refer to

myUni on. myLong

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

t ypedef short My Type;
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creates a new type called My Ty pe, which can be used in future vari-
able definitions, such as the following:

My Type nmyVar i abl e;

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

t ypedef struct

{
short short Fi el d;

| ong | ongFi el d;
} MyStruct Type;

MySt ruct Type myStruct,;

nyStruct.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 a
struct named nmy St r uct.

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 nmyShort = 20;
| ong nmyLong = 10;
| ong resul t;

result = nyLong + nyShort;
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In this code, the + operator joins a short (2 bytes) and a| ong (4
bytes). Since the | ong is larger than the shor t, the short is con-
verted to a | ong before the addition is performed, producing a

| ong as a result.

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

If an operator’s operands are built-in C data types (one of char,
short, int, long, unsigned, unsigned |ong, float,
doubl e, orl ong doubl e), the following rules are used to guide
the automatic type conversion:

o First, if either of the operands is a char or a shor t, that
operand is converted to ani nt.

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

. Finally, the result of the operation is converted to the type of
the 1-value.

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

The rules change when the operands are pointer types instead of
built-in types. With one exception, pointer types need to match ex-
actly. 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, point-
ing to a block of data whose type may not be known at compile
time. In an expression where one of the two operands is avoi d
pointer, no typecasting is necessary. This means that the following
code will compile (even if it doesn’t do very much):
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voi d *voi dPtr;
short *shortPtr;

voidPtr = shortPtr;
shortPtr = voidPtr:

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 variable
data type to another. A typecast is a combination of types and * op-
erators embedded in parentheses that determine the order of cast-
ing. The following code casts ashort toal ong:

(1 ong) myShor 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 fl oat seri al Nunber = 523.5876;
const char nyNanme[] = “Dave Mark”;

Storage-Class Specifiers

The storage-class specifiers aut o, extern, static,
regi ster, and vol ati | e define the mechanism used to create
the associated variable. A variable marked as aut o has the same
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properties as a local, nonstatic variable. This means that space for
the variable 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 implementation allows for it.

Finally, vol ati | eis a little used qualifier that marks a variable as
modifiable from outside the program. vol at i | eis implementation
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
anormal variable definition to create a pointer variable, as in the fol-
lowing example:

| ong nmyLong;
| ong *myLongPtr;

These definitions create a | 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 = &nylLong;

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

myLong = *nmyLongPtr;
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As mentioned earlier, the - > operator can be used with a pointer to
astruct toaccess one of the st ruct’s fields. The * and. operators
can be used in the same way. The code

nmyStruct Ptr->nyFiel d

has the same effect as the following code:

(*nmyStructPtr). nyField

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, a shor t pointer by 2 bytes, and a | ong pointer by
4 bytes. This is precisely the amount of memory you want to incre-
ment 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 chars.
For example, the following code copies one character string to an-
other:

void CopyString( char *source, char *dest )

{

while ( *source !'= "\0" )
{

*dest = *source;

dest ++;

sour ce++;

}
*dest = ‘\0";:
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This example copies each byte of sour ce to the corresponding byte
in dest until sour ce€’s terminating null byte is encountered. The ++
operator is used to bump the pointers along the character strings.

Here’s a version of the preceding string-copying example 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 ++ oper-
ators inside the whi | e clause. Take a few minutes to analyze this
code. This method of copying a null-terminated string is so com-
mon (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 sin-
gle operand. Others require two or more operands. Some operators
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 op-
erators is binary (takes two operands). +, -, and * perform addi-
tion, subtraction, and multiplication, respectively. / performs
integer division, truncating its result to an integral value. %divides
its first operand by its second and returns the remainder.
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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:

| eft Si de += rightSide;

This expression is equivalent to the following statement:

leftSide = | eftSide + rightSide;

The augmented assignment operators are +=, -=, *=, [=, %,
>>=, <<=, &=, | =, and”"=. Each of these operators follows the

pattern just described. The operator portions of the augmented as-

signment operators are described individually throughout this sec-
tion.

Bitwise Logical Operators

The bitwise logical operators are &, |, *, <<, >> and~.~isa
unary operator (takes a single operand). The remainder of the bit-
wise logical operators are binary. ~ produces a one’s complement of
its operand. & performs a bitwise AND, | a bitwise OR, and " a bit-
wise 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 num-
ber 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:
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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 setto 1 or to change a bit (or bits) to 0. Consider these two vari-
ables:

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

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

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

if ( (nyByte & highBitlsOne) ==
hi ghBi t | sOne )

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 myByt e to O:

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

The Conditional Operator

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

expressionl ? expression2 : expression3
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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 incre-
ment 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 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 nota-
tion) or immediately after the operand (postfix notation). In prefix
notation, the increment or decrement operation is performed before
the enclosing expression is evaluated. In postfix notation, the incre-
ment or decrement operation is performed after the enclosing ex-
pression is evaluated.

Logical Operators

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

1A A&&EB AlB

True |[True |False | True | True
True | False | False | False | True
False | True |[True | False | True
False | False | True | False | False

Figure 3.2 Logic table for the &&, ||, and! operators.
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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. >= re-
turns 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. == re-
turns t r ue if the two operands are equal. ! = returnst r ue if the two
operands are not equal.

The Comma Operator

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

increments the variablesi 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 () re-
turns the number of bytes allocated for that variable. If the parame-
ter 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 ex-
pression

6+3*5
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the order in which the two operators are evaluated has a definite ef-
fect 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 prece-
dence, 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.

Figure 3.3

Operators
{(High to Low Precedence] Orcder
> Left to right
Typecast, *, &, unary + and -, !, ~, ++, --, sizeof | Right to left
Arithmetic *, /, % Left to right
Arithmetic + and - Left to right
<<, >> Left to right
> >z, <, <=, 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
=, +=, =, *=, [=, Y%=, >>=, <<=, &=, |5, M= nght to left
, Left to right

C operators listed in high to low precedence.
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Figure 3.4

Functions

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.

ANSI1 C Keywornds

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

C statement keywords.

C statements can be grouped into individual functions. Every pro-
gram contains at least one function, mai n(). mai n() is automati-
cally 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 number of parameters
embedded in the second argument, ar gv. ar gv is an array of pa-
rameters.

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 ab-
sence 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 )
{
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Typically, functions are declared at the top of the program file (or in
a header file) by using function prototypes. Function prototypes
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 (. . . ) indi-
cates that a variable number of arguments may be passed to the
function. For example, consider the following function declaration:

void MFunc( short atlLeastOne, ... );

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

The classic example of ellipsis use is in the declaration of pri nt f ():

I nt 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.

Preprocessor Directives

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
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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 netakes two parameters and asks the pre-pro-
cessor to substitute the second parameter for the first throughout
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 ypedefs,
#def i nes, function prototypes, and other useful nonexecutable
statements.

Other preprocessor directives include #el i f, #el se, #endif,
#error, #if, #ifdef, #ifndef, #line, #pragm, and
#undef.

The character combinations/ * and */ have a special meaning in C.
/ * marks the beginning and */ marks the end of a source code com-
ment. When the compiler encounters these characters in your code,

it will ignore all characters in the comment, including/ * and */ .

C comments cannot be nested. This means that you can’t put a com-
ment 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 the second edition of The C Pro-
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gramming 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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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++.

Getting C Code to Run under C++

Think of C++ as a superset of C. For the most part, every single fea-
ture 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 advantage of the com-
mand-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 programs
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 declaration,
your program will compile.
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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 func-
tion without a return type. If no return type is present, the function
is assumed to have a return type of i nt.

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 a voi 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++:

voi d *voi dPtr;
shor t *shortPtr;

voi dPtr = shorthPtr; /[ *<-- This line is just
fine...*/
shortPtr = voi dPtr; [*<-- This lineis fine in

C, but WLL NOT conpile in C+*/
(short *)voidPtr; /[/*<-- This works in
C++ */

short Ptr

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 ];
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I nt mai n()

{

| ong si ze;

struct dunmmy

{
char nyArray[ 64 ];

1
size = sizeof ( dumy );

return O

In C, size 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 st r uct 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 enumeration:

enum col or { red, green, blue };

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

Here’s another example:

i nt mai n()

{

struct s

{
enum { good, bad, ugly } clint;
b
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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 con-
stant is granted the same scope as a local variable, even if it is em-
bedded in a st r uct definition. When the compiler hits the shor t
declaration, it complains that it already has a good identifier de-
clared at that level.

In C++, this code compiles cleanly. Why? C++ enumeration con-
stants embedded in a st r uct definition have the same scope as that
st ruct’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 gMydobal; [/* Cool in C, error in Ct+ */

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

Definition 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 nane[ 20 ];
t ypedef int nmyType;
const short kMaxNaneLength = 20;
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extern char alLetter;
short MyFunc( short nyParam);

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

const short kMaxNaneLength = 20;

the constant kiMaxNanmelLengt his also defined and initialized.

New Features of C++

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.

The /| Comment Marker

C’s comment block markers, / * and */, perform the same function
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:

I nt mai n()

{
short numauppi es; /1 May increase suddenl|y!!

return O;

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

I nt mai n()

{
[* Just a comment. ..
[ */
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:

i nt mai n()
{
/1 Don’t start a /* comrent bl ock
inside a single-line comment. ..
This code WLL NOT conpilel!!l */

return O;

}

The compiler will definitely complain about this example!

Handling Input and Output

In a standard C program, input and output are usually handled by
Standard Library routines such as scanf () and pri nt f (). While
you can call scanf () and pri nt f () from within your C++ pro-
gram, there is an elegant alternative. The i ost r eam facility allows
you to send a sequence of variables and constants to an output
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stream, just as pri nt f () does. Also,i ost r eammakes it easy to
convert data from an input stream into a sequence of variables, just
as scanf () does.

Though the i ost r eamfeatures presented in this section may
seem simplistic, don’t be fooled. i ost r eamis actually quite so-
phisticated. In fact, i ost r eamis far more powerful than C’s stan-
dard 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 chap-
ters. Later in the book, we’ll explore i ost r eamin more depth.

| ost r eampredefines three streams for input and output. ci nis
used for input, cout for normal output, and cerr for error output.
The << operator is used to send data to a stream. The >> operator is
used to retrieve data from a stream.

The << operator is known as the insertion operator because it al-
lows you to insert data into a stream. The >> operator is known as
the extraction operator because it allows you to extract data from
a stream.

Here’s an example of the << operator:

#i ncl ude <i ostream h>
I nt mai n()
{

cout << “Hello, world!”;

return O;

This program sends the text string “ Hel | o, wor | d! ” to the con-
sole, just as if you'd used pri nt f (). The include file
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<i ost r eam h>contains all of the definitions needed to use

| ost r eamSince << is a binary operator, it requires two operands.
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 opera-
tors). Don’t worry about confusion, however. The C++ compiler
uses the operator’s context to determine which meaning is appro-
priate.

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

#i ncl ude <i ostream h>

I nt mai n()

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

}

This program produces the following output:

The value of i is 20

i ost r eamknows all about C++'s built-in data types. This means
that text strings are printed as text strings, shor ts as shor ts, and
fl oatsasfl oats, complete with decimal point. No special format-
ting is necessary.
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Figure 4.1

An iostream Output Example

Here’s an interesting example of i ost r eamand output. To start up
CodeWarrior, go to the Start menu, and select Programs. From the
Programs menu, select CodeWarrior, and then select CW IDE. After
the IDE opens, you can open a project by selecting Open from the
File menu. Go into the directory called Learn C++ Proj ects.
The Learn C++ Proj ects directory isin the Lear n C++ under
W ndows directory, which is in the CodeWarri or Books direc-
tory. Next, go into the subdirectory named 04. 01 - cout, and
open the project file named cout . cwp.

At this point, the cout . cwp project window will appear, as shown
in Figure 4.1. Each of the names in the project window represents a
separate file. cout . cpis the file containing the C++ source code.
The other files are libraries containing various support routines.
You'll see these libraries in all of your projects.

! pg cout.cwp M=] E3
E File | Code| Datal *
- & SOUrce 1] 1] = :|
¥ coutcp 0 0 * [\
=" WS BNSITibraries i i =
w Mwcrtllib 1] 1] o]
¥  AnsicxB6lib ] ] 3]
w ANSICPPX86.LIB 1] 1] ®
= & aystern Libraries ] ] =
« User32.lib 1] 1] ®=
¢ HKernel32.lib ] ] 3]
w Gdi32lib 1] 1] s
7 file(s) i i 4

Project window for cout . cwp.

If you double-click on the name cout . cpin the project window, a
new window will appear, containing the cout source code, as fol-
lows:

#i ncl ude <i ostream h>

I nt mai n()

{
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char *nane = “Dr. Crusher”

cout << “char: “ << npame[ 0] << ‘\n’

<< “short: “ << (short)(nanme[ 0 ]) << “\n’
<< "string: “ << npame << ‘\n’

<< “address: * << (unsigned |ong)nane;
return O;

}

Running cout.cwp

Select Run from the Project menu. CodeWarrior will compile your
source code, then run the compiled program. When the console
window appears, compare your output with that shown in Figure
4.2. Remember, when you run the program, the output will be dis-
played in a DOS console window that appears for only a moment.
To make the window remain open, append the line

getchar();

to the end of your program.

":::. cout

68
: Dr. Crusher
: 4354128

Figure 4.2 CodeWarrior’'s console window, showing the cout output.
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Let’s take a closer look at the code.

The cout Source Code

The program starts by initializing the char pointer name, pointing it
to the text string “ Dr.  Cr usher ”. Next comes one giant statement
featuring eleven different occurrences of the << operator. This state-
ment produces four lines of output.

The following line of code

cout << “char: “ << name[ 0] <<\’

produces this line of output:

char: D

As you’'d expect, printing name[ 0 ] produces the first character in
name, 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

This result was achieved by casting the character* D' toashort.In
general, i ost r eam displays integral types (such as short and

i nt) as an integer. As you'd expect, a f | oat is displayed in float-
ing-point format.

The next line of code

<< “string: “ << pame << ‘\n’
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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 dis-
play the contents of a pointer:

<< “address: " << (unsigned |ong)nane;

Again, namne 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.

According to the ARM (The Annotated C++ Reference Manual)
mai n()’stype is implementation dependent. Traditionally, mai n()
is declared to return ani nt. If mai n() doesn’t return a value, the
compiler assumes its type to be voi d. Consider this code:
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mai n()
{
}

Different compilers deal with this code in different ways. Some, like
CodeWarrior, accept it. Others print a warning message, telling

you that a return value from mai n() was expected.

All of the programs in this book declare mai n() to return ani 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 0st r eamby reading
data in as well as printing it out. Close cout . cwpby selecting Close
from CodeWarrior’s File menu. To open a new project file, select
Open from the File menu. Go back to the Learn C++ Projects
directory, open the subdirectory named 04.02 - ci n, and open
the project file named ci n. cwp.

Running cin.cwp

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: ashort,al ong,and afl 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 4.3).
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Figure 4.3

Warning

Type in your first name: Dave
Short, long,. float: 2

123456

3.14

Your name is: Dave
myShort:- 2

myLong: 123456
myFloat:- 3_14808

CodeWarrior’s console window, showing the ci n. cwp output.

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 nis pretty picky about the format of its input data.

The cin Source Code

As is always the case when you use i 0st r eam the program starts
by including the file <i ost r eam h> Next, the constant
kMaxNameLengt h is defined, providing a length for the char
array name:

#i ncl ude <i ostream h>

const short kMaxNanmeLengt h = 40;
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I nt mai n()

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 pro-
grammers tend to use #def i ne instead of const, C++ program-
mers prefer const to #def i ne.

Ci nuses cout and << to prompt for a text string, ashort, al ong,
and a f | oat. ci nand >> are used to read the values into the four
variables nanme, myShort, myLong, and nyFl oat:

char nanme[ kMaxNaneLength ];
short nyShort;

| ong myLong;
fl oat nyFl oat;

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

cout << “Type in your first nanme: “;

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 statement.
First, display the prompt
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cout << “Short, long, float: “;

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

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

Warning 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 nane is: << nane;
cout << “\nnmyShort: “ << nyShort;
cout << “\nnyLong: * << nylLong;
cout << “\nnyFloat: “ << nyFl oat;
return O

}

iostream 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 like get 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 thati ost r eamis awesome. The trouble is,
to unleash i ost r eants true power, you must first come up to speed
on object programming. The i ost r eamconcepts 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 ost r eam
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with an electron microscope. For now, basic input and output are all
we need.

Default Argument Initializers

C++ allows you to assign default values (known as default argu-
ment initializers) to a function’s arguments. For example, here’s a
routine designed to generate a tone at a specified frequency:

voi d GCenerateATone( short frequency = 440 )
{

}

/'l 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

Cener 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

Gener at eATone() ;

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

This technique works with multiple parameters as well, although
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 parame-
ters that follow it. For example, this declaration is cool:
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voi d Got SoneDef aul ts( short manny, short noe=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, be-
cause the first parameter specifies a default and the parameter that
follows does not:

void WII NotConpile( long time=100L, short
stack );

Default parameter values are specified in the function prototype
rather than in the function’s implementation. For example, here’s a
function prototype, followed by the function itself:

void MFunc( short paranl = 27 );

void MFunc( short paranl )
{

}

/1 Body of the function...

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

voi d MyFunc( short paraml = 27 );
/'l MySourceFile.cp
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A Default Argument Initializer Example

Let’s take default argument initializers out for a quick spin. Close
ci n. cwp, then select Open from the File menu. Go back to the
Learn C++ Projects directory, open the subdirectory named
04.03 - protoTester, and open the project file named

prot oTest er. cwa Next, run pr ot oTest er. cwp by selecting
Run from the Project menu. Here’s what you'll see:

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

Let’s take a look at the source code.

The protoTester Source Code

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

#i ncl ude <i ostream h>

void MFunc( short parant,
short paran2 = O,
short paranB 0);

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

mai n() calls MyFunc() 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
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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 );

produces this line of output:

MyFunc( 1, 2, 0)

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

MyFunc( 1, 2, 3);

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

In this last case, the three values passed in override all of the param-
eter defaults.

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

void MFunc( short parant,
short parang,
short paranB )

{
cout << “MyFunc( “ << paranl
<< “, % << parant
<< *, % << paran8
<< “ )\n”;
}

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

Reference Variables

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.

Here’s an example:

voi d Doubl eMyVal ue( short val ueParam))

{
}

val ueParam *= 2;

i nt mai n()
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{
short nunber = 10;

Doubl eMyVal ue( nunber );

return O;

}

mai n() sets nunber 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 )

{
*numberPtr *= 2;

}

i nt mai n()

{
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() returns,
nunber will have a value of 20.
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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:

voi d Doubl eMyVal ue( short &referenceParam)

{

r ef erenceParam *= 2;

}

i nt mai n()

{ short nunber = 10;
Doubl eMyVal ue( nunber );
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 that referenceParam and its corresponding input parame-
ter, nunber, are one and the same. Since both names refer to the
same location in memory, changing the value of r ef er encePar am
is exactly the same as changing nunber.

Some people declare their reference variables and parameters like
this:

short &r ef er encePar am
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placing the & next to the variable, some like this:

short & referenceParam

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

pr ot oTest er. cwp, then select Open from the File menu. Go back
to the Learn C++ Proj ects directory, open the subdirectory
named 04.04 - reference, and open the project file named
ref erence. cwp. Next, runr ef erence. cwp by selecting Run
from the Project menu. Here’s what you'll see:

&nunber : 5306630
&l ongNunber: 5306632

&val ueParam 5306602
After ByVal ue: 12

&r ef Par am 5306630
After ByRef( short ): 24

&r ef Param 5306628
After ByRef( long ): 12
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The seven-digit numbers shown in this example are addresses.
Unless you snuck in here and have been using my PC, your ad-
dresses will probably be different.

Let's take a look at the source code.

The reference Source Code

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

#i ncl ude <i ostream h>

void CallByVal ue( short val ueParam);
void CallByReference( short & efParam),;

Notice that Cal | ByVal ue() takes a short as a 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 a | ong, ini-
tializing each to a value of 12:

I nt mai n()
{
short nunber = 12;
| ong | ongNunber = 12L;

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

cout << “&nunber: ‘o<
(unsi gned | ong) &unber << “\n”;

Learn C++ under Windows 95/NT 63



Introducing C++

Reference Variables

By the Way

cout << “& ongNunber: “ <<
(unsi gned | ong) & ongNunber << “\n\n”;

You may have noticed that r ef er ence prints its addresses in dec-
imal, 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 to un-
si gned | ongs.

Next, number 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 number is printed again. As you can see by the
output, the value stays at 12:

cout << “After ByValue: “ << nunber << “\n\n”;

Then, number is passed to Cal | ByRef er ence():

Cal | ByRef erence( number );

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 number is printed for a third time, its value doubles to 24:
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cout << “After ByRef( short ): “ << nunber <<
“\'n\n”;

Finally, a| 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. Refer-
ence 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 vari-
able and not to the matching parameter in the calling function.

In this case, the value of the | ong is passed on to

Cal | ByRef er ence( ). As proof, compare the address of

| ongNunber, which is 5306632 with the parameter address
printed out by Cal | ByRef er ence( ), which is 5306628. 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 a short reference variable. Since
the types don’t agree, the compiler prints a warning and then cre-
ates a temporary variable.

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

Learn C++ under Windows 95/NT 65



Introducing C++

Reference Variables

Detail

cout << “After ByRef( long ): *
<< | ongNunber << “\n”;

return O;

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

short r omul us;
shor t & emus = ronul us;

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

Now that r enmus and r onul us are linked, they share the same lo-
cation 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 romul us;
short &renus; /1 W1l not conpilel!l

remus = romnul us;

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

short romul us;
| ong & emus = ronmulus; // Type m smatch!!!
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In addition, once established, the link between a reference and a
regular variable cannot be changed as long as the reference re-
mains in scope. In other words, once r enus is linked to r onmul us,
it cannot be set to reference a different variable.

Function Name Overloading

The next feature up for discussion, function name overloading, al-
lows 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, shor t, or a text string. You could write
one function that takes four parameters:

Di spl ay( 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”;
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 print-
ing shor ts, one for | ongs, and one for text strings:

void DisplayLong( |ong | ongParam);
void DisplayShort( short shortParam);
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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 ben-
efits 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 over-
loaded function is called, the compiler compares the parameters in
the call with the parameter lists in each of the candidate functions.
The candidate with the most closely matching parameter list is the
one that gets called.

A function’s parameter list is also known as its signature. A func-
tion’s name and signature combine to distinguish it from all other

functions. Note that a function’s return type is not part of its signa-
ture.

A Function Name Overloading Example

Earlier, we looked at two solutions to our multitype printing prob-
lem. As promised, here’s a third solution that takes advantage of
function name overloading. Close r ef er ence. cwp, then select
Open from the File menu. Go back to the Learn C++ Proj ects
directory, then into the subdirectory named 04. 05 - overl oad
and open the project file named over | oad. cwp. Next, run

over| oad. cwp by selecting Run from the Project menu. Here’s
what you'll see:

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

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( |ong | ongParam);
void Display( char *text );

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

mai n() starts by defining three variables: ashort, al ongand a
text string.

i nt mai n()
{
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 deciding which func-
tion to call:

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

Di splay( nyLong );
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 D splay( short shortParam)

{
cout << “The short is: “ << shortParam << “\n”;
}
void Display( |ong | ongParam)
{
cout << “The long is: “ << longParam << “\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 be-
cause each of the calls matched perfectly with one of the

Di spl ay() functions. What do you think would happen if you
passed af | oat to Di spl ay()?
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Display( 1.0 );

When the compiler can’t find an exact match for an overloaded
function call, it turns to a set of rules that determine the 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 de-
scribed in Chapter 3. For example, achar or ashort would be pro-
moted to ani nt and af | oat would be promoted to a doubl e.

If a match is still not found, the compiler starts promoting non-inte-
gral types. Finally, the ellipsis operator in a called function is taken
into account, matching against zero or more parameters.

In answer to our earlier question, passing a f | 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 afl oat or a doubl ein
its signature, the compiler would find the match.

The new and delete Operators

In C, memory allocation typically involves a call to mal | oc()
paired with a call to f r ee() when the memory is no longer needed.
In C++, the same functionality is provided by the operators newand
del ete.

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

char *buffer;

buffer = new char[ 1024 ];
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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;

Detail 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:

i nt nylntPtr;
nmylntPtr = new int;

delete nylntPtr;

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

struct Wbbl e

{
short papaWbbl e;

short mamaWbbl e;

| ong littl eBabyWbbl e;
P
short *shortPtr;
| ong doubl e *1 ongDoubl ePtr;
Wbbbl e *wobbl ePt r;

shortPtr = new short;
| ongDoubl ePtr = new | ong doubl e;
wobbl ePtr = new Wobbl e;
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Here’s an example of a bad use of new guaranteed to bring the com-
piler to its knees:

shor t *shortPtr;

shortPtr = new 1024; // WII not conpilel!!

Though you can pass a constant to mal | oc(), a constant is not a
type and has no place in new

What to Do When new Fails

Every program that allocates memory runs the risk that its request
for memory will fall on deaf ears, most likely because there’s no

more memory left to allocate. If your program uses newto allocate
memory, it had better detect, and handle, any failure on news part.

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

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

if ( bufPtr == 0)

cout << “Not enough nenory!!!"”;
el se

DoSonet hi ng( bufPtr );

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
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Style

get larger and more sophisticated, you might want to consider a sec-
ond strategy.

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

Whether or not you designate a newhandler, newwill still return O
if it fails. This means you can design a two-tiered memory man-
agement strategy combining a newhandler and code that runs if
newreturns 0.

To specify a newhandler, pass the handler’s name to the function
set _new_handl er (). Touse set _new_handl er (), be sure to in-
clude the file <new. h>:

#i ncl ude <new. h>
void NewFailed( void );
int main()

{
set _new_handl er ( NewFail ed );

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 newfails, 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.
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A new Example

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

Close over | oad. cwp, then select Open from the File menu. Go to
the Learn C++ Proj ects directory, then into the subdirectory
named 04.06 - newTest er, and open the project file named
newTest er . cwp. Next, run newTest er. cwp by selecting Run
from the Project menu. Here’s what you'll see:

I nstalling NewHandl er. ..
Nunmber of bl ocks all ocated: 25

The number of blocks you can allocate before you run out of mem-
ory 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.

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 ost r eam 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 at-
tempt to allocate memory:

void Newrailed();
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newTest er makes use of two global variables. gDone acts as a flag,
initially set to f al se, but set to t 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;

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 newfinally fails:

I nt mai n()
{
char *nyPtr;
| ong nunBl ocks = O;

Next, we'll send an appropriate message to the console. This mes-
sage serves a subtle purpose. It causes i 0st r eamto allocate all the
memory it needs for the console window before the program con-
sumes all remaining free memory. This guarantees that our subse-
quent console output will appear.

cout << “Installing NewHandler...\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 ( NewFail ed );

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

gSpar eBl ockPtr = new char[ 20480];

Next, we enter an endless loop, allocating a 1-kilobyte block and in-
crementing numBl ocks:

while ( gbDone == fal se )
{
nmyPtr = 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 particularly good memory management
scheme, eh? Make sure you balance every use of newwith a cor-
responding del et e.

Once we've allocated all the available memory, newwill fail and
Newfai | ed() will be called. NewFai | ed() sets gDonetot 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: “ <<

numBl 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:
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if ( gSpareBl ockPtr !'= 0 )

{
del et e gSpareBl ockPtr;

gSpar eBl ockPtr = 0;
}

Finally, gDone is set to t r ue:

gbone = true;
}

The Scope Resolution Operator

The next feature we’ll examine is C++’s scope resolution operator
(:2). 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 ;

I nt mai n()

{

short nunber ;

nunber = 5; /1l 1ocal reference
c:nunber = 10; // gl obal reference

return O;

}

78 Learn C++ under Windows 95/NT



Introducing C++
The Scope Resolution Operator

Inside mai n(), the first assignment statement refers to the local def-
inition 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.

A Scope Resolution Operator Example

Our next sample program offers a quick demonstration of the scope
resolution operator. Close newTest er . cwp, then select Open from
the File menu. Go to the Learn C++ Proj ects directory, then
into the subdirectory named 04. 07 - scopeTest er, and open
the project file named scopeTest er. cwp. Next, run

scopeTest er. cwp 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

Let’s look at the source code.

The scopeTester Source Code

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

#i ncl ude <i ostream h>

short nyVval ue = 5;

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

int main()

{

short yourVal ue = nyVal ue;
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Then, your Val ueis printed out, showing it with a value of 5, the
same as the global myVal ue:

cout << “your Val ue: << your Val ue << “\n”;

Next, a local with the name nmyVal ueis defined and initialized with
a value of 10. When nyVal ueis copied to your Val ue, which vari-
able is copied, the local or the global?

short nyVval 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 << “yourValue: “ << yourValue << “\n”;

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

nmyVal 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 operator to a local vari-
able 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:
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. your Val ue = 20;

Since there is no global named your Val ue, the code will not com-
pile.

Inline Functions

OK. One final topic, then we’ll move on to object programming. Tra-
ditionally, when a function is called, the CPU executes a set of in-
structions 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 com-
piler copies the body of the function into the calling function, mak-
ing the copied instructions a part of the calling function as if it were
written that way originally. The benefit to you is a slight improve-
ment 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 re-
turns the value achieved when its first argument is raised to its sec-

ond argument’s power. As an example, the following call will return
the value 2° = 2*2*2*2*2 = 32:

power( 2, 5 );

Close scopeTest er . cwp, then select Open from the File menu.
Go to the Learn C++ Proj ects directory, then into the subdirec-
tory named 04.08 - inline, and open the project file named
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i nli ne.cwp. Next, runi nli ne. cwp 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

Let’s take a look at the source code.

The inline Source Code

i nl i nestarts with the standard include file, followed by a function
prototype that features the keywordi nl i ne:

#i ncl ude <i ostream h>

inline 1ong power( short base, short exponent );

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

i nt 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;
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By preceding power ()’s declaration by thei nl i nekeyword, 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 ef-
fects the object code and has no impact on the source code:

inline 1ong power( short base, short exponent )

{
| ong product = 1,

short i;

if ( exponent < 0 )
return( 0 );

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

return( product );

}

There are two clear benefits that arise from using inline code in-
stead of a #def i ne macro: type-safety and side-effects protec-
tion.

Consider this #def i ne macro:

#define square(a) (a) * (a) )

Compare that macro to this inline function:

inline int square( int a)

{

return( a * a);

The inline version restricts its parameter to an integral value while
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Summary
the #def i ne performs a simple-minded text substitution.
Now suppose you call squar e() with a prefix operator:
xSquar ed = 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
inline version doesn’t do this.
The upshot here is that both #def i nes and i nl i nes offer an in-
line performance advantage, but the i nl i ne does its job a little
more carefully.
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++ pro-
grams. Your next goal is to move on to Chapter 5 and explore the
world of object programming.
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Object
Programming Basics

Before we get into the main thrust of this chapter, let’s take a mo-
ment 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:

i nt nyl nt;

declares ani 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.

The Organizational Power of the Struct

One of the most valuable features shared by C and C++ is the struc-
ture. 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 kMaxNaneSi ze = 20;

struct Enpl oyee
{

char nane[ kMaxNaneSi ze ];
long id;
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fl oat sal ary;

b

The great advantage of this structure is that it lets you bundle sev-
eral pieces of information together under a single name. This con-
cept is known as encapsulation.

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

Enpl oyee newHi r e;

Pri nt Enpl oyee( newHi re. name, newHire.id,
newH 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 Enpl oyee newHire; /* 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.

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 st r uct
is the most sophisticated encapsulation mechanism available. As
you’ll soon see, C++ takes encapsulation to a new level.
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Encapsulating Data and Functions

While C structures are limited strictly to data, C++ supports struc-
tures 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 nenbers. ..
char enpl oyeeNane[ kMaxNaneSi ze ];
| ong enpl oyeel D
fl oat enpl oyeeSal ary;

/1 Menmber functions...
void PrintEnpl oyee();
i

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 oyee member functions.

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

Creating an Object

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:
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Definition

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 func-
tion:

voi d Cr eat eEnpl oyee()

{
Enpl oyee enpl oyeel,;

When the function is called, memory for the object is allocated, right
along with the function’s other local objects. When the function ex-
its, the object’'s memory is deallocated.

When the memory for an object is deallocated, the object is said to
be destroyed.

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. newreturns a pointer to the newly created object.
Here’s some code that creates an Enpl oyee object:
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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.

Accessing an Object’'s Members

Once you've created an object, you can modify its data members
and call its member functions. If you've defined the object directly,
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 - > opera-
tor:

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

enpl oyeePt r->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,;
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enpl oyeel. Pri nt Enpl oyee();

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

Enpl oyee *enpl oyeePtr;
enpl oyeePtr = new Enpl oyee;
enpl oyeePt r->Pri nt Enpl oyee();

The Current Object

In the previous examples, each reference to a data member or mem-
ber function started with an object or object pointer. Inside a mem-
ber function, however, the object or object pointer isn’t necessary 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:

i f ( enployeeSal ary <= 200 )
cout << “Gve this person a raise!!!”;

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

nmyQbj ect - >enpl oyeeSal ary

instead of just plain:

enpl oyeeSal ary
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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.

As you'll see later in the book, class members may be declared as
st at i 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 mem-
ber function is usually designed to work with a class’s static data
members.

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

enpl oyeePt r - >Pri nt Enpl oyee() ;

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

In the call of Pri 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 func-
tion. The object pointed to by enpl oyeePt r is still considered 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 member
function, that points to the current object. The generic pointer has
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the name “ t hi s”. For example, inside every Enpl oyee function,
the line:

t hi s- >enpl oyeeSal ary = 400;

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 an-
other function, or just store the address somewhere. This line of
code:

return this;

returns the address of the current object.

Deleting an Object

When you create an object using new you’ve got to take responsibil-
ity for destroying the object at the appropriate time. Just as a C pro-
grammer balances a call to mal | 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;
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As you’d expect, del et e destroys the specified object, freeing up
any memory allocated for the object. Note that this freed up mem-
ory 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.

Detail If del et eis used with a pointer having a value of 0, del et e does
nothing. If the pointer has any other value del et e will try to de-
stroy the specified object.

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 ordi-
nary functions, with a few small differences. One difference, pointed
out earlier, is that a member function has access to the data mem-
bers 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.
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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 construc-
tor function is C++’s built-in initialization mechanism.

The constructor function (or just plain constructor) is a member
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 ob-
ject, then immediately calls the object’s constructor. Once the con-
structor returns, the address of the new object is assigned to

enpl oyeePtr.

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 oyeest r uct declaration with the constructor dec-
laration added in:

const short kMaxNaneSi ze = 20;

struct Enpl oyee

{
/1 Dat a nmenbers. ..

char enpl oyeeNane[ kMaxNaneSi ze |;
| ong enpl oyeel D
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fl oat enpl oyeeSal ary;

/1 Menber functions...

Enpl oyee();
void PrintEnpl oyee();

b

Notice that the constructor is declared without a return value. Con-
structors 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 initialization to per-
form, don’t define one.

Adding Parameters to Your Constructor

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

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

{
strncpy( enpl oyeeNane, nane, kMaxNaneSize );

Learn C++ under Windows 95/NT 95



Object Programming Basics
Writing Member Functions

Detail

enpl oyeeNane[ kMaxNaneSize - 1] = ‘\0;

enpl oyeel D = i d;
enpl oyeeSal ary = sal ary;

}

The constructor copies the three parameter values into the corre-
sponding data members.

Notice that st r ncpy() was used, ensuring that the copy will work,
even if the source string was not properly terminated. A null termi-
nator is provided at the end of the string for just such an emer-
gency.

The object that was just created is always the constructor’s current

object. In other words, when the constructor refers to an Enpl oyee
data member, such asenpl oyeeNane or enpl oyeeSal ary, itis

referring to the copy of that data member in the newly created ob-

ject.

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

enpl oyeePtr = new Enpl oyee( “Dave Mark”, 1000,
200.0 );

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 oyeelby
calling the Enpl oyee constructor, passing it the three specified pa-
rameters.
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Just for completeness, here’s the class declaration again, showing
the new constructor:

struct Enpl oyee

{
Il Dat a nenbers. ..
char enpl oyeeNane[ kMaxNaneSi ze ];
| ong enpl oyeel D
fl oat enpl oyeeSal ary;
Il Menber functions...
Enpl oyee( char *nane, |ong id,
float salary );
void PrintEnpl oyee();
b

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 additional 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 has no return value and no parame-
ters.

Here’s a sample destructor:

Enpl oyee: : ~Enpl oyee()
{
cout << “Del eting enployee #' << enployeel D <<
H\ n” ;
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Technically, the name of the Enpl oyee constructor is
Enpl oyee: : Enpl oyee( ) and the name of its destructor 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 be-
fore 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 variable, its con-
structor will be called at the beginning of the program and its de-
structor 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 con-
structor and destructor:

cl ass Enpl oyee

{

Il Dat a nenbers. ..
char enpl oyeeName[ kMaxNanmeSi ze ];
| ong enpl oyeel D
fl oat enpl oyeeSal ary;

/1 Menmber functions. ..

Enpl oyee( char *nane, long id,

98 Learn C++ under Windows 95/NT



Object Programming Basics
Access Privileges

float salary );

~Enpl oyee();
void PrintEnpl oyee();

b

Access Privileges

When you declare a class, you need to decide which data members
and functions you’d like to make available to the rest of your pro-
gram. 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 se-
lect few.

For example, consider the Enpl oyee class we’ve been working with
throughout the chapter. In the current model, an Enpl oye€’s name
is stored in a single array of chars. Suppose you wrote some code
that created a new Enpl oyeg, specifying the nanme, id, and

sal ary, then later in your program you decided to modify the
Enpl oye€’s nane, perhaps adding a middle name provided while
your program was running.

With the current design, you could access and modify the

Enpl oye€’s enpl oyeeNanme 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 imple-
mentation of enpl oyeeNane. For example, you might decide 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 sin-
gle 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

Learn C++ under Windows 95/NT 99



Object Programming Basics

Access Privileges

By the Way

way, when you change the implementation, all you have to do is
make whatever changes are necessary to the class’s interface, with-
out having to modify the rest of your program.

The mechanism C++ provides to control access to your class’s im-
plementation 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 mem-
ber or function. The access specifier must be publ i ¢, private, or
pr ot ect ed.

If a data member or function is marked as pri vat €, 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 af ri end
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 pr ot ect ed. The pr ot ect ed ac-
cess code offers the same protection as pri vat e, with one excep-
tion. A pr ot ect ed data member or function can also be accessed
by a class derived from the current class. Since we won'’t get to de-
rived 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 de-
clared using the st r uct keyword are all publ i c. By adding the
pri vat 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. ..
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private:
char enpl oyeeNane[ kMaxNaneSi ze |;
| ong enpl oyeel D
fl oat enpl oyeeSal ary;

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

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 mem-
bers 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 r uct key-
word. You can also create classes, using the exact same syntax, sub-
stituting the keyword cl ass for st r uct . The only difference is, the
members of a st r uct are all publ i ¢ by default and the members of
acl ass are all private by def aul t .

Why use cl ass instead of st r uct ? If you start with ast r uct, you
give the world complete access to your class members unless you
intentionally limit access using the appropriate access specifiers. 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.

Learn C++ under Windows 95/NT 101



Object Programming Basics
Bringing It All Together

For the remainder of this book, we’ll use the cl ass keyword to de-
clare our classes. Here’s the new version of the Enpl oyee class:

cl ass Enpl oyee

{
Il Dat a nenbers. ..
private:
char enpl oyeeNane[ kMaxNaneSi ze ];
| ong enpl oyeel D
fl oat enpl oyeeSal ary;
Il Menmber functions...
public:
Enpl oyee( char *nane, |ong id,
float salary );
~Enpl oyee();
void PrintEnpl oyee();
1

Notice that the pri vat e access specifier is still in place. Since the
members of a ¢l 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 necessary,
however, to give the rest of the program access to the Enpl oyee
member functions.

Bringing It All Together

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

An Object Programming Example

If CodeWarrior is already running, close the current project by se-
lecting Close from the File menu. If CodeWarrior isn’t running,
launch it by selecting Programs from the Start menu, then selecting
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CodeWarrior from the Programs menu, then selecting CW IDE. Ei-
ther way, next select Open from the File menu. Go into the Lear n
C++ Proj ects directory, open the subdirectory named 05. 01 -
enpl oyee, and open the project file named enpl oyee. cwp.
Next, run enpl oyee. cwp by selecting Run from the Project menu.
Here’s what you'll see:

Creating enpl oyee #1
Creating enpl oyee #2
Nane: Dave Mark

| D 1

Sal ary: 200

Nane: St eve Baker

| D 2

Sal ary: 300

Destroyi ng enpl oyee #2
Dest royi ng enpl oyee #1

Let’s take a look at the source code.

The employee Source Code

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

In addition to the standard include file <i ost r eam h> you'll no-
tice 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>
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The const kMaxNaneSi zeand the Enpl oyee class declaration 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 kMaxNanmeSi ze = 20;

cl ass Enpl oyee

{
Il Dat a nenbers. ..
private:
char enpl oyeeNane[ kMaxNaneSi ze ];
| ong enpl oyeel D
fl oat enpl oyeeSal ary;
11 Menmber functions...
public:
Enpl oyee( char *nane, |ong id,
float salary );
~Enpl oyee();
void PrintEnployee();
1

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

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

{

To avoid a possible nonterminated string in the nane parameter,
we'll use st rncpy() to copy all the bytes from nane into
enpl oyeeNane st rncpy() copies kNameSi ze characters from
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name to enpl oyeeNane If the name string is less than kNaneSi ze
characters long, st r ncpy() will also copy over the null terminator.

strncpy( enpl oyeeNane, nane, kMaxNaneSize );

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

enpl oyeeNane[ kMaxNanmeSize - 1] = ‘\0";

Finally, we’ll copy the remaining two parameters into their respec-
tive data members.

enpl oyeel D = i d;
enpl oyeeSal ary = sal ary;

Once the data members are initialized, the constructor sends a mes-
sage to the console, telling us which Enpl oyee object was just cre-
ated.

cout << “Creating enployee #' << enployeel D <<
H\ 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 enployee #' << enployeel D <<
H\ n” ;
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Pri nt Enpl oyee() displays the contents of the three data members
of the current object:

voi d Enpl oyee: : Pri nt Enpl oyee()

{
cout << “----\n";
cout << “Nane: “ << enpl oyeeNane << “\n”;
cout << “ID: “ << enpl oyeel D << “\n”;

cout << “Sal ary:
cout << “----\n";

<< enpl oyeeSal ary << “\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:

i nt mai n()

{
Enpl oyee enpl oyeel( “Dave Mark”, 1, 200.0 );

As the Enpl oyee constructor is called, it displays the following line
on the console:

Creating enpl oyee #1

Next, an Enpl oyee object pointer is defined:

Enpl oyee* enpl oyee2;

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

Once again, the Enpl oyee constructor is called, sending another
line to the console:

Creating enpl oyee #2

Now, both objects are used to call the Pri nt Enpl oyee() member
function. enpl oyeelis an object and uses the . operator to access
its member function. Since enpl oyee2is a pointer and uses the - >
operator to access the Pri nt Enpl oyee( ) function:

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

These two calls result in the following output:

Nane: Dave Mar k

| D 1

Sal ary: 200

Name: St eve Baker
| D 2

Sal ary: 300

Next, the object pointed to by enpl oyee2is deleted:
del et e enpl oyee?2;

return O;
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This causes enpl oyeeZ2's destructor to be called, resulting in this
line of output:

Dest royi 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 deallo-
cated, its destructor was called, resulting in a final line of output
being sent to the console:

Destroyi ng enpl oyee #1

Notice that enpl 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 Pr i nt Enpl oyee() directly, the
constructor 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 et e enpl oyeel;

This line of code does not contain a function call. It does not con-
tain code that prints information to the console. Even so, a function
call was made (the destructor 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.
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Stuff happens automatically. You delete 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.

In our last program, the Enpl oyee class marked its data members
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 oyeeclass’s enpl oyeeSal ary data member. Since

enpl oyeeSal ary is marked aspri 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 ar y() ) the value of

enpl oyeeSal ary.

Sometimes this strategy just doesn’t cut it. For example, suppose
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
Enpl oye€’s salary. But if you create a publ i ¢

Get Enpl oyeeSal ar y() member function (or mark

enpl oyeeSal ary as publ i ¢) 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 r i end mecha-
nism. C++ allows you to designate a class or a single member func-
tion as a f ri end to a specific class. In the previous example, we
could designate the Payr ol | classasafri endto the Enpl oyee
class:

cl ass Enpl oyee

{
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friend class Payroll;

Il Dat a nenbers. ..
private:
char enpl oyeeNane[ kMaxNaneSi ze |;
| ong enpl oyeel D
fl oat enpl oyeeSal ary;

Il Menmber functions...
public:
Enpl oyee( char *nane, long id,
float salary );
~Enpl oyee();
void PrintEnpl oyee();
1

cl ass Payrol |

{

/1 Dat a nenbers. ..
private:

Il Menber functions...
public:
Payrol | ();
~Payrol | ();
void PrintCheck( Enployee *payee );
b

The f r i end statement (see the first line of the Enpl oyee class dec-
laration) is always placed in the class whose data members and
functions are being shared. In this case, the Enpl oyee class is will-
ing to share its pri vat e data members and functions with its new
fri end, the Payr ol | class. Once the Payr ol | class hasfri endac-
cess to the Enpl oyee class, it can access pri vat e data members
and functions like enpl oyeeSal ary.
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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 af ri endto a second class. You
can also designate a specific class function asa f ri endto a class.
For example, the Payr ol | class we just declared contains a function
named Pri nt Check( ). We might want to designate the

Pri nt Check() function as af ri end of the Enpl oyee class, rather
than the entire Payr ol | class.

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

Il Dat a nenbers. ..
private:
char enpl oyeeNane[ kMaxNaneSi ze |;
| ong enpl oyeel D
fl oat enpl oyeeSal ary;

Il Menber functions...
publi c:
Enpl oyee( char *nane, |ong id,
float salary );
~Enpl oyee();
void PrintEnployee();

H

This time, the f r i end definition specified the Payr ol | member
function Payr ol | : : Pri nt Check( ) instead of the entire Payr ol |
class. Since the f 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 af ri end. For ex-
ample, you could designate mai n() asafri endto the Enpl oyee
class:
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cl ass Enpl oyee

{

friend i ntmain();

Il Dat a nenbers. ..
private:
char enpl oyeeNane[ kMaxNaneSi ze ];
| ong enpl oyeel D
fl oat enpl oyeeSal ary;

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

This arrangement gives mai n() access to all Enpl oyee data mem-
bers and functions, even those marked as pri vat e. Just because
mai n() isafri enddoesn’t give any special privileges to any other
functions, however. Choose yourf r i ends carefully!

A Friendly Example

Our next example combines the Enpl oyee class created earlier with
the Payr ol | class described in this section. Close the current project
by selecting Close from the File menu. Next, select Open from the
File menu, go up to the Learn C++ Proj ect s directory, open the
subdirectory named 05. 02 - fri ends, and open the project file
named fri ends. cwp. Next, runfri ends. cwp by selecting Run
from the Project menu. Here’s what you'll see:

Creating payroll object
Creating enpl oyee #1000

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

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

Destroyi ng enpl oyee #1000
Destroyi ng payroll object

Let’s take a look at the source code.

The friends Source Code

fri ends. cpstarts 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 kMaxNanmeSi ze = 20;

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

cl ass Enpl oyee;

Next comes the declaration of the Payr ol | class:

LR R Payr ol |

cl ass Payroll

{

/1 Dat a menbers. ..
private:

/1 Menmber functions...
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publi c:
Payrol |l ();
~Payrol | ();
void PrintCheck( Enployee *payee );
1

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() function as a
friend

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 Payr ol | : :

Pri nt Check() refers to the Enpl oyee data member

enpl oyeeSal ar y which hasn’t been declared yet.

R L Enpl oyee
cl ass Enpl oyee
{
friend void Payroll::PrintCheck( Enployee
*payee );
Il Dat a nenbers. ..
private:
char enpl oyeeNane[ kMaxNaneSi ze |;
| ong enpl oyeel D
fl oat enpl oyeeSal ary;
Il Menmber functions. ..
publi c:
Enpl oyee( char *nane, long id,
float salary );
~Enpl oyee() ;
void PrintEnployee();
1
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Detalil

Take a look at the f ri end declaration inside the Enpl oyee class
declaration. Notice that we’ve opted to make Payrol | : :

Pri nt Check() afri endof the Enpl oyee class. Now,

Pri nt Check() is the only Payr ol | function with access to the
private Enpl oyeedata members.

Interestingly, if you leave Pri nt Check()’s parameter out of the

f ri end statement, the code won’t compile. Since you can have
more than one function with the same name (Remember over-
loaded functions from Chapter 47?), if the parameter is left out, the
compiler tries to match the f r i 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 de-
structor print messages letting you know they were called, while
Pri nt Check() prints up a simulated check using the private
Enpl oyee data members enpl oyeeSal ar yand enpl oyeeNane.

R LR Payrol | Menber Functions

Payrol | :: Payroll ()

{
cout << “Creating payroll object\n”;
}
Payrol | ::~Payroll ()
{
cout << “Destroying payroll object\n”;
}

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

The Enpl oyee member functions are the same as they were in
Enpl oyee. cp

I LT Enpl oyee Menber Functi ons
Enpl oyee: : Enpl oyee( char *nane, long id,
float salary )
{ strncpy( enpl oyeeNane, nane, kMaxNaneSize );
enpl oyeeNane[ kMaxNanmeSize - 1] = *\0";

enpl oyeel D = i d;
enpl oyeeSal ary = sal ary;

cout << “Creating enployee #' << enployeel D <<

“\'n”;
}
Enpl oyee: : ~Enpl oyee()
{
cout << “Destroying enployee #' << enployeel D <<
H\ n”;
}
voi d Enpl oyee: : Print Enpl oyee()
{
cout << “----\n";
cout << “Nane: “ << enpl oyeeNane << “\n”;
cout << “I1D: “ << 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 to a Payr ol |
object.

I nt mai n()

{
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 out-
put:

Creating payroll object
Creating enpl oyee #1000

Next, Pri nt Enpl oyee() is called.

enpl oyeelPtr->Pri nt Enpl oyee();

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

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

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

Next, both objects are deleted:

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

return O;

}

The two destructors print their respective messages:

Destroyi ng enpl oyee #1000
Destroyi ng payroll object
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Summary

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 de-
structors and you’ve seen how these routines are called when an ob-
ject 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 establish a
f ri end relationship between a class and another class or function.

Perhaps most important of all, you’ve started down a new program-
ming 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 techniques
you'll want to develop as your C++ programs become more and
more sophisticated.
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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 Enpl oyee class that de-
scribes your company’s employees. Next, you might declare a

Sal es class, based on the Enpl oyeeclass, that describes employees
in the sales department.

This chapter is filled with examples that emphasize the advantages
of classes derived from other classes. As you read through the chap-
ter, focus on the syntax and techniques demonstrated by each exam-
ple. The mechanics and philosophy presented here form the body
and soul of that part of object programming known as cl ass der -
i vation.

Inheritance

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 mem-
bers and member functions from its base class.

As an example, consider the following class declaration:

cl ass Base

{
public:
short baseMenber ;
voi d Set BaseMenber ( short baseVal ue );
1
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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() * § |||
Figure 6.1 An object of the Base class.

Here’s another class declaration:

class Derived : Base

{
publi c:
short derivedMenber;
void SetDerivedMenber( short derivedVval ue );
}

This class is a derived class named, appropriately enough,

Deri ved. The“: Base” atthe end of the title tells you that this
class is derived from the class named Base. Figure 6.2 shows what a
Der i ved object might look like from a graphic perspective. As
you’d expect, this object has its own copy of the data member

deri vedMenber as well as access to the member function

Set Der i vedMenber ().

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 ().
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Figure 6.2

Inheritance
Derived Ohject
derivedMember:
. SetDerivedMember()
SetDerivedMember() « § |||

baseMember and baseMember:
S_etBa§eMember() are SetBaseMember()
inherited from Base SetBaseMember() - § |||

An object of the Deri vedclass.

Here’s some code that allocates a Der i ved object, then accesses
various data members and functions:

Deri ved *deri vedPtr;
deri vedPtr = new Derived;
deri vedPtr->Set Deri vedMenber ( 20 );

cout << “derivedMenber = “ << derivedPtr
->der i vedMenber ;

deri vedPtr->Set BaseMenber ( 20 );

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

Notice that the object pointer der i vedPt r is used to access its
own data members and functions as well as its inherited data mem-
bers and functions. Notice also that the example does not create a
Base object. This is important. When an object inherits data mem-
bers 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 Inheritance
Although a derived class inherits all of the data members and mem-
ber 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 de-
clare its base class as either publ i c or pri vat e. One way to do this
is to include either publ i c or pri vat e in the title line of the de-
clared class.
For example, in this declaration, the class Base is marked as
publ i c:
cl ass Derived : public Base
{
publi c:

short deri vedMenber;

voi d Set Deri vedMenber ( short derivedVal ue );
}
In this declaration, Base is marked as pri vat e:
cl ass Derived : private Base
{

public:

short deri vedMenber;

voi d Set Deri vedMenber ( short derivedVal ue );
}

Detail You can also mark a base class as publ i c or pri vat e by leaving

off the access specifier. If you use the cl ass keyword to declare
the derived class, the base class defaults to pri vat e. If you use
the st ruct keyword to declare the derived class, the base class
defaults to publ i c.
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By the Way

Once you know whether the base class is publ i c or pri vat €, you
can determine the access of each of its inherited members by follow-
ing these three rules:

1. The derived class does not have access to pri vat e
members inherited from the base class. This is true
regardless of whether the base class is publ i ¢ or
private.

2. If the base class is publ i ¢, the members inherited
from the base class retain their access level (providing
the inherited member is not pr i vat e, of course). This
means that an inherited publ i ¢ member remains
publ i c 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 pri 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 mem-
bers as pri vat e and our member functions as publ i c. This ap-
proach 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 edand your
member functions as publ i c.

A pr ot ect edmember 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 edis just like pri vat e. The advantage of pr ot ect edis
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.
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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 speci-
fier. Our first sample program brings these lessons to life.

If CodeWarrior is already running, close the current project by se-
lecting Close from the File menu. If CodeWarrior isn’t running,
launch it by selecting Programs from the Start menu, then selecting
CodeWarrior from the Programs menu, then selecting CW IDE. Ei-
ther way, next select Open from the File menu. Go into the Learn
C++ Proj ects directory, open the subdirectory named 06. 01 -
deri ved, and open the project file named der i ved. cwp. Next,
runderi ved. cwp by selecting Run from the Project menu. Here’s
what you'll see:

baseMenber was set to 10
deri vedMenber was set to 20

Let’s take a look at the source code.

The derived Source Code

Asusual, 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

{
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Base has a single data member, ashor t named baseMenber,
which is marked as pri vat e.

/1 Dat a nmenbers. ..
private:
short baseMenber;

Base also includes two member functions, each marked as

pr ot ect ed. Set BaseMenber () sets baseMenber to the specified
value while Get BaseMenber () returns the current value of
baseMenber .

Il Menber functions...
pr ot ect ed:
void SetBaseMenber( short baseVal ue );
short Get BaseMenber ();

b

voi d Base:: Set BaseMenber( short baseVal ue )

{

baseMenber = baseVal ue;

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

Since baseMenber is pri vat g, it cannot be accessed by any func-
tion outside the Base class. Since Set BaseMenber () and

Cet BaseMenber () are pr ot 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:
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I e
Base: Deri ved
cl ass 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 c, all inher-
ited publ i ¢ members remain publ i ¢ and inherited pr ot ect ed
members remain pr ot ect ed. Inherited pri vat e members are not
accessible by the derived class.

Detail If you marked Base as pri vat e instead of publ i c all inherited

members would be marked as pr i vat e and would not be acces-
sible by any classes derived from Der i ved. The point here is this:
If you mark the base class as pri vat e you effectively end the in-
heritance chain.

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

cl ass Derived : public Base

It's rare that you’d want to reduce the amount of information inher-
ited 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 chap-
ters, the idea of derived classes as extenders will appear again and
again.

Der i vedhas a single data member, ashort named
der i vedMenber, which is declared as pri vat e:

/1 Dat a menbers. ..
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private:
short derivedMenber:

der i vedMenber can only be accessed by a Der i ved member func-
tion. That’s it. Der i ved contains two member functions,
Set Menber s() and Pri nt Dat aMenber s().

Il Menber functions...
publi c:
void Set Menbers( short baseVal ue,
short derivedVal ue );
voi d PrintDataMenbers();

b

Set Menber s( ) takes two shor ts, assigns the first to

deri vedMenber, and passes the second to Set BaseMenber ().
Set BaseMenber () was used because Der i ved does not have di-
rect access to baseMenber.

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

}

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

void Derived:: PrintDataMenbers()
{

cout << “paseMenber was set to
<< Cet BaseMenber() << ‘\n’;
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cout << “derivedMenber was set to “
<< derivedMenber << ‘\n’;

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

i nt mai n()

{
Deri ved *deri vedPtr;

deri vedPtr = new Derived;

It's important to understand that when the Der i ved object is cre-
ated, 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 derivedMenber to 20.

deri vedPtr->Set Menbers( 10, 20 );

Next, we call the Der i ved member function
Pri nt Dat aMenber s():

deri vedPtr->Pri nt Dat aMenber s();

return O;

}
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Derivation,

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 in-
heritance to call Set BaseMenber (), Print Dat aMenbers() is
able to print the value of the inherited data member baseMenber
by calling Get BaseMenber ().

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

Constructors, and Destructors

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 inher-
its 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 com-
piler calls an object’s constructor, it first checks to see whether the
object belongs to a derived class. If so, the constructor belonging to
the base class is called and then the object’s own constructor is
called. The base class constructor initializes the object’s inherited
members, while the object’s own constructor initializes the mem-
bers 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

Figure 6.4

Derived Class

Members
Belonging to the
Derived Class

The derived class
constructor initializes

these members

The base class constructor
initializes these members

Members Inherited from
the Base Class

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

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 constructor/de-
structor calling sequence just described still holds, no matter how
long the derivation chain.

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

When you create an object of class B, it will inherit the members
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.

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
Class B

Inherited Members from
Class A

Inherited Members from
Class A

Three classes in a single derivation chain where class B is
derived from A and C is derived from B.
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When an object from class C is created, the compiler follows the der-
ivation 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.

When the object is deleted, the class C destructor is called first, fol-
lowed by the class B destructor and, finally, by the class A destruc-
tor.

A Derivation Chain Example

Our second sample program demonstrates the order of constructor
and destructor calls in a three-class derivation chain. Close the cur-
rent project by selecting Close from the File menu. Select Open from
the File menu, go up to the Learn C++ Proj ect s directory, open
the subdirectory named 06. 02 - granps, and open the project
file named gr anps. cwp. Next, run gr anps. cwp by selecting Run
from the Project menu. Here’s what you'll see:

Granps’ constructor was call ed
Pops’ constructor was cal |l ed!
Juni or’s constructor was call ed!
Juni or’s destructor was call ed!
Pops’ destructor was call ed!
Granps’ destructor was call ed

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
granps. cp starts with the usual #i ncl ude:

#i ncl ude <i ostream h>
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Next, the Gr anps class is declared:

cl ass G anps

{
/1 Dat a menbers. ..

Notice that none of the classes in this program have any data mem-
bers. For the moment, we're interested only in the order of construc-
tor and destructor calls.

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

/1 Member functions...
publi c:
G anps();
~Granmps() ;
}

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

Granps: : G anps()

{

cout << “Granps’ constructor was called!'\n”;
}
G anps: : ~G anmps()
{

cout << “Granps’ destructor was called!'\n”;
}

Our next class is derived from the G- anps class:
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I Pops: Granps
cl ass Pops : public G anps

{

I Dat a nenbers. ..

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

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

/1] Member functions...
public:
Pops() ;
~Pops();
}

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

I Juni or: Pops

cl ass Junior : public Pops

{
/1 Dat a nenbers. ..
/1 Menmber functions...
publi c:
Junior();
~Juni or () ;
}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”;
}
Juni or:: ~Junior ()
{
cout << “Junior’s destructor was called!'\n";
}
mai n()’s job is to create and delete a single Juni or object. Watch
what happens:
I mai n()
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{

Junior *juniorPtr;

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

juniorPtr = new Junior;

The G- anps constructor is called, giving the Gr anps 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 G anps destructor:

del ete juniorPtr;

return O;

Here’s the output produced by these destructor calls:

Junior’s destructor was call ed!
Pops’ destructor was call ed!
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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 Gr anps constructor to pri 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 Gr anps constructor
from pri vat e to pr ot ect edand compile your program.

This time your program compiled. Why? This time, when Juni or
inherited the Gr anps constructor it had access to the Gr anps con-
structor. Remember, when a derived class inherits a pr ot ect ed
member from a publ i ¢ 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 edand recompile. What happened?

This time the compiler complained that the Juni or constructor was
not accessible. Since the Juni or constructor was declared

pr ot ect edit 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 G- 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 Gr anps constructor and mai n() didn’t yet the pro-
gram still compiled.

Think about these issues. Go back to the previous program,
der i 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 constructor.
Our second program, gr anps, featured three classes. Though all
three classes declared a constructor, none of the constructors de-
clared 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
{
public:
Base( short baseParam);

};
Now, add a derived class based on this base class:

cl ass Derived : public Base

{
publi c:
Derived();

b

Notice that the derived class constructor is declared without a pa-
rameter. When a Der i ved object is created, the Base constructor is
called. What parameter is passed to this constructor?

The secret lies in the definition of the derived class constructor.
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 de-
rived class constructor to the base class constructor’s parameter list.
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Style

For example, we might define the derived class constructor this
way:

Derived: :Derived() : Base( 20 )
{

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 constructor
also has parameters. Check out the following piece of code:

Derived: : Deri ved( short derivedParam)
Base( derivedParam )

{

}

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,

Deri ved *deri vedPtr;

derivedPtr = new Derived( 20 );

the parameter is passed to the Base constructor. Once the Base con-
structor returns, the same parameter is passed to the Der i ved con-
structor.

In the preceding example, the Der i 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
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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
project by selecting Close from the File menu. Select Open from the
File menu, go into the Learn C++ Proj ects directory, open the
subdirectory named 06. 03 - squar e, and open the project file
named squar e. cwp. Next, run squar e. cwp by selecting Run
from the Project menu. Here’s what you'll see:

Area is: 100
Area is: 150

Let’s take a look at the source code.

The square Source Code

square. 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 Rect angl e

cl ass Rectangl e

{
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The data members of our base class are declared as pr ot ect ed; the
member functions, publ i c. hei ght andwi dt hhold the height and
width of a Rect angl e object:

/1 Dat a nenbers. ..
pr ot ect ed:
short hei ght ;
short wi dt h;

The Rect angl e() constructor takes two parameters,

hei ght Par am and wi dt hPar am that are used to initialize the
Rect angl e data members. The member function Di spl ayAr ea()
displays the area of the current object:

Il Menber functions...
publi c:
Rect angl e( short hei ght Param short
wi dt hParam ) ;
void DisplayArea();
1

Rect angl e() uses its two parameters to initialize the Rect angl e
data members:

Rect angl e: : Rect angl e( short hei ght Param short
wi dt hPar am )

{
hei ght = hei ght Par am
w dt h = wi dt hPar am

}
void Rectangle:: D splayArea()
{
cout << “Area is: “ <<
height * width << *\n’;
}
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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:

Rect angl e: Squar e

cl ass Square : public Rectangle

{
/1 Dat a menbers. ..

The Squar e() constructor takes a single parameter, a shor t named
si de:

Il Menmber functions. ..
publi c:
Square( short side );

b

The Squar e() constructor has one purpose in life. It maps the sin-
gle 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 a Rect angl e
pointer:
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By the Way

i nt main()

{
Squar e *nmy Squar e;
Rect angl e *nyRect angl e;

The Squar e pointer is used to create a new Squar e object with a
side of 10:

nySquare = new Square( 10 );

As specified by the Squar e() constructor’s title line, the compiler
calls Rect angl e(), passing 10 as both hei ght Par am and

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 ewith a height of 10 and a width
of 10.

Next, the Squar e object’s inherited member function,
Di spl ayAr ea(), is called:

nmy Squar 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

As far as Di spl ayAr ea() 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.
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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:

nyRect angl e = new Rectangle( 10, 15 );
nmyRect 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 with-
out modifying the existing class.

The Squar e class takes advantage of what's already in place, build-
ing on the data members and member functions of its base class. Es-
sentially, Squar e added a shortcut to the Rect angl eclass, 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 im-
portant lesson behind this example. C++ makes it easy to build
upon existing models, to add functionality to your software by de-
riving from existing classes.

As you gain experience in object programming, you’ll build up a li-
brary 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 exist-
ing classes, you get the best of both worlds. Code that depends on
the base classes will continue to work quite well without modifica-
tion. 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.
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In my mind, this is what object programming is all about.

Overriding Member Functions

In the preceding example, the derived class, Squar e, inherited the
member function, Di spl ayAr ea(), from its base class,

Rect angl e. Sometimes, it’s useful to override a member function
from the base class with a more appropriate function in the derived
class. For example, you could have provided Squar e with its own
version of Di spl ayAr ea() 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 as Rect angl e,
Circle, and Tri angl e You can create a Di spl ayAr ea() func-
tion 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 simplify mat-
ters 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 ayAr ea() function, their true
identity will emerge. A Tri angl e will override the Shape

Di spl ayAr ea() function with a Tri angl e Di spl ayArea()
function. The Rect angl eand Gi r cl e will have their own versions
as well. The trick is to get C++ to call the proper overriding function,
if one exists.

Creating aVirtual 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
Rectangl e, Triangl e, or G rcl e. Now suppose that Shape
pointer is used to call the member function Di spl ayAr ea() :

nmy ShapePt r - >Di spl ayArea();
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As it is now, this code will call the function Shape: :
Di spl ayAr ea() even if the Shape pointed to by myShapePtr isa
Rectangle, Triangle,orCrcle.

The solution to this problem? Declare Shape: : Di spl ayAr ea()as
a Vi rtual 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 vir-
tual function overriding by using a base class named Shape and
two derived classes, Rect angl eand Tri angl e. Close the current
project by selecting Close from the File menu. Select Open from the
File menu, go into the Learn C++ Proj ect s directory, open the
subdirectory named 06. 04 - what Al , and open the project file
named what Al . cwp. Next, run what Aml . cwp by selecting Run
from the Project menu. Here’s what you'll see:

I’ ma rectangl e!
["ma triangl e!
I don’t know what kind of shape | am

Let’s take a look at the source code.

The whatAml| Source Code

what Aml . cp starts in the usual way, by including
<i ostream 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 Ami () tells
you what kind of shape it belongs to. Notice that it is declared using
the vi rt ual keyword, which tells the compiler that you’d like any
overriding function to be called, if one exists:
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I T I Shape
cl ass Shape
{
/1 Dat a nenbers. ..
/1 Menmber functions...

publi c:

virtual void WatAmM();

b

Here’s the definition of Shape: : What Am () :

voi d Shape:: What Am ()
{

cout << “1 don’t know what kind of shape |
am\n”;

Notice that the vi rt ual keyword isn’t used here. The vi rt ual
keyword is only allowed in the function declaration inside the class
declaration.

Our next class, Rect angl g is derived from the Shape class.
Rect angl ealso has a single member function named What Am ():

Shape: Rect angl e

cl ass Rectangle : public Shape

{

/1 Dat a nenbers. ..

/1 Menmber functions...
publi c:

void Wat Al ();
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b

Rect angl €s version of What Aml () is called when the object doing
the calling is a Rect angl e:

void Rectangle:: Wat A ()
{

}

cout << “I’ma rectangle!\n”;

Our next class, Tri angl e, is also derived from Shape:

Shape: Tri angl e

class Triangle : public Shape

{
/1 Dat a nmenbers. ..
/1 Menber functions...
public:
void WatAm ();
}s

Once again, Tri angl ehas its own version of What Aml ():

void Triangle::WatAn ()
{

}

cout << “I’"ma triangle!\n”;

Now comes the fun part. nai n() declares three Shape pointers, s1,
s2, and s3:
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I nt mai n()

{
Shape *sl, *s2, *s3;

Each of these pointers is used to create a new object, aRect angl e,
aTri angl e, and a Shape:

sl = new Rectangl e;
s2 = new Tri angl 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 differ-
ent types. This is intentional. If you're building a linked list 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 Tr i 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 Al ()
(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 over-
rides the function, C++ will make sure the correct function is called.

Once our three objects are created, we try using each object to call
What Al ():

s1->What Am () ;
s2->What Al () ;
s3->What Am () ;

return O;

150 Learn C++ under Windows 95/NT



Derived Classes
Summary

Summary

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 Al (), we get this
result:

["’ma triangl e!

Finally, when the Shape object is used to call What Al (), we get
this result:

| don’t know what kind of shape | am

In this example, the Shape class exists just so that we can create use-
ful, derived classes from it. Creating a Shape object is not particu-
larly useful.

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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The C++ feature up for discussion in this chapter is operator over-
loading. 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:

cl ass Menultem

{
private:
float price;
char nane[ 40 ];
public:
Menultem : Menulten( float itenPrice,
char *itemNane );
float Menultem: GetPrice( void );
b

Your software would define a Menul t emobject for each item on the
menu. When someone orders, you’d calculate the bill by adding to-
gether the pri ce of each Menul t em Here’s an example:

Menul tem chi cken( 8.99, “Chicken Kiev with

sal ad” );
Menul tem houseWne( 2.99, “Riesling by the
gl ass” );
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fl oat total;

total = chicken->GetPrice()
+ 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 Get Pri ce().
Nothing new here.

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 ckento the pri ce of houseW ne. Ordi-
narily, the compiler would complain if you tried to use a nonintegral
type with the + operator. You can get around this limitation by giv-
ing the + operator a new meaning.

To do this, create a function to overload the + operator:

fl oat operator+( Menultemiteml, MenultemitenR )

{
return( iteml. GetPrice() + itenR. GetPrice() );

}

Notice the name of this new function. Any function whose name fol-
lows the form

oper at or <C++ oper at or >
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is said to overload the specified operator. When you overload an opera-
tor, you're asking the compiler to call your function instead of inter-
preting the operator as it normally would.

Calling an Operator Overloading Function

When the compiler calls an overloading function, it maps the opera-
tor’s operands to the function’s parameters. For example, suppose
the function

fl oat operator+( Menultemiteml, MenultemitenR )
{

}

return( iteml.GetPrice() + itenR. GetPrice() );
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 neas 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 determines the
number of parameters passed to its overloading function. For ex-
ample, a function designed to overload a unary operator takes a
single parameter; a function designed to overload a binary opera-
tor takes two parameters.

Operator Overloading Using a Member
Function

You can also use a member function to overload an operator. For ex-
ample, the function
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float Menultem :operator+( Menultemitem)

{
return( GetPrice() + itemGetPrice() );

}

overloads the + operator and performs pretty much the same func-
tion 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 remainder of the
operands as parameters. So with the function just given in place, the
compiler handles the expression

chi cken + houseW ne

by calling chi cken. oper at or +() , passing houseW ne as a pa-
rameter, 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 overload the
same operator? For example, both of the following functions over-
load the + operator:

fl oat operator+( Menultemiteml, MenultemitenR )

fl oat Menultem :operator+( Menultemitem)
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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, however. You
might create one version of oper at or +() that handles Menul t ens
and another that allows you to add two arrays together. The com-
piler 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 e class and use it to store a length of time speci-
fied in hours, minutes, and seconds. Then, we’ll overload the + and
* = operators and use them to add two times together and to multi-
ply a time by a specified value.

If CodeWarrior is already running, close the current project by se-
lecting Close from the File menu. If CodeWarrior isn’t running,
launch it by selecting Programs from the Start menu, then selecting
CodeWarrior from the Programs menu, then selecting CW IDE. Ei-
ther way, next select Open from the File menu. Go into the Learn
C++ Proj ects directory, open the subdirectory named

07.01 - tine and open the project file named ti me. cwp. Next,
runt i me. cwp by selecting Run from the Project menu. Here’s what
you'll see:

(1:10:50)
(2: 24: 20)

* 2

(7:10: 20)

Let’s take a look at the source code.
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The time Source Code
Asusual, time. cp starts by including <i ost r eam h>:

#i ncl ude <i ostream h>

Next, we declare the Ti ne class, which is used to store time in
hours, m nutes, and seconds:

class Tine
{
/1 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 members;
for example, 70 seconds is converted to 1 minute and 10 seconds.
Nor mal i zeTi me( ) will only be used from within the Ti e class.
Since we’re not planning on deriving any classes from Ti e, we’ve
left it as pr i vat e. The rest of the member functions will be publ i c.

/1 Menber functions. ..
void NormalizeTine();
public:

The Ti me class sports two constructors. The first takes no parame-
ters and is used to create a Ti me object with all three data members
set to 0 (You'll see why later on in the code). The second Ti me con-
structor uses its three parameters to initialize the three Ti me data
members.

Ti me();
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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 *=() over-
loads the * = operator:

void Display();
Time operator+( Tinme &Tinme );
void operator*=( short num);

b

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 me( ) to resolve any overflow.

Time: : Ti me()

{
seconds = O;
m nutes = 0;
hours = O;

}

Time:: Time( short h, short m short s )
{

seconds = s;
m nutes = m
hours = h;

Nor mal i zeTi me() ;

}

Nor mal i zeTi me( ) starts by adding the seconds overflow to
m nut es, and then it adds the mi nut es overflow to hour s:

void Tine::NormalizeTi ne()
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{

hours += ((m nutes + (seconds/60)) / 60);

Next, the same calculation is performed to calculate a new value for
m nut es and then for seconds:

mnutes = (mnutes + (seconds/60)) % 60;

seconds % 60:;

}
Di spl ay() is self-explanatory:

void Tine::Dsplay()
{
cout << “(* << hours << “:” << mnutes
<< ":7 << seconds << “)\n”;

oper at or +( ) is called when the + operator is used to add two
Ti e objects together. The first operand is used as the current object,
and the second operand corresponds to the parameter aTi ne.

Time Tine::operator+( Tine &aTine )
{

short h;

short m

short s;

Notice that aTi ne is declared as a reference parameter. Why?
This code would also work if aTi e 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 problem if the parameter was big
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enough. With the &, aTi ne is a reference to the object passed in
as a parameter.

Next, the hour s, m nut es, and seconds data members of the
two objects are added together and stored in the local variables h,
m and s:

h = hours + aTi ne. hours;
m = m nutes + aTi ne. m nutes;
s = seconds + aTi ne. seconds;

Next, a new Ti me object is created using h, m and s. Since the
Ti me constructor calls Nor mal i zeTi me( ), 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
tenpTi ne.

Finally, we return the newly created object. Since we are not using a
reference, the compiler will make a copy oft enpTi ne, then return
the copy. The compiler is responsible for destroying this copy, so
you don’t have to worry about it.

return tenpTi ne;

}

oper at or *=() is called when the * = operator is used to multiply a
Ti e object by a constant. Notice that oper at or *=() does not re-
turn a value because the multiplication is performed inside the

Ti e object that appears as the first operand:
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void Tine::operator*=( short num)

{

Each of the Ti e object’s data members is multiplied by the speci-
fied short:

hours *= num
m nutes *= num
seconds *= num

Since we won't be creating a new Ti nme 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 re-
turn 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 oper at or +().

Before you make the decision, build a few expressions using the
operator under consideration. Do the expressions resolve to a sin-
gle value? If so, then you want your overloading function to return
a value.

mai n() starts by defining two Ti me objects (the values in parenthe-
ses represent the hour s, mi nut es, and seconds, respectively):

i nt mai n()

{
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Time firstTinme( 1, 10, 50 );
Time secondTine( 2, 24, 20 );

Next, a third Ti e object is created, this time via a call to the Ti e
constructor that doesn’t take any parameters.

Time sumrline;

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 e. Di spl ay();

CoUt << “-n-eonn- \n":

Here are the results:

(1:10: 50)
(2:24: 20)

Next, the + operator is used to add the two Ti mes together, and the
resulting object is displayed:

sumlime = firstTime + secondTi ne;
sunti ne. Di spl ay();

Here’s what this result looks like:

(3:35:10)

Learn C++ under Windows 95/NT 163



Operator Overloading

A Few Restrictions

Now, two more lines are sent to the console:

cout << “* 2\n";

cout << “-------- \n”;

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:

sumlime *= 2;
sumfli ne. Di spl ay();

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 Restrictions

Now that you've mastered the basics of operator overloading, you
need to be aware of a few restrictions. First, you can only overload
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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.

Overloacdable Operators

+ - * / %
A~

, = < > <=
>= ++ -- << >>
== 1= && ” +=
-= = %= N= &=
= *= <<= >>S= [l

0 -> ->*  new delete

Figure 7.1  You can overload these operators.

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).

Monover loadahble Operators

x " ?: sizeof()

Figure 7.2  You can’t overload these operators.

Third, you can’t change the way an operator works with a pre-
defined type. For example, you can’t write your own oper at or ()
function to add two i nt s together.

Detail Here’s a rule of thumb for you. If you want the compiler to even
consider calling your overloading function, either make the func-
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tion 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 pre-
fix notation and one to support postfix notation. The compiler dis-
tinguishes 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 single i nt .

Here’s an example of a prefix and postfix ++ overloading operator
for the Ti me class from our last program. First, the prefix oper a-
t or function:

Time operator++()

{
*this = *this +1;
return *this;

}

Now here’s a version of the postfix oper at or function:

Time operator++( int )

{
Tinme aTinme = *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 identifies this function as postfix.
Finally, you'll want to add a new version of oper at or +() to han-
dle adding 1 to a Ti ne object (as we do in the two functions
above):
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Time Tinme::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 e class declaration.

Fifth, you can’t change an operator’s precedence by overloading it.
If you want to force an expression to be evaluated in a specific order,
use parentheses.

Sixth, overloading functions cannot specify default parameters. 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 opera-
tor 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 operator unary.

Covering All the Bases

Earlier in the chapter, we looked at a function that overloaded the +
operator and was designed to add the pri ce of two Menul t ens to-
gether:
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fl oat operator+( Menultemiteml, MenultemitenR )
{

}

return( iteml.GetPrice() + itenR. GetPrice() );

When the compiler encountered an expression like

chi cken + houseW ne

where both chi ckenand houseW newere declared as Menul t ens,
it called oper at or +( ), which passed the two operands as parame-
ters. The f | oat produced by adding both pri ces together was re-
turned as the result of the expression.

What happens when the compiler evaluates an expression like

chi cken + houseW ne + appl ePi e

This expression seems innocent enough, but look at it from the com-
piler’s viewpoint. First, the subexpression

chi cken + houseW ne

is evaluated, resolving to a f | oat. Next, this f | oat is combined
with appl ePi ein the expression

<float> + appl ePi e

Hmmm...what does the compiler do with this expression? We de-

signed an overloading function that handles the + operator when its
operands are both Menul t ens, but we don’t have one that handles a
f1 oat as the first operand and a Menul t emas the second operand.

Now take a look at the following expression:
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chi cken + (houseW ne + appl ePi e)

First, the compiler evaluates the subexpression

(houseW ne + appl ePi e)

resolving it to a f | oat. That leaves us with the expression

chi cken + <fl oat >

Once again, we designed an oper at or +( ) function that handles +
and two Menul t ems, 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 tech-
nique introduced back in Chapter 4, function overloading. Just as
with any other function, you can overload an oper at or () function
by providing more than one version, each with its own unique sig-
nature.

Remember, a function’s signature is based on its parameter list
and not on its return value.

How Many Versions Are Needed?

Figuring out how many versions of an oper at or () function to pro-
vide is actually pretty straightforward. Start by making a list of the
number of possible types you want to allow for each of the opera-
tor’s operands. Don’t forget to include the type returned by your
oper at or () function.
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Figure 7.3

In the previous example, we wanted oper at or +() to handle a

f1 oat or a Menul t emas either operand, which yields the possibili-
ties shown in Figure 7.3. The left column shows the possibilities for
the left operand; the right column shows the possibilities for the
right operand. Your list will have | eft * ri ght entriesinit,
where | ef t is the number of types allowed for the left operand and
ri ght is the number of types allowed for the ri ght operand.

float float

float Menultem
Menultem float
Menultem Menultem

Possible operands for the + operator, given that each operand
can be either a float or a Menultem.

Figure 7.3 lists four possible operand combinations. The first case
involves an expression of the form

<float> + <float>

As pointed out earlier, you can’t create an oper at or () function
based solely on built-in types. Fortunately, the compiler does a per-
fectly fine job of adding two f | oat s together.

With this first case taken care of by the compiler, we're left to con-
struct the remaining three oper at or +() functions. Our next pro-
gram, menu, uses function overloading to do just that.

An Overloader Overloading Example

Close the current project by selecting Close from the File menu. Se-
lect Open from the File menu, go into the Learn C++ Proj ects
directory, open the subdirectory named 07. 02 - menu, and open
the project file named menu. cwp. Next, run nenu. cwp by select-
ing Run from the Project menu. Here’s what you'll see:
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Menultem : operator+( Menultemitem)
operator+( float subtotal, Menultemitem)

Total : 15.969999

Menul tem : operator+( Menultemitem)
Menul tem : operator+( float subtotal )

Total : 15.969999

Let’s take a look at the source code.

The menu Source Code

menu. cp starts with two include files and a single constant:

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

const short kMaxNaneLength = 40;

Next, the Menul t emclass is declared. The Menul t emclass contains
two data members. pr i ce lists the price of the item while nane con-
tains the item’s name as it might appear on a menu:

I T T Menul t em

cl ass Menul tem
{
private:
fl oat price;
char nane[ kMaxNanmelLength ];
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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 emclass features four member functions. The construc-
tor, Menul t em( ), initializes the Menul t emdata members; the
Get Pri ce() function returns the value of the pri ce data member:

public:
Menulten( float itenPrice,
char *itemNane );
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 func-
tions is called; if the second operandisaf | oat, the second function
is called:

fl oat operator+( Menultemitem);
fl oat operator+( float subtotal );

i

The Menul t en() constructor copies its first parameter into the
pri ce data member, and then it uses st r cpy() to copy the second
parameter into the nanme data member:

Menultem : Menultenm( float itenPrice,
char *itenNane )
{
price = itenPrice;
strcpy( nane, itenmNane );
}
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For the sake of simplicity, we used st r cpy() to copy the parame-
ter into name. The Enpl oyee constructor in Chapter 5’s first sam-
ple program provides a safer alternative. Check it out.

Get Pri ce() returns the value stored in the data member pri ce.

float Menultem: GetPrice()
{

return( price );

}

The first version of oper at or +( ) handles expressions of the form

<Menul tenr + <Menultenr

First, it prints out a message showing which oper at or +() function
is called:

float Menultem :operator+( Menultemitem)

{

cout << “Menultem :operator+( Menultemitem)\n”;

Next, it adds together the two versions of pri 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

i tem Get Pri ce() retrieves the pri ce of the right operand (the
Menul t empassed as a parameter). The sum of these two pri ces is
returned as af | oat:

return( GetPrice() + itemGetPrice() );
}

The second version of oper at or +( ) handles expressions of the
form
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<Menul ten» + <fl oat>

First, it prints out a message showing which oper at or +() function
is called:

fl oat Menultem :operator+( float subtotal )
{
cout << “Menultem :operator+( fl oat
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 af | oat:

return( GetPrice() + subtotal );
}

The third version of oper at or +() 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:

<f| oat> + <Menultenp

As mentioned earlier, the compiler uses the first operand to deter-
mine 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 func-
tion as parameters. If the first parameter is not an object, the com-
piler’s list of candidate overloading functions is reduced to the
program’s nonclass oper at or () functions. Once a matching func-
tion is located, the compiler calls it, passing all of the operands as
parameters.

Just like its compatriots, the third version of oper at or +() starts by
printing a message showing which oper at or +() function is called:
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oper at or +()

fl oat operator+( float subtotal, Menultemitem)

{

cout <<
“operator+( float subtotal, Menultem
item)\n”;

Next, the f | oat and the Menul t ems pri ce, retrieved by calling
Cet 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 em
objects, initializing each with a pri ce and a nane:

I LR L PR mai n()
I nt mai n()
{
Menultem chicken( 8.99, “Chicken Kiev with
sal ad” );
Menultem houseWne( 2.99, “Riesling by the
gl ass” );
Menultem applePie( 3.99, “Apple Pie a |l a
Mode” );

mai n() also declares a f | oat used to hold the result of our Menu
addition.

float total;
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Next, the three Menul t ens are added together, the result stored in
t ot al, and thet ot al printed.

total = chicken + houseWne + appl ePi e;
cout << “\nTotal: " << total
<< u\n\ nn;

When the compiler encounters the expression

chi cken + houseW ne + appl ePi e

it first processes the subexpression

chi cken + houseW ne

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 expres-
sion:

<subtotal > + appl ePi e

Since we're now adding a f | oat to a Menul t emthe compiler calls
the third oper at or +() function, as shown by the next line of out-
put:

operator+( float subtotal, Menultemitem)
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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 | oat s. In our next chapter, we’ll ex-
plore the mechanisms you can use to fine-tune your i ost r eam
output.

Then, the three Menul t ens 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 sub-
expression

(houseW ne + appl ePi e)

Once again, we're adding two Menul t ens 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 + <subt ot al >
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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 following 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

Special Cases

Warning

The remainder of this chapter is dedicated to a few special cases.
Specifically, we’ll focus on writing oper at or () functions that over-
load the new, delete, (), [], ->,and = operators.

One characteristic shared by each of these operators is that they

can only be overloaded by a nonstatic class member function. Ba-
sically, 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.

Overloading new and delete

There are two ways you can overload newand del et e. You can cre-
ate two member functions named oper at or new( ) and oper at or
del et e() as part of your class design. You might do this if you
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wanted to implement your own memory management scheme for a
specific class.

Another way to overload newand del et eis 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 initial-
ize newly allocated memory.

Whatever your reasons for overloading newand del et e, proceed
with caution. No matter how you do it, once you overload newand
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 from the File menu. Select Open from the File menu,
gointo the Learn C++ Proj ects directory, open the subdirec-
tory named 07.03 - new, and open the project file named

new. cwp. Next, run new. cwp by selecting Run from the Project
menu. Here’s what you'll see:

new. 1 byte(s).
delete: 1 byte(s).

Let’s take a look at the source code.

The new Source Code

new. cp starts with a #i ncl ude you’ve seen before:

#i ncl ude <i ostream h>
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newdefines a class named Bl ob, which doesn’t do much, but it does
contain overloading functions for newand del et e:

cl ass Bl ob

{
publi c:
void *operator new( size_t bl obSize );
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. Without
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 avoi d *. This is re-
quired. In general, your version of newwill return a pointer to the
newly allocated object or block of memory. If your memory manage-
ment 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 bl obSize )

{
cout << “new. “ << bl obSize << * byte(s).\n”;
return new char[ bl obSi ze ];

}

The oper at or new function 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 allo-
cated. Any parameters passed to newwill follow the si ze_t in the
parameter list.
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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 param-
eter, a pointer to the block to be deleted. The second parameter, a

si 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.

void Blob::operator delete( void *bl obPtr,
size_t bl obSize )

{

cout << “delete: “ << blobSize << * byte(s).\n”;

delete [] bl obPtr;
}

Detail 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 pa-
rameter 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 rtual, 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 new and delete, check out
section 12.5 in The Annotated C++ Reference Manual.

mai n() creates a new Bl ob and then deletes it:

I nt mai n()

{
Bl ob *bl obPtr;
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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 fol-
lowing line of output appears:

new. 1 byte(s).

When the object is deleted, the overloaded version of del et eis
called, and the next line of output is generated:

delete: 1 byte(s).

Overloading ()

The next special case is the function that overloads the () operator,
also known as the function call operator. One reason to overload the
function call operator is to provide a shorthand notation for access-
ing 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 from the File menu. Se-
lect Open from the File menu, go into the Learn C++ Proj ects
directory, open the subdirectory named 07.04 - cal |, and open
the project file named cal | . cwp. Next, runcal | . cwpby 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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Let’s take a look at the source code.

The call Source Code

cal | . cpstarts with the standard #i ncl ude:

#i ncl ude <i ostream h>

Next, cal | definesan |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:

class Item

{
private:
fl oat price;
publi c:
Item( float itenPrice );
fl oat operator()( float taxRate = 0 );
1

The | t em() constructor copies its parameter into the price data
member:

I[tem:ltem( float itenPrice )
{

}

price = itenPrice;

The oper at or () () function may look odd, but the syntax using
two pairs of parentheses is correct:
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float Item:operator()( float taxRate )

{

The first pair of parentheses designates the operator being over-
loaded; the second pair surrounds any parameters being passed to
the function. In this case, one parameter, t axRat e, is specified. No-
tice 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 ap-
plies it to the | t ends pri ce, returning the | t enis 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 opera-
tor.

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):

i nt main()

{
Iltem stinpyDoll( 36.99 );

Here’s where the call overload comes into play:

cout << “Price of Stinpy doll: $”
<< stinpybDol | ();
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By taking advantage of the default parameter, the function call
stinpyDol | ()

returns st i npyDol |’s pri ce. We could have accomplished the
same thing by coding

stinpyDoll.price

or

stinmpyDoll( 0 )

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 oper-
ator. This time, we provide a parameter. Notice that the same over-
loading function is used for two different (though closely related)
purposes.

You may have noticed that the Stimpy doll’s price (including tax)
printed as

Price with 4.5%tax: $38.654552
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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 customize 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 sub-
string, 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.

Overloading [ ]

Another useful operator to overload is [ ], also known as the sub-
script operator. Although it can be used for other things, [] is fre-
quently 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 = nyObject[ 10 ];

the[ ] overloading function belonging to the same class as
my Qbj ect is called with a single parameter, 10. The value returned
by the function is assigned to the variable my Char.

On the flip side of the coin, the [ ] overloading function must sup-
porta[] expression on the left side of the assignment statement,
like so:

myQbject[ 10 ] = nyChar;
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The next example shows you how to properly overload [ ] .

An operator[ | Example

Close the current project by selecting Close from the File menu. Se-
lect Open from the File menu, go into the Learn C++ Proj ects
directory, open the subdirectory named 07.05 - subscri pt,
and open the project file named subscri pt . cwp. Next, run
subscri pt. cwp by selecting Run from the Project menu. Here’s
what you'll see:

B. X. dinton
i ndex out of bounds!!!
Z. X. dinton

Let’s take a look at the source code.

The subscript Source Code

subscri pt. cp starts with some familiar #i ncl udes and a con-
stant 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 Name class is fairly simple. It is designed to hold a null-termi-
nated string containing a person’s name as well as a shor t contain-
ing the length of the string:

cl ass Nane

{

private:
char nanmeStri ng[ kMaxNaneLength ];
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short nanmelLengt h;

The member functions include a constructor as well as two operator

overloading functions. One function overloads [ ] ; the other over-
loads () :

publi c:
Nanme( char *nane );
void operator()();
char &operator[]( short index );

b

The constructor copies the provided string to the naneStri ng
data member and places the length of the string in the naneLengt h
data member:

Nane: : Nane( char *nane )

{
strcpy( naneString, nane );
nameLength = strlen( nane );

}

The () operator overloading function simply prints the character
string in nameSt ri ng:

void Nane::operator()()
{

cout << naneString << “\n”;

}

The [ ] operator overloading function takes a single parameter, an
index into the character string. Notice the unusual return type. By
specifying a char reference as a return type, the function ensures
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that the [ ] operator can appear on either side of an assignment
statement. Essentially, an expression such as

nmyGbj 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 proba-
bly 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 ] );

mai n() contains the proof of the pudding. First, a Nane object is
created, bearing a presidential tag;:
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I nt mai n()

{
Nanme pres( “B. J. dinton” );

Next, the fourth character in the string is replaced by the character
‘ X1 :

pres[| 3] ="*'X;
pres();

When pr es() 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 char-
acter of the string instead:

i ndex out of bounds!!!
Z. X. dinton
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Overloading ->

Next on the special cases list is the - > operator, also known as the
member access operator. Like the other operators presented in this sec-
tion, overloading - > provides a shorthand notation that can save
you code and add an elegant twist to your program.

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 reports 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 re-
turn value is substituted for the original left operand, and the evalu-
ation 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 from the File menu. Se-
lect Open from the File menu, go into the Learn C++ Proj ects
directory, open the subdirectory named 07.06 - smartPtr, and
open the project file named smar t Pt r . cwp. Next, run

smart Pt r. cwp by selecting Run from the Project menu. Here's
what you'll see:

Name: Bill dinton

Let’s take a look at the source code.

The smartPtr Source Code

smart Ptr. cp starts with some #i ncl udes and a constant that
you know and love:
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#i ncl ude <i ostream h>
#i ncl ude <string. h>

const short kMaxNaneLength = 40;

smart Pt r defines two classes. The Nane class holds two zero-ter-
minated strings containing a person’s first and last names. The
member function Di spl ayNane( ) displays the name in the console
window:

cl ass Nanme

{
private:
char first[ kMaxNaneLength ];
char last|[ kMaxNaneLength ];
public:
Nanme( char *|astNanme, char *firstNane );
void DisplayNane();
1

Nane: : Nane( char *l|astNane, char *firstNane )

{
strcpy( last, |astNanme );

strcpy( first, firstName );

}
void Nane:: D spl ayNane()
{
cout << “Nane:;: “ << first << “ “ << |ast;
}
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The Pol i tici an class represents a politician. To keep things sim-
ple, the info is limited to the politician’s age and a pointer to a Narme
object containing the politician’s name:

Politician

class Politician
{
private:
Nane *nanePtr;
short age;

publi c:
Politician( Name *nanePtr, short age );

The Pol i ti ci an class also contains a member function designed
to overload the - > operator. The function returns a pointer to the
politician’s Name object (the fact that it returns a pointer is key, as
you'll see):

Nane *operator->();

s

Politician::Politician( Nane *nanmePtr, short age )
{

t hi s->nanePtr = nanePtr;

t hi s- >age = age;

}
Nane *Politician::operator->()
{
return( namePtr );
}
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mai n() embeds a last and first name into a Nane object and then

uses that object to create a new Pol i ti ci an object (so far, no big
deal):

Nane myName( “Cinton”, “Bill” );
Politician billdinton( &wyNanme, 46 );

Next, the Pol i ti ci an object is combined with the smart pointer to
call Di spl ayNane():

bi | dinton->Di spl ayNane() ;

return O;

}

There are several problems here. First, bi | | Cl 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 tici an object?

Basically, the - > overloading function is doing its thing as a smart
pointer by bridging the gap between a Pol i ti ci an objectand a
Nare member function. When the compiler encounters the - > oper-
ator, it checks the type of the left operand. Sincebi | | O i nton is
not a pointer, the compiler checks for an - > overloading function in
the Pol i ti ci an class. When the overloading 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 re-
turn value for the original, yielding

nanePtr - >Di spl ayNane() ;
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The compiler again checks the type of the left operand. This time,
the operand is a pointer and the - > operator is evaluated normally.
The nanePt r is used to call the Nane function Di spl ayNane(), re-
sulting in the following line of output:

Name: 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 Name object rather than a pointer to
a Name object. The compiler then substitutes the Namne object in
the original expression and reevaluates:

myNane- >Di spl ayName() ;

Once again, since the left operand is an object and not a pointer,
the left operand’s class is examined in search of another - > over-
loading function. This substitution and call of - > overloading func-
tions 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 ob-
ject if the search should continue or a pointer if the end condition
has been met. C++ is cool, eh?

Overloading =

And now, finally, we’ve reached the last of the special cases, the
oper at or =() function. Why overload the = operator? To best un-
derstand why, take a look at what happens when you assign one ob-
ject to another.
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Suppose you define a St r i ng class, like this:

class String

{
private:
char *s;
short stringlLengt h;
publi c:
String( char *theString );
b

The data member s points to a null-terminated string. The data
member st ri ngLengt h contains the length of the string. The con-
structor St ri ng() initializes both data members. Notice that no
memory has been allocated for s. This is done inside the construc-
tor.

Now suppose you create a pair of St r i ngs, like this:

String source( “front );
String destination( “to” );

And then, you assign one of the St r i ng objects to the other, like
this:

desti nati on = source;

What happens?

As it turns out, the = operator copies one object to another by a pro-
cess called memberwise assignment. Basically, this means that each
data member within one object is copied, one at a time, to the corre-
sponding 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 charac-
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ter string. When one (char *) is copied to another, the address
stored in the (char *) is copied, not the data pointed to by the ad-
dress. Once the statement

desti nati on = source;

executes, both St r i 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 from the File menu. Se-
lect Open from the File menu, go into the Learn C++ Proj ects
directory, open the subdirectory named 07.07 - equal s, and
open the project file named equal s. cwp. Next, run equal s. cwp
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

Let’s take a look at the source code.

The equals Source Code
equal s. cp starts with the same old #i ncl udes:

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

Learn C++ under Windows 95/NT 197



Operator Overloading

Special Cases

The St ri ng class described earlier is defined next, with a few addi-
tions:

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 ayAddr ess();
String &operator=( const String & ronttring );

H

The constructor starts by calculating the length of the specified
string, storing the result in st r i ngLengt h. Next, newis used to al-
locate 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 );
}
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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.

The St ri ng destructor uses del et e to destroy the array of chars
pointed to by s:

String::~String()
{

}

delete [] s;

The member function St ri ng: : Di spl ayAddr ess()provides a
shorthand way of displaying the address of the first byte of a string:

void String:: D splayAddress()
{
cout << “String address: “ << (unsigned |l ong)s <<
H\n";

Here’s the = overloading function. Just like oper at or [] (), this
function must return an l-value. In this case, we return a reference to
a St ri 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 )

{

Learn C++ under Windows 95/NT 199



Operator Overloading
Special Cases

Detail 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 st ri ngLengt h is
copied from the source St r i 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:

delete [] s;
stringLength = frontString. stringLength;
S = new char[ stringLength + 1 ];

strcpy( s, fronString.s );

Since this 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 I-value.

return( *this );

}

mai n() puts everthing to the test. First, two St ri ng objects are cre-
ated and initialized:

i nt mai n()

{
String captain( “Picard” );
String doctor( “Crusher” );
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Next, the address of each St r i ng’s string is displayed, using the
overloaded () operator:

capt ai n. Di spl ayAddr ess();
doct or. Di spl ayAddr ess();

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:

Then, the object capt ai nis assigned to the object doct or, and the
addresses of the two text strings are again displayed:

doctor = captai n;

capt ai n. Di spl ayAddr ess();
doct or. D spl ayAddr ess();

return O;

Again, notice that the addresses are different:
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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 in-
sides) as well as its declaration inside the St r i ng class declaration,
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!

Congratulations are definitely in order here! Personally, I think that
operator overloading is one of the most difficult parts of C++ to un-
derstand 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 reamYou’ll find out how to overload the << and >> operators,
giving you more control over your output, and you’ll learn the dif-
ference between file handling in C and file handling in C++. Let’s

go!
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Throughout this book, we’ve depended on i ost r eants insertion
operator (<<) for all of our output and i 0st r eanis extraction opera-
tor (>>) for all of our input. While these operators serve us well,
there’s much more toi ost r eamthan has been demonstrated so far.

For example, you can easily customize i 0st r eamso that the >>
and << operators recognize your own personally designed 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 eam is
a powerful extension of the C++ language.

The Character-Based Interface

By the Way

| 0st r eans basic unit of currency is the character. Before a number
is written to a file, it is converted to a series of chars. When a num-
ber 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, it
uses i 0st r eamto send a stream of characters to the console.

If you plan to write programs for environments such as Windows,
the Macintosh, or perhaps even a graphical version of Unix (Motif,
X-windows, whatever), you'll probably do all your user-interface
development using class libraries that come with your develop-
ment environment. i ost r eamdoesn’t know a thing about drop-
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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 eamstill has
a lot to offer. You can use the same mechanisms you’d use to man-
age 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 iostream Classes

By the Way

The i ost r eam library is built upon a set of powerful classes. The

| ost ream base class is named i 0s. While you might not work di-
rectly with ani 0s object, you'll definitely work with i 0S” members
as well as with classes derived from i os.

istream and ostream

You've already started to work with two classes derived from i 0s.
Thei st reamclass is designed to handle input from the keyboard.
ci nisani st reamobject that C++ automatically creates for you.
The ost r eam class is designed to handle output to the console.
cout, cerr, andcl ogare ostream objects that are also auto-
matically 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 cer r is tied to the console, although some operating sys-
tems (such as Unix) allow you to redirect cer r, perhaps sending
the error output to a file or to another console. cer r is unbuffered
which means that output sent to cer r appears immediately on the
cerr device. cl og is a buffered version of cer r and is not sup-
ported by all C++ development environments. To decide which
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error output vehicle to use (cl og or cer r), consult your operating
system manual.

Working with istream and ostream

Up to this point, your experience with i ost r eam has 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 nmyNum
cout << “Type a nunber: “;
cin >> nyNum

cout << “Your nunber was: “ << myNum

There are a couple of things worth noting in this example. First, the
I ost r eam input 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 tradi-
tionally 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
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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. Fortu-
nately,i st r eamoffers some member functions that are white-space
savvy.

get()

The i st r eammember functionget () reads a single character from
the input stream. get () comes in three different flavors.

The first version of get () takes a char reference as a parameter
and returns a reference to ani st r eam object:

i stream &get (char &destination);

Since get () isani st r eammember function, you can use Ci n to
call it (after all, ci nisjustani st r eam object):

char ¢c¢;

cin.get( c );

This version of get () reads a single character from the input
stream, writes the char into its char parameter (c), and then re-
turns the input stream reference (ci n). Since get () returns the
input stream, it can be used in a sequence, as in the following exam-

ple:

char c;
short nyShort;

cout << “Type a char and a short: *;

cin.get( ¢ ) >> nyShort;
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This code grabs the first character from the input stream and stores
itin c. Next, the input stream is parsed for a shor t, and the short
is placed in ny Shor t. If the input to this example were

123

then ¢ would end up with the character 1, while my Shor t would
end up with the value 23.

The second version of get () is declared as follows:

I stream &get (char *buffer, int |ength, char
delimter = “\n");

This version of get () extractsup tol ength - 1 characters and
stores them in the memory pointed to by buf f er. If the char de-

| i m ter 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 encountered,
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 f er.

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 n —
1 characters, where  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 ex-
ample, the code
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char buffer[ 50 ];

cin.get( buffer, 50 );

reads up to 49 characters or one line from the input stream, which-
ever is shorter. Either way, the string stored in buf f er gets null-ter-
minated.

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 an i nt, as in the following exam-

ple:
i nt c;

while ( (¢ =cin.get()) !'="'q )
cout << (char)c;

This code reads the input stream, one character at a time, until a q is
read. Each character is echoed to the console as it is read.

The third version of get () returns ani nt and not a char to allow
it to return the end-of-file character. Typically, EOF 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 ECF 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.

getline()

Another i st r eammember function that you might find useful is
getline():

i stream &getline(char *buffer, int |ength,
char delimter = *'\n");
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get | i ne() behaves just like the second version of get (), but it re-
turns 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:

i stream & gnore(int length = 1,
int delimter = EOF);

i gnor e() follows the same basic algorithm as get | i ne(). It reads
up to | engt h characters from the input stream and discards them.
This extraction stops if the specified del i mi t er is encountered.
Notice that each of these parameters has a default value, which al-
lows 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 call get | 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 ani nt rather
than a char. This allows peek() to return the end-of-file character,
if appropriate, which makes peek() perfect for peeking at the next
byte in a file.

put()

The ost r eam member 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 re-
turns 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 opera-
tion:

I stream &put back(char c);
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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 gnor e() and

get | i ne() shown earlier.

seekg() and seekp()

The i st r eammember function seekg() gives you random access
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, i0s::cur,orios::end

The ost r eam member 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 );
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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++ pro-
vides a set of standard utilities that you may find useful (plain old
ANSI C also provides these routines). To use any of the utilities de-
scribed in this section, you must include the header file <ct ype. h>.

Each of the thirteen functions takes an i nt as a parameter. Thei nt
represents an ASCII character. Two of the functions, t ol ower ()
and t oupper (), map this character either to its lowercase or its up-
percase ASCII equivalent. For example, t ol ower ( * A" ) would
return‘ a’, while t oupper ( ‘ x’ ) would return* X' .

The remaining eleven functions return either 1 or 0, depending on
the nature of the character passed in. The functioni sal pha() re-
turns 1 if its argument is a character in the range * a’ through* z’
orin therange‘ A’ through* Z' . The functioni sdi gi t () returns 1
if its argument is a character in the range * 0’ through‘ 9’ . The
function i sal num() returns 1 if its argument causes either

i sal pha() ori sdigit() toreturn 1.

The function i spunct () returns 1 if the character is a punctuation
character. The punctuation characters are ASCII characters 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(),orispunct() toreturnl.

i sl ower () returns 1 if the character is in the range * @’ through
“z’ .i supper () returns 1 if the character is in the range * A’
through * Z' .i spri nt () returns 1 if the character is a printable
ASCII character.i scnt r | () returns 1 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.
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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, 123-1267
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.

Figure 8.1 Some useful utilities. Don’t forget to include the file
<ctype. h>

Working with Files

| oSt r eam contains two classes created especially for working
with files. The i f st r eamclass is derived from i st r eamand is de-
signed to read data from a file. Since i f st r eam inheritsi st r eanis
member functions, you can use an i f st r eamobject to take advan-
tage of i st r eam functions like get ().

The of st r eamclass is derived from ost r eam and is designed to
write data to a file. Since of st r eaminherits ost r eanis member
functions, you can use an of st r eam object to take advantage of
ost r eam functions like put ().

Reading Data from a File

Thei f st r eam constructor comes in several varieties. The most
widely used of these takes two parameters:

i fstreanm(const char* nane, int node=ios::in);
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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
file for reading.
File-Opening Modes
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
Figure 8.2 These file-opening modes are declared as part of the i os
class.
By the Way Some operating systems (such as Unix) support a third, optional

parameter fori f st r eam(and for of st r eamas well). The third pa-
rameter specifies the protection level used to open the file. In gen-
eral, the protection parameter is used only with multiple-user
operating systems 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 parame-
ter when you create an i f st r eam object:

ifstream readMe( “My File” );
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This definition creates ani f st r eam object named r eadMe. Next, it
opens a file named My Fi | e for reading, attaching the open file to
readMe.

i f st r eamobjects have data members that track whether a file is at-
tached 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. Normally, 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
file. For example, the following code opens a file and then reads a
single character from it:

char cC;
ifstream readMe( “My File” );

readMe.get( c );

A File-Reading Example

Our first sample program uses this technique to read a file and dis-
play the contents in the console window. If CodeWarrior is already
running, close the current project by selecting Close from the File
menu. If CodeWarrior isn’t running, launch it by selecting Programs
from the Start menu, then selecting CodeWarrior from the Programs
menu, then selecting CW IDE. Either way, next select Open from the
File menu. Go into the Learn C++ Proj ect s directory, open the
subdirectory named 08. 01 - readMe, and open the project file
named r eadMe. cwp. Next, runr eadMe. cwp 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.

Let’s take a look at the source code.
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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 contains
the declarations of the i f st r eam and of st r eam classes (take
some time and look through this include file; you'll learn a lot about
the nooks and crannies of i 0st r eam file management):

#i ncl ude <i ostream h>
#i ncl ude <fstream h>

mai n( ) starts by defining ani f st r eam object named r eadMg,
asking the constructor to open the file named My Fi | e with the de-
fault mode of i 0s: : i n:

int main()

{
ifstream readMe( “MW 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 a whi | e loop that reads the contents from the file asso-
ciated with r eadMg, one character at a time. Each time a character is
successfully read, it is written out to the console. Notice that the

i f stream objectr eadMe is used just like thei st r eamobject ci n
when it comes to calling get (), which is true for all of the other

i st r eam member functions as well:

while ( readMe.get( c ) )
cout << c;

return O;
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You may be wondering how this loop ever terminates. Since get ()
returns ani st r eam reference, how willr eadMe. get ( ¢ ) ever

evaluate to false? The answer to this question lies in understanding
the i ostr eam state bits.

The iostream State Bits

Every stream, whether ani st r eam or anost 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

};

i 0st r eamuses these bits to indicate the relative health of their asso-
ciated 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. Basi-
cally, 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();
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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 example,
an input operation might fail if you try to read a shor t but encoun-
ter a text string instead.

The function

int  bad();

returns 1 if the last operation fails and the stream appears to be cor-
rupted. When bad() returns 1, you're in deep guacamole.

Finally, the function

void clear( int newState=0 );

is used to reset the state bits to the state specified as a parameter. In
general, you should call cl ear () without specifying a parameter.
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.)

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.
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The Coolness of good()

Now comes the cool part. In the program r eadMe. cp, we encoun-
tered a whi | e loop that used an i ost r eam function as its condi-
tional expression:

while ( readMe.get( c ) )
cout << c;

What caused this whi | e loop to exit? r eadMe. get ( ¢ ) returns a
reference to r eadMg, correct? Actually, this is where the C++ com-
piler displays a little sleight of hand. When the compiler detects an
i ostreamlI/O function used where an i nt is expected, 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 eam state bits and state bit functions. Close the cur-
rent project by selecting Close from the File menu. Select Open from
the File menu, go into the Learn C++ Proj ects directory, open
the subdirectory named 08. 02 - stateBits, and open the
project file named st at eBi t s. cwp. Next, runstat eBi ts. cwp
by selecting Run from the Project menu. Here’s what you'll see:

Type a nunber:

Type a number small enough to fit inside a shor t, like 256:

Type a nunber: 256

When you hit a return, st at eBi t s will tell you what your number
is and then ask you to type another:
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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 0 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. .

Let’s take a look at the source code.

The stateBits Source Code

stat eBi ts. 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.

I nt mai n()

{

char done = fal se;

220 Learn C++ under Windows 95/NT



Inside iostream
The iostream State Bits

Warning

char c¢;
short nunber:

Note that done acts as a Boolean logic operator. When it is set to
t r ue, the loop exits. ¢ and nunber are used to hold data read from
the console.

Some C++ environments declare true and false; others don't.
Since true and false aren’t technically part of the C++ language,
be prepared to add them to your header files. CodeWarrior 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: “;
ci n >> nunber;

If a number appropriate for a short is typed at the prompt,
ci n. good( ) returns true:

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 << “Goodbye...”;
done = true;
}
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Detail

el se
cout << “Your nunber is: “ << nunber
<< H\n\ n";

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 call cl 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 character
as a number, this read won't fail. Having read in the offending char-
acter, we display it, along with an appropriate message on the con-
sole:

cin.get( c );
cout << ¢ << “ is not a nunber...”;
cout << “Type 0 to exit\n\n”;

}

This example implements a pretty simple-minded recovery algo-
rithm. If you typed in something like xxzzy, the loop would fail five
times since you knock out only a single character with each recov-
ery. You might want to try your hand at a more sophisticated ap-
proach. For example, you might use ci n. i gnor e() to suck in all
the characters up to and including a carriage return. Better yet,

222 Learn C++ under Windows 95/NT



Inside iostream
More File Info

you might use ci n. get () to read in the remainder of the offend-
ing characters and then package them in an appropriate error
message.

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!!! CGotta go...”;
done = true;
}
}
return O;

More File Info

Earlier, thei f st r eam constructor was used to open a file for read-
ing:

ifstream readMe( “My File” );

In the same way, the of st r eam constructor can be used to open a
file for writing;:

ofstreamwiteMe( “My File” );

Writing Data to a File

The of st r eam constructor takes two parameters, with i 0s: : out
used as the default nnde parameter. Note that you can pass more
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than one node flag at a time. To open a file for writing if the file
doesn’t already exist, try something like this:
ofstreamwiteMe( “My File”, ios::out
| 1o0s::nocreate );
Refer back to the table in Figure 8.2 for the rest of the mode flags.
Detail There is a way to open a file for both reading and writing. Use the
f st r eamclass and pass both thei os: :inandi os:: out mode
flags, like this:
fstream i NAndQut ( “Read and Wite”, ios::in
| 1os::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 r eam 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 support
a library known as streams, a predecessor to iostream.

<st ream 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 eam and
of st r eam destructors automatically close the file attached to their
associated stream.

You can also create an i f st r eam or of st r eam without associat-
ing 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
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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 17 );

/'l Read contents - be sure to include error
/'l checki ng!

readMe. cl ose();

readMe. open( “File 2" );

/!l Read contents - be sure to include error
/' checki ng!

readMe. cl ose();

/'l Repeat this as necessary...

read( ), write( ), and Others

There are somei st r eam member functions that are particularly
useful when dealing with files. The member functionr ead() reads
ablock 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 f ai | 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 () inserts a block of si ze bytes from
the buffer pointed to by dat a:
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Customizin

ostream &wite(const void *data, size t size);

The member function ost r eam : pcount () returns the number of
bytes inserted by the precedingwri t () call:

size_t pcount();

g iostream

There are times when the standard operators and member functions
of i ostr eam just don’t cut it. For example, remember the
Menul t emclass we declared in Chapter 7:

cl ass Menul tem
{
private:
float price;
char nane[ 40 ];

publi c:
Menultem : Menulten( float itenPrice,
char *itenmNane );
fl oat Menultem : GetPrice();

H

Suppose you want to display the contents of a Menul t emusing

I ostream You can write a Di spl ayMenul t en( ) member func-
tion that takes advantage of i ost r eam but that is somewhat awk-
ward. 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: “;
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nyltem Di spl ayMenul ten();
cout << “...\n";:

Wouldn't it be nice if i oSt r eam knew about Menul t ems so that
you could do something more convenient, like this:

cout << “Today’s special is:
“o.o\n”;

<< nyltem <<

Why, there is a way to do this, after all! Using the techniques cov-
ered 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 a Menul t em
The only restriction on both of these cases is that your >> and <<
overloading functions must return the appropriate stream reference
so that you can use the >> and << operators in a sequence.

An >>and << Overloading Example

Our next sample program extends the ost r eam and i stream
classes by adding functions that overload both >> and <<. Close the
current project by selecting Close from the File menu. Select Open
from the File menu, go into the Learn C++ Proj ects directory,
open the subdirectory named 08. 03 - over| oad, and open the
project file named over | oad. cwp. Next, run over| oad. cwp 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)

Let’s take a look at the source code.
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The overload Source Code

over | oad. cp starts with some familiar #i ncl udes and a const
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 ini-
tializing the data members when a Menul t emis created, i ost r eam
is used to read in a series of Menul t ems from a file and initialize
each data member using the newly added Set Nane() and

Set Pri ce() member functions:

cl ass Menultem

{
private:
fl oat price;
char nanme[ kMaxNanmeLength ];
public:
voi d Set Nane( char *itenNane );
char *Get Nanme() ;
voi d SetPrice( float itenPrice );
fl oat CGetPrice();
1

Set Nane( ) is used to set the value of the nane data member:

void Menultem: Set Nane( char *itemNane )
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{
strcpy( nanme, itenNane );

}

Cet Nane( ) returns a pointer to the nanme data member. By giving
the caller of this publ i ¢ function direct access to namne, we're sort of
defeating the purpose of marking nane as pri vat e. A more appro-
priate approach might be to have Get Name() return a copy of
name. For the purposes of discussion, the version of Get Name()
shown next will do:

char *Menultem : Get Nane()
{

return( name );

}

Set Pri ce() is used to set the value of the pri ce data member:

void Menultem:SetPrice( float itenPrice )
{

price = itenPrice;

}

Get Pri ce() returns the value of the pri ce data member:

fl oat Menultem : Get Price()
{

return( price );

}

The oper at or >>( ) function is called by the compiler whenever the
>> operator is encountered having ani st r eam as its left operand
and a Menul t emas its right operand. Since all >> sequences are re-
solved to i st ream references, the left operand is always an
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i st r eam object. To make this a little clearer, imagine an >> se-
quence with several objects in it:

cin >> a >> b;

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 ani st r eam object, the expression
ci n >> aresolves 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 eam object.

The point is, whether i st r eam or ost r eam all an oper at or ()
function needs to do to support sequences is to return the stream
reference passed in as the first parameter:

I I ostream operators

I stream &operator>>( istream & s, Menultem & tem)

{

float itenPrice;
char itenmNane|[ kMaxNanmeLength ];
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oper at or >>() reads a single Menul t emobject from the specified
input stream. First, get | i ne() is used to read the item’s name. No-
tice that the second parameter to get | i ne() is used to limit the
number of characters read in, ensuring thati t emName doesn’t ex-
ceed its bounds. Set Nane( ) is used to copy the entered name into
the nanme data member:

is.getline( itenmNane, kMaxNanelLength );
item Set Name( itenmNane );

Then, >> is used to read the item'’s price intoi t enPri ce, and
Set Pri ce() is used to copy i t enPri ceinto the pri ce data mem-
ber:

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 re-
turned, 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 &os, Menultem & tem)

Learn C++ under Windows 95/NT 231



Inside iostream
Customizing iostream

{
0s << item GetNane() << “ (%"

<< item GetPrice() << “) “;

Once again, the stream passed in as the first parameter is returned:

return( os );

}

mai n() declares ani f st ream object 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 nt mai n()

{

i fstream readMe( “Menu ltens” );

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 any-
thing 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”;
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Detail

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 oper at 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 nai n()—and not changing
the two oper at or () functions—you can easily change the pro-
gram 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 ostream

Formatting Your Output

Detail

In the preceding program, we overloaded the << operator so that we
could display a Menul t emprecisely the way we wanted it to ap-
pear. 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
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data is inserted, the insertion is exactly as wide as the number in-
serted, including space for a sign, if applicable. No padding char-
acters are used.

When a f | 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 nota-
tion is used. Again, room is made for a sign, if applicable. For ex-
ample, 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 including any null
terminator, takes up one character position.

The Formatting Flags

The i 0s class maintains a set of flags that control various formatting
features. You can use the i 0s member functions set f () and
unset f () to turn these formatting features on and off. Each feature
corresponds to a bit in a bit field maintained by the i 0s class.

Some features are independent, while others are grouped together.
For example, the flag i 0s: : 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
/'1'input
cin.unsetf( ios::skipws ); // Don’t skip whitespace
/'l on input
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By the Way

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:

int nyFl ags;

nyFlags = cout.flag(); // returns flag bitfield
nyFlags | = i1o0s::skipws; // ORs in skipws flag
cout.flag( nmyFlags ); // resets flags

Unless you really need to work at this level, you're better off stick-
ing with set f () and unset f (). Just thought you'd like to see the
whole picture.

Turning independent flags on and off individually is no problem,
but things get interesting when flags are grouped. For example, the
radix flags determine the default base used to represent numbers in
output. The radix flags are dec, oct, and hex, representing deci-
mal, 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 un-
predictable results.

To handle grouped flags, set f () makes use of a second, optional
parameter that indicates which group a flag belongs to. For exam-
ple, 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, io0s::basefield);

This call ensures that when the specified flag is set, the remainder of
the fields in the group get unset.

The grouped flags| eft, right, andi nternal are part of the
adj ustfi el d group. They are used in combination with the

wi dt h() member function. wi dt h() determines the minimum
number of characters used in the next numeric or string output op-
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eration. If the | ef t flag is set, the next numeric or string output op-
eration appears left-justified in the currently specified wi dt h(). The
output is padded with the currently specified fi I | () character.
Youcanusefill () tochange this padding character. An example
should make this formatting feature clearer.

A Formatting Example

Close the current project by selecting Close from the File menu. Se-
lect Open from the File menu, go into the Learn C++ Proj ects
directory, open the subdirectory named 08.04 - formatter,
and open the project file named f or nat t er . cwp. Next, run
formatter.cwp by selecting Run from the Project menu. Here’s
what you'll see:

*****'_bl | 0

Let’s take a look at the source code.

The formatter Source Code

formatter. cp starts with the standard #i ncl ude:

#i ncl ude <i ostream h>

mai n() starts by displaying the number 202 in the console window:

int main()

{

cout << 202 << ‘\n’;
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By the Way

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 fi | | () is
used to make x the padding character:

cout.width( 5 );
cout.fill( “x );

Remember, Wi dt h() applies only to the very next string or numeric
output operation, even if it is part of a sequence. The padding char-
acter 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, the | ef t flag is set, asking i ost r eam to left-justify the out-
put 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

Then, wi dt h() is pumped up to 10, fi I | () is changed to =, and
the i nt er nal flagis set. The i nt er nal flag asksi ost reamto

place padding in between a number and its sign, if appropriate, so
that it fills the wi dt h() field:
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cout.width( 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 I | () issetto*, and theri ght flag is set to right-
justify the output:

cout.width( 10 );
cout.fill( “*" );
cout.setf( ios::right, ios::adjustfield );

cout << “Hello”;

return O;

When the string “ Hel | 0” is printed, this line of output appears:
*k k%% l_bl | o)

More Flags and Methods

The showbase flag is independent. If it is set, octal numbers are dis-
played with a leading zero and hex output appears with the two
leading characters Ox. 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 caseis set, E
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rather than e is used in scientific notation and X rather than x is
used in displaying hex numbers. If showpos is set, positive num-
bers appear with a leading +.

The sci entificandfi xedflags belong to thefl oatfi el d
group. If sci enti fi c is set, scientific notation is used to display
floating-point output. If f i Xxed 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 xedor sci entific:

cout.setf( O, ios::floatfield );

Both the fi xedand sci enti fic 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 ); /'l The default for
/| precision...

Finally, theuni t buf and st di o flags are related but not grouped. If
uni t buf is set, the output buffer is flushed after each output opera-
tion. st di o, which is only for folks using C I/O, flushes st dout
and st der r after every insertion.

Using Manipulators

I ost r eamprovides a set of special functions known as manipula-
tors 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;
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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 imme-
diately 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 manipula-
tor can be called in several different ways. Here are two more exam-
ples, each of which calls the f | ush manipulator:

cout.flush(); // Call as a stream nenber function
flush( cout );// Call with the streamas a
/ | par anet er

Use whichever form fits in with the I/ O sequence you are currently
building. If you plan on calling any manipulators that take parame-
ters, be sure to include the file <i omani p. h> In addition, some

i ost r eam implementations require you to link with the mat h li-
brary to use certain manipulators. Check your development envi-
ronment 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 nul | character in its out-
put 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 parameters. The
six remaining to be discussed all take a single parameter 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 (int f)isamanipulator version of thefill () member
function. set preci si on(i nt p)is the manipulator version of
preci sion().setw(int w) is the manipulator version of
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wi dt h().setiosfl ags(long f)isthe manipulator version of
setf().resetiosflags(long f)isthe 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;

produces this line of output:

102. 12

Istrstream and ostrstream

If you've ever worked with the C st di o functionsprintf (),
you'll recognize a similar feature in C++.spri nt f () allows you to
perform all the standard I/O functions normally associated with
printf()andfprintf()onanarray of characters.

Thei stringstream and ost ri ngstream classes offer all the
power of their ancestor classes (i st r eamand ost r eamand, ulti-
mately, i 0S) and allow you to write formatted data to a buffer that
you create in memory. Here’s an example.
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A sstream Example

Close the current project by selecting Close from the File menu. Se-
lect Open from the File menu, go into the Learn C++ Proj ects
directory, open the subdirectory named 08.05 - strstream
and open the project file named st r st r eam cwp. Next, run
strstream cwp by selecting Run from the Project menu. Here’s
what you'll see:

Nunber of characters witten: 26
Buf fer contents: abcdef ghij kl mopqr st uvwxyz

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 thei st ri ngst ream and
ostringstream classes, <sstream h>

#i ncl ude <i ostream h>
#i ncl ude <sstream h>

The constant kNurber of Let t er s is used to define the number of
characters that will be added to the buffer that makes up the
ostri ngst r eamobject:

const short kNumberoflLetters = 26;

mai n() first defines the ost ri ngst r eanobject and a variable i
that is used to keep track of the number of characters written to the
ostringstream
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{

ostringstream ostr;
short i

Next, a f or loop uses 0st r just as it would use cout, writing
kNumberofLetters characters to the stream. When the loop exits, 26
characters, from a to z, have been written to the stream’s buffer:

for (i =0; i < kNunberOfLetters; i++ )
ostr << (char)('a" + i);

Now, the number of characters written to the stream is displayed:

cout << “Nunmber of characters witten:
<< | << ‘\n’;

Here’s the output generated by the previous line of code:

Nunmber of characters witten: 26

Finally, the contents of the stream are printed:

cout << “Buffer contents: “ << ostr.str();

return O;

The previous line of code results in this line of output:

Buf f er contents: abcdefghij kl mopqgr st uvwyz
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Summary
Just as an 0st r i ngst r eamobject mirrors the behavior of cout,
you can create a similar example, using ani St ri ngst r eam object,
that mirrors the behavior of ci n.
Together, i stringstreamand ost ri ngst r eamgive you a pow-
erful set of tools to use when you work with strings in memory.
Summary

i ost r eam offers you a significant capability. You can use the
classes and member functions provided to build an ample user in-
terface for your programs. In the event that you're working with a
class library that provides a more sophisticated, graphical user in-
terface, you can still use i ost r eam to 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 ostream there’s no substitution for a thorough reading of the
i ost r eamincluded files. You'll find complete listings of the four
included files <i ostream h>, <fstream h>,

<i omani p. h>, and <sst r eam 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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C++ Potpourrl

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.

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 ts is
implemented:

class Array
{
private:
short arraySize; // Nunber of array el enments
short *arrayPtr; // Pointer to the array

publi c:
Array( short size ); // Allocate an array
/'l of size shorts
~Array();// Delete the array

b

In this class, the constructor allocates an array of arr aySi ze ele-
ments, 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
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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 ex-
tend the class further by adding a bounds-checking feature.

This Ar r ay class works just fine as long as an array of shor t s meets
your needs. What happens when you decide that an Ar r ay of

shor ts 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 Ar r ay class
(member functions and all) and change it slightly to implement an
array of the appropriate type. For example, here’s a version of the
Arr ay class designed to work with an array of | ongs:

cl ass LongArray
{
private:
short arraySize; // Nunmber of array elenments
|l ong *arrayPtr; // Pointer to the array

public:
LongArray( short size ); // Allocate an
/'l array of size |ongs
~LongArray( void );// Delete the array

b

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 Ar r ay class. Are you going to make the same change to the
LongAr r ay class?

The Templates Approach

C++ templates allow you to parameterize the data types used by a
class or function. Instead of embedding a specific type in a class dec-
laration, you provide a template that defines the type used by that
class. An example should make this a little clearer.
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Here’s a templated version of the Ar r ay class presented earlier:

tenpl ate <class T>
cl ass Array

{
private:
short arraySi ze; // Nunber of array elenments
T *arrayPtr; // Pointer to the array
publi c:
Array( short size ); [// Alocate an
/'l array of size T's
~Array( void ); /'l Delete the array
1

The keyword t enpl at e tells the compiler that what follows is not
your usual, run-of-the-mill class declaration. Following the key-
word t enpl at eis a pair of angle brackets that surround the tem-
plate’s template argument list. This list consists of a series of
comma-separated arguments (one argument is the minimum). Each
argument is made up of the keyword cl ass followed by the argu-
ment name. In this case, the template argument list contains a single
argument, T. Throughout the body of the class declaration that fol-
lows, the template arguments may be used as if they were data
types. In the Arr ay class, T is used to declare the data member
arrayPtr.

Declaring an Object Using a Template

Once your class template is declared, you can use it to create an ob-
ject. 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 );
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The compiler uses the single parameter, | ong, to convert the Ar r 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 <cl ass Abl e, class Baker>
cl ass Myd ass

{
publi c:
MyCl ass( Able param);
~MyC ass( void );
Baker Menber Functi on( Baker param);
1

This template takes two arguments. The first, Abl e, is used to de-
clare 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 Merber Funct i on( ) parameter.

Here’s a definition of a MyCl ass object:

MyCl ass<l ong, char *> nyQbj ect ( 250L );

Take a look at the template arguments. The first, | ong, will be sub-
stituted for Abl e. The second, char *, will be substituted for
Baker.

248 Learn C++ under Windows 95/NT



C++ Potpourri
Templates

Detail

Function Templates

The template technique can also be applied to functions. Here’s an
example of a function template declaration:

tenpl ate <class T, class U>
T MyFunc( T paraml, U paran® )
{

T var1l,

U var 2;

As you’d expect, the declaration starts with the t enpl at ekeyword,
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 func-
tion’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.

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():

tenpl ate <class T, class U>
T MyFunc( T paraml, U paran® );
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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 parantl );

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 *paranml );

Suppose this function template were called as follows:

char *s;

MyFunc( s );

In this case, the type char * would be matched against the tem-
plate argument type T *. Again, an instantiation is created, but this
time the type char is substituted for T.
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In the case where more than one parameter is used, the type-match-
ing 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 MFunc( T paranl, T paran? );

This call of MyFunc() won’t compile:

short i;
i nt i

MyFunc( i, | );

First, the compiler matches the first parameter and determines that
Tis ashor t. When the compiler moves on to the second parameter,
it finds that T should be an i nt. Even though an i nt and a short
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 func-
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tion is called. If no match is found, the regular template-matching
process is started.

A Template Example

Our first sample program provides a basic demonstration of class
and function templates. If CodeWarrior is already running, close the
current project by selecting Close from the File menu. If CodeWar-
rior isn’t running, launch it by selecting Programs from the Start
menu, then selecting CodeWarrior from the Programs menu, then
selecting CW IDE. Either way, next select Open from the File menu.
Go into the Learn C++ Proj ect s directory, open the subdirec-
tory named 09.01 - tenpl at e, and open the project file named
t enpl at e. cwp. Next, runt enpl at e. cwp by selecting Run from
the Project menu. Here’s what you'll see:

i ndex out of bounds(10)

nyRay[ 0] : 1
nyRay[1]: 4
nyRay[ 2] : 16
nyRay[ 3] : 64

nyRay[ 4] : 256
nyRay[ 5] : 1024
nyRay[ 6] : 4096
nmyRay[ 7] : 16384
nyRay[8]: O
nmyRay[9]: O
myLongRay[ 0] : 1
nyLongRay[ 1] : 4
nmyLongRay[ 2] : 16
nyLongRay[ 3] : 64
nmyLongRay[ 4] : 256
nyLongRay[ 5] : 1024
nmyLongRay[ 6] : 4096
nyLongRay[ 7] : 16384
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nyLongRay[ 8] : 65536
nmyLongRay[ 9] : 262144

Let’s take a look at the source code.

The template Source Code

As usual, t enpl at e. cp starts by including <i ost r eam 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 Ar r ay. Ar r ay imple-
ments an array of type T, where T is the template’s single argument:

tenpl ate <class T>
cl ass Array

Ar r ay features three data members, all of them pri vat e.
arraySi zeis the number of elements in the array; arr ayPt r
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 *arrayPtr;
T err or Ret Val ue;
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The Ar r ay() constructor allocates memory for the array, the de-
structor deletes the allocated memory, and oper at or [ ] () is used
to implement bounds checking:

public:
Array( short size );
~Array();
T &operator[]( short index );

b

In the following code, notice the format used to define a class tem-
plate member function. The function starts with the t enpl at e key-
word, 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 ar r aySi ze.
Then, an array of Si ze elements of type T is allocated. Finally,
err or Ret Val ue isinitialized to zero:

{
arraySi ze = si ze;
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 arr ayPt r
(without the [ ] operators, the destructor is called only for the first
element of the array; while this is not particularly interesting in the
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case of an array of shor ts, it is vital in working with an array of ob-
jects having a specific destructor):

tenpl ate <class T>
Array<T>::~Array()
{

delete [] arrayPtr;

}

oper at or [ ] () is called whenever an Ar r ay element is accessed
via the [ ] operators. oper at or [] () first checks to see whether the
index is out of bounds. If it is, an error message is printed and the
pseudo-element, er r or Ret Val ue, is returned (by placing an un-
usual value in er r or Ret Val ue, you can clue the calling code to
the fact that the array reference was illegal if printing an error mes-
sage 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
<< H)\n”;
return( errorRetVal ue );
}

If the index is in bounds, the appropriate element of the array is re-
turned:

el se
return( arrayPtr[ index ] );
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The next function in the source code is the templated function
Power (). As you can see, Power () is declared using the t enpl at e
keyword and a single template type, T. Power () takes two parame-
ters of type T and returns a value of type T (the key here is that the
type of the two parameters must match exactly):

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 );

}

mai n( ) starts by defining a short version of Array and al ong
version of Ar r ay (you could have declared a class named
Er aser Head and used Ar r ay to create an array of Er aser Heads):

int main()

{
Array<short> nyRay( kNuntl enents );
Array<l ong> nmyLongRay( kNunEl enents );
short i, shortBase = 4;
| ong | ongBase = 4L;
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This loop fills the short array with consecutive powers of 4:

for ( i=0; i<=kNuntl enents; i++ )
nmyRay[ I ] = Power( shortBase, i );

Wheni is equal to KNunEl 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 shor t array:

for ( 1=0; i<kNunklenents; i++ )
cout << “nyRay[“ << i << *]: * << nyRay[ i ]
<< H\n”;

Here’s the output:

nmyRay[0]: 1
nmyRay[1]: 4
nyRay[ 2] : 16
nyRay[ 3] : 64

nyRay[ 4] : 256
nyRay[ 5] : 1024
nmyRay[ 6] : 4096
nyRay[ 7] . 16384
nmyRay[8]: O
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myRay[9]: O

By the time we get to Power ( 4, 8 ) we’ve reached the limits of a
signed shor t. 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++ )
nyLongRay[ i ] = Power( |ongBase, (long)i );

We print a separator line and then print the elements of the | ong ar-

ray:
cout << “----\n";
for ( i=0; i<kNunEl enents; i++ )

cout << “myLongRay[“ << i
<< "]: * << nyLongRay[ i ] << “\n”;

return O;

Here’s the output:

nmyLongRay[0]: 1
nyLongRay[ 1]: 4
nyLongRay[ 2] : 16
nyLongRay[ 3] : 64
nyLongRay[ 4] : 256
nyLongRay[ 5] : 1024
nmyLongRay[ 6] : 4096
nmyLongRay[ 7] : 16384
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nyLongRay[ 8] : 65536
nmyLongRay[ 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 parameterized util-
ity classes. For example, you'll probably want to create a linked-list
template that you can customize to link up objects of varying types.

Multiple Inheritance

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 special types
of Conput er s, each inheriting the nonprivate members 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. Multiple
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.
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Manufacturer
ProcessorSpeed

Color Carmputer Laptop Computer
Manufacturer Manufacturer
ProcessorSpeed ProcessorSpeed
ColorDepth ScreenSize
ColorModel CaseDimensions
I |
1

Manufacturer

ProcessorSpeed

ColorDepth

ColorModel

ScreenSize

CaseDimensions

Figure 9.1  Multiple inheritance (the boldfaced data members are
inherited).

Warning Just as with single inheritance, there are times when multiple in-
heritance makes sense and times when it is inappropriate. Use the
“is @” rule to guide your design. If the derived class “is a” subset of
the base class, derivation is appropriate. In our preceding exam-
ple, a Col or Conmput er “is a” Conput er and a Lapt opConput er
“is @” Conmput er. At the same time, a Col or Lapt opis both a
Col or Conput er and a Lapt opConput er. This model works just
fine.

Let's look at another example. Imagine a Dat e class and a Ti me
class. The Dat e class holds a date, like 07/27/94, while the Ti ne
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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 e classes. Would this make sense?

The answer is no! A Ti neSt anpis nota Dat e and itis nota Ti ne.
Instead, a Ti neSt 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 meSt anp class
should include Dat e and Ti ne objects as data members, rather
than using multiple inheritance.

“Is a” indicates inheritance. If “has a” describes the relationship be-
tween your derived and base classes, rethink your design.

A Multiple Inheritance Example

Our second sample program demonstrates multiple inheritance as
well as a few additional C++ features that you should find interest-
ing. Close the current project by selecting Close from the File menu.
Select Open from the File menu, go into the Learn C++ Proj ects
directory, open the subdirectory named 09.02 - nultlnherit,
and open the project file named rmul t | nheri t. cwp. Next, run

mul t | nherit. cwp by selecting Run from the Project menu. Here’s
what you'll see:

Favorite prey: Mce

Favorite toy: Ball of yarn
cat1 D 1

Favorite prey: Crickets
Favorite toy: Bottle cap

catI D 2

Favorite prey: Moths

Favorite toy: Spool of thread
catI D 3
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Cat destructor called: catlID = 3...
Pet destructor was call ed!
Predat or destructor was call ed!

Cat destructor called: catlID = 2. ..
Pet destructor was call ed!
Predat or destructor was call ed!

Cat destructor called: catlID = 1...
Pet destructor was call ed!
Predat or destructor was call ed!

Let’s take a look at the source code.

The multinherit Source Code

mul tiinh. cp starts off with a few #i ncl udes and a familiar
const:

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

const short kMaxStringLength = 40;

Next, three classes are defined. The Pr edat or class represents 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 mem-
ber, a string containing the predator’s favorite prey:

I R LT Pr edat or

cl ass Predat or

{

private:
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char favoritePrey[ kMaxStringLength ];

The Pr edat or class also features a constructor and a destructor:

public:
Predator( char *prey );
~Pr edat or () ;

b

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 << “\n”;

The destructor prints an appropriate message, just to let you know it
was called:

Predat or: : ~Predat or ()

{

cout << “Predator destructor was called!'\n\n";

}

The Pet class is almost identical to the Pr edat or class, with a fa-
vorite toy substituted for a favorite prey:

cl ass Pet
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{
private:
char favoriteToy[ kMaxStringLength ];
publi c:
Pet ( char *toy );
~Pet () ;
3

Pet::Pet( char *toy )

{
strcpy( favoriteToy, toy );

cout << “Favorite toy:
<< toy << u\nn;

}

Pet:: ~Pet ()
{

cout << “Pet destructor was called!'\n”;:

}

The Cat class is derived from both the Pr edat 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:

[]mmmmm oo - 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 that use-
ful, if we were talking about Enpl oyees or Conput er s, a unique
employee ID or serial number can be an important part of your class
design.
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Detail

Notice that the second data member, | ast Cat | D is declared using
the st at i c keyword.

{

private:
short cat |l D;
static short lastCatlD;

Static Members

When you declare a data member or member function as st ati c,
the compiler creates a single version of the member that is shared by
all objects in that class.

Why do this? st at i ¢ members can be very useful. Since ast ati c
data member is shared by all objects, you can use it to share infor-
mation 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 espe-
cially true if the static member is declared as pri vat e or pr o-
tect ed.

In this case, | ast Cat | D is 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 st at i ¢ data member is just that, a declaration.
When you declare a st at i ¢ within a class declaration you need to
follow it up with a definition in the same scope. Typically, you'll fol-
low your class declaration immediately with a definition of the

st at i ¢ data member, like this:

short Qoj ect: : | ast Obj ect| D
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If you like, you can use this definition to initialize the st at i ¢ mem-
ber.st at i ¢ data member scope is limited to the file it is declared in.
Detail 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 a

st at i ¢ member function. Again, the function is not bound to a par-
ticular object and is shared with the entire class. If the class

MyCl assincluded a st at i ¢ member function named MyFunc(),
you could call the function using this syntax:

MyC 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 mem-
bers or member functions must be done through an object.

st at i ¢ member functions are usually written for the sole purpose
of providing access to an associated st at i ¢ data member. To en-
hance your design, you might declare your st at i ¢ data member as
pri vat e and provide an associated st at i ¢ member function
marked as publ i c or pr ot ect ed.

Back to multinherit

The Cat class has a constructor and a destructor:

public:
Cat( char *prey, char *toy );
~Cat () ;
1

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 constructors.
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Definition

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 pre-
cedes a constructor’s member initialization list.

Next, | ast Cat | Dis incremented and the new value assigned to
cat | D Then, the new ID and a separator line are printed:

{
catI D = ++l astCatl D;
cout << “catlD “ << catlD
<< *\p-------- \n";
}

The Cat destructor also prints a message containing the cat | D just
to make the program a little easier to follow:

Cat::~Cat ()
{

cout << “Cat destructor called: catlD = *
<< catlD << “...\n";

Next, the static member | ast Cat | Dis defined. Without this defini-
tion, the program wouldn’t compile. Notice also that we take ad-
vantage of this definition to initialize | ast Cat | D

short Cat::lastCatlD = O;
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st at i ¢ data members, just like C++ globals, are automatically ini-
tialized 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 con-
structor and destructor calls. Just as in Chapter 6’s gr anps pro-
gram, the destructors are called in the reverse order of the
constructors.

int main()

{
Cat TC( “Mce”, “Ball of yarn” );
Cat Benny( “Crickets”, “Bottle cap” );
Cat Meow “Moths”, “Spool of thread” );

return O;

Resolving Ambiguities

Deriving a class from more than one base class brings up an interest-
ing problem. Suppose the two base classes from our previous exam-
ple, 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 mem-
ber cl one. Now suppose that a Cat object is created, derived from
both Pr edat or and Pet . When this Cat refers to cl 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 re-
ferred to just plain cl one because it can’t resolve this ambiguity. To
get around this problem, you can access each of the two ¢l ones by
referring to
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Figure 9.2

Predator:: cl one

or

Pet:: cl one

Here’s another interesting problem brought on by multiple inherit-
ance. 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 .

Since Der i vedis derived from both Basel and Base2, when a
Der i ved object is created, Basel and Base2 objects are created as
well. When the Basel object is created, a Root object is created.
When the Base2 object is created, a second Root object is created.

Why is this a problem? Suppose Root contains a data member des-
tined to be inherited by Der i ved. When Der i vedrefers to the Root
data member, which of the two Root objects contains the data mem-
ber Der i ved is referring to? Sounds like another ambiguity to me.

oot

Derived

Four classes in a derivation chain.

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 from the File
menu. Select Open from the File menu, go into the Learn C++
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Proj ects directory, open the subdirectory named 09. 03 -
nonVi rtual , and open the project file named nonVi r t ual . cwp.
Now, runnonVi rt ual . cwp by selecting 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 call ed

Let’s take a look at the source code.

The nonVirtual Source Code
Asusual, nonVirtual . cp starts by including <i ost r eam h>:

#i ncl ude <i ostream h>

nonVi r t 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:

cl ass Root

{
publi c:
Root () ;

b

Root : : Root ()
{

cout << “Root constructor called\n”;

}
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Basel is derived from Root . Its constructor also prints a useful
message:

cl ass Basel : public Root

{
publi c:
Basel();

b

Basel: : Basel()
{

cout << “Basel constructor called\n”;

}

Base2 is also derived from Root . Its constructor also prints a mes-
sage in the console window:

cl ass Base2 : public Root

{
public:
Base2();

b

Base2: : Base2()
{

cout << “Base2 constructor called\n";

}

Der i vedis 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:

Learn C++ under Windows 95/NT 271



C++ Potpourri
Resolving Ambiguities

cl ass Derived : public Basel, public Base2

{
public:

Derived();
b

Deri ved: : Derived()
{

}

cout << “Derived constructor called\n”:

mai n() starts the constructor roller coaster by creating a Der i ved
object.

int main()

{
Derived nyDeri ved;

return O;

}

Since Basel is listed first in the Der i 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 Basel constructor is called, resulting in the following two lines
of output:

Root constructor call ed
Basel constructor call ed
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Next, this process is repeated as a Base2 object is created. Since
Base2is 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 call ed
Base2 constructor call ed

Once the Base2 object is created, control returns to the Der i ved
class and the Der i ved constructor is called:

Deri ved constructor call ed

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 Deri ved
object access the data member? Which of the two Root objects
would contain the real copy of the data member?

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 func-
tion as vi 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 deri-
vation 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. Suppose you're
writing a program that implements a window-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 sub-
panes. When the time comes to draw the contents of your window,
your W ndowclass’s Dr aw( ) member function is called. If your
Pane class also has a Dr aw( ) member function and if the W ndow
version of Dr aw( ) is declared as vi rt ual , the Pane’s Draw() is
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called instead.

This same logic applies to your SubPane class and its Dr aw( )
function. Ifitis derived from Pane, the SubPane’s Dr aw( ) is called
instead of the Pane’s Dr aw( ) . 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 Base2 were derived from Root . Finally, 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 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 become 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 Der i ved as long as the compiler has
no path between Root and Der i ved that doesn’t contain at least
one Vi rt ual reference. The general strategy is to mark all direct de-
scendants of the virtual base class. In this case, we’d need to place
the vi r t ual keyword in both the Basel and Base2 member ini-
tialization lists.

Here’s an example:

cl ass Basel : public virtual Root

{
public:
Basel();
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b

The vi r t ual keyword can appear either before or after the publ i ¢
keyword.

Once the vi rt ual keywords are in place, the compiler ignores all
member initialization list references to the Root class constructor
except the deepest one. This sample Der i ved constructor includes a
reference to the Root constructor:

Derived: : Derived( short param) : Root( param)
{

cout << “Derived constructor called\n”;

}

Even if the Basel 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.

A Virtual Base Class Example

This next example brings these techniques to life. Close the current
project by selecting Close from the File menu. Select Open from the
File menu, go into the Learn C++ Proj ects directory, open the
subdirectory named 09. 04 - virtual, and open the project file
named vi rtual . cwp. Next, runvi rtual . cwp by selecting Run
from the Project menu. Here’s what you'll see:

Root constructor called
Basel constructor called
Base2 constructor called
Derived constructor call ed
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Let’s take a look at the source code.

The virtual Source Code

Asusual, vi rtual . 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

public:
Root ( short nunParam );

b

The Root () constructor takes a single parameter and uses it to ini-
tialize 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";

Baselis derived from Root, but it treats Root as a virtual base
class:
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cl ass Basel : public virtual Root

{
publi c:
Basel();

b

Notice that the Basel1() 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 :

cl ass Base2 : public virtual Root

{
public:
Base2();

b

The Base?2() 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";
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The Der i ved class doesn’t need the vi rt ual keyword (although it
wouldn’t hurt things if vi r t ual were used here):

class Derived : public Basel, public Base2
{
publi c:
Derived();
short Get Nun() ;

b

The Der i ved() 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 mai 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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mai n() creates a Der i ved object, causing a sequence of constructor
calls:

i nt mai n()

{
Deri ved nmyDeri ved;

Notice that the Root constructor is called only once:

Root constructor called
Basel constructor called
Base2 constructor called
Derived constructor call ed

Finally, the value of numis printed (drum roll, please):

cout << “------ \'n”
<< “num = *“ << nyDerived. Get Num() ;
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:
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Initialization Versus Assignment

When you think about initialization, you might think of a line of
code like this, where the variablei 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
toi:

shor t i

i = 21;

The point here is that the compiler thinks of initialization and as-
signment as two completely different operations. Every constructor
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 construc-
tion.

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 a const. This
code will compile:

const short kMaxNaneLength = 20;

This code won't compile:

const short kMaxNaneLengt h;
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kMaxNameLength = 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 nunmber = 20;
short &nunber Al i as = nunber;

This code, on the other hand, is destined for failure:

shor t &unberAlias; // Error: Mist be
[/ initialized!!

You can declare a class data member as a const or a reference type,

but beware! You can’t provide these data members their initial value

via an assignment statement. Instead, you must use the member ini-
tialization list to do your dirty work for you. Here’s an example:

cl ass Myd ass

{
private:
const short kMaxNanelLengt h;
short &nunber Al i as;
short nunber ;
publi c:
MyC ass( short constValue );
1

MyCl ass: : Myd ass( short const Val ue )
kMaxNanmeLengt h( const Val ue ),
nunber Al i as( nunber )
{
/1 kMaxNanmelLength is set to constVal ue
/'l nunber Al'i as references nunber
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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 initialization 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
nunmber. As you can see, the member initialization list is pretty use-
ful.

A Member Initialization List Example

Here’s a working version of the previous chunk of code. Close the
current project by selecting Close from the File menu. Select Open
from the File menu, go into the Learn C++ Proj ects directory,
open the subdirectory named 09.05 - init, and open the
project file named i ni t. cwp. Next, runi ni t. cwp by selecting
Run from the Project menu. Here’s what you'll see:

Before: nunmber = 10
After: nunber 20

Let’s take a look at the source code.

The init Source Code

Asusual, i nit.cp starts by including <i ost r eam h>:

#i ncl ude <i ostream h>

The declaration of My ass is pretty much the same as the one you
just saw. To simplify things, all the data members are declared as
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publ i c. Also, the constructor is filled out to make things a little
more interesting:

I B T I MyC ass
cl ass Myd ass
{
publi c:

const short kMaxNaneLengt h;

short &nunber Al i as;

short number ;

MyCl ass( short constVal ue );
i

The constructor takes a single parameter, a value used to initialize
our const variable. The member initialization list is used to initialize
kMaxNaneLengt h and nunber Al i as:

MyCl ass: : Myd ass( short const Val ue )
kMaxNanmeLengt h( const Val ue ),
nunber Al i as( nunber )

We start off by assigning number the value stored in
kMaxNamelLengt h:

{
nunber = kMaxNanelLengt h;

To prove that k MaxNaneLengt his initialized properly, we print out
the value in number:

cout << “Before: nunber =
<< number << “\n”;
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This results in the following line of output:

Before: nunmber = 10

Next, to prove that nunber Al i asreferences nunber,
nunber Al i asis incremented by 10:

nunber Al i as += 10;

Now, we print out the value of hunber 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:

I nt mai n()

{
Mydl ass nmyCbj ect( 10 );

return O;

}
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Memberwise Initialization

Detalil

In certain instances, a special form of initialization, known as mem-
berwise 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.

Memberwise initialization is a convenient way to make a copy of an
object. Here’s one way to do this:

Myd assobj 1( 20 );
MyCl assobj 2 = obj 1; // Uses nenberw se
/linitialization

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 parameter, the compiler cre-
ates a local copy of your parameter, using memberwise initializa-
tion 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 Name
class that holds someone’s first and last names:

cl ass Nane
{
private:
char *| ast;
char *first;
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public:
Name( char *firstParam char *|astParam);

b

Suppose also that the Narme() constructor allocates the memory for
| ast and f i r st, based on the size of the two constructor parame-
ters. This being the case, you might define a Nane like this:

Nanme your Aut hor( “Dave”, “Mark” );

What happens if you define a second Nane by using the member-
wise initialization syntax?

Name aCopy = your Aut 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 fi r st point to the same block of memory. If you del 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

MyCl ass( const MyCl 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
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current object into the object passed by reference as a parameter. If
the object to be copied contains any pointers, you may want to real-
locate 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 from the File menu. Select Open
from the File menu, go into the Learn C++ Proj ect s directory,
open the subdirectory named 09. 06 - nenber W se, and open
the project file named menmber W se. cwp. Next, run

menber W se. cwp by selecting Run from the Project menu. Here’s
what you'll see:

Original constructor. ..
Copy constructor. ..
Original constructor. ..
Nane: Dave Mark

Nanme: Dave Mark

Nane: Scott Knaster

Let’s take a look at the source code.

The memberWise Source Code

menber W se. cp starts by including <i ost r eam h>and
<string. h>

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

The Nane class includes two data members, | ast and first:

cl ass Nanme

{
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private:
char *| ast;
char *first;

The first Name () constructor is for regular Name objects; the second
constructor is our copy constructor:

publi c:
Nanme( char *firstParam char *|astParam);
Nane( const Name &original );

The destructor frees up the memory allocated for fi r st and | ast:

~Name() ;

The Di spl ay() function is used to display the data members of the
current Nane object:

void Nane::Display();

The Name class’s oper at or =() function provides a service similar
to the Narme() copy constructor. When the compiler encounters an
expression of the form

myQbj ect = your Obj ect

where both operands belong to the same class, it performs a mem-
berwise copy of the right operand to the left operand. If the class in
question provides an oper at or =() function in the proper form, the
oper at or =() function is called in lieu of performing the member-
wise copy.

Nane &Nane::operator=( const Name &original );
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b

The regular Narme( ) constructor uses new to allocate memory for
first and| ast:

Nane: : Name( char *firstParam char *|astParam)
{

first = new char[ strlen(firstParam + 1 ];

| ast = new char[ strlen(lastParam + 1 ];

Next, st r cpy() is called to copy the two parameters into their as-
sociated data members:

strcpy( first, firstParam);
strcpy( last, |astParam);

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
Narre object. The parameter passed in is the original Name object
from which the data is being copied:

Nane: : Nane( const Nane &ori gi nal )
{

first = new char[ strlen(original.first) + 1 ];
| ast = new char[ strlen(original.last) + 1 ];

strcpy( first, original.first );
strcpy( last, original.last );
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Once again, a message is printed telling us which constructor we’re
in:

cout << “Copy constructor...\n”;

}

The destructor deletes the char arrays pointed to by fi r st and
| ast:

Nane: : ~Nane()

{
delete [] first;

delete [] last;

}

Again, the Di spl ay() function prints the current Nane:

void Nane::Display()
{

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:

nmyQbj ect = nyQbj ect;

Why is this case special? As you’ll see, before we copy the right op-
erand 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:

Nane &Nane::operator=( const Nanme &original )
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{
if ( this == &original )
return( *this );

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 Nan®, reflecting the identity of
your hard-working author:

i nt mai n()

{
Nane yourAut hor( “Dave”, “Mark” );

Learn C++ under Windows 95/NT 291



C++ Potpourri
Memberwise Initialization

This results in a call of the original constructor, and the following
message appears in the console window:

Original constructor. ..

Next, another Nane is created using the copy constructor:

NaneaCopy = your Aut hor;

This results in the following line of output:

Copy constructor...

The third Nare object is used to test our oper at or =() function:

Name anot her Aut hor( “Scott”, “Knaster” );

This results in the following line of output:

Original constructor. ..

When your Aut hor . Di spl ay()is called, the contents of the origi-
nal Name are printed:

your Aut hor . Di spl ay();

Here’s the result:

Name: Dave MNar k
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When aCopy. Di spl ay() is called, the contents of the copy are
printed:

aCopy. Di spl ay();

Here’s the result:

Name: Dave MNar k

Next, the = operator is used to copy anot her Aut hor to aCopy. Be-
fore 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:

Name: Scott Knaster

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
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mastered the essentials and you're ready to code. Chapter 10 offers a
look at some C++ class libraries and development environments.
Let’s rip!
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What does it take to develop a C++ application? The answer de-
pends on the computer and operating system under which your ap-
plication will ultimately run. Are you writing an application that
will run only in Windows? Are you building a program destined
for a text-based environment like DOS or Unix? Are you trying to
write an application that will run on a variety of platforms?

The User Interface

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 thei ost r eam library, you can build a C++ ap-
plication with a completely portable user interface. The upside here
is that you can develop an application on a PC, copy the source code
to a Sun workstation, and recompile, and (with some minor retool-
ing, perhaps) you'll have a perfectly acceptable Unix application.

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 a seasoned Windows user, they’d
likely run you out of town.) Graphical user interfaces (GUISs, pro-
nounced “gooeys”) provide a sophisticated visual method for con-
veying information and providing program control. Windows has
its own particular look and feel as do other GUIs such as the Macin-
tosh and Motif.

If you can live within the confines of i ost r eam you’ll have the ul-
timate 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
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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 mas-
tered this interface vocabulary, you're ready to design your applica-
tion’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 inter-
face. Your programming task will be simpler if you build your inter-
face 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 develop-
ment system, a development environment that can generate ver-
sions of your application for several different platforms, all from the
same specifications/code. The upside to a cross-platform develop-
ment system 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.

There 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 fea-
tures offered by all supported platforms. In other words, if a spe-
cific feature is not found on each and every platform, you won'’t be
able to use it at all.
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The Windows API and Class Libraries

Books and

For the moment, let’s assume that you wish to use your newfound
C++ talents to build a Windows application with all of the user-in-
terface elements that Windows users have come to know and love.
You're ready to take advantage of the functions made available by
the Windows application programming interface (API).

Fortunately, the CodeWarrior development environment comes
with a set of class libraries containing all of the user-interface rou-
tines you'll need to implement the look and feel of Windows and ac-
cess other elements of the Windows APL. These class libraries are
based off of the Microsoft Foundation Classes and contain some
functions that create windows 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. These libraries pro-
vide more than a thousand functions that put the entire Windows
interface at your disposal.

Other Reference Material

Now you're ready to turn your sights to the specifics of Windows
development. If you're new to Windows, you’ll be glad to know that
there’s a lot of reading material available to help ease you through
the learning curve associated with Windows programming.

The Bibliography

Be sure to check out the bibliography in Appendix G, where you'll
find a list of books that will help ease your transition into Windows
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 Lipp-
man is also very helpful. Make sure you get the second edition of
both books. Finally, get hold of a copy of The Annotated C++ Refer-
ence Manual (also known as the ARM) by Margaret Ellis and Bjarne
Stroustrup. Although it was written with the expert C++ program-
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mer in mind, the ARM provides a complete and authoritative C++
reference.

Two good books on the Windows API are Building Windows 95 Ap-
plications by Kevin J. Goodman and Windows 95 : A Developer’s
Guide by Jeffrey Richter and Jonathan Locke.

Go Get ‘Em...

Well, that's it.  hope you enjoyed reading Learn C++ under Windows
95/NT as much as I enjoyed writing it. Above all, I hope you are ex-
cited about C++. Now go out there and write some source code!
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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 publ i ¢, private, orprotected, 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 ge-
neric application. Typically, the classes in an application framework
act as placeholders. The programmer 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.

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.
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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 func-
tion. 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 func-
tion, without actually allocating memory for the object or function.

default argument initializer: A function argument with an associ-
ated default value. If the function is called and no value is passed in
corresponding to the argument, the argument is initialized to its de-
fault value.

definition: A statement that causes memory to be allocated for a
variable or function. A function prototype is a declaration. The en-
tire 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 typi-
cally used to delete any member allocated for an object.

extraction operator: The >> operator, part of i 0st 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 i ost r eamformatting features.

function name overloading: A feature that allows you to create sev-
eral functions with the same name, but having different signatures.
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Each call of an overloaded function is compared against the avail-
able signatures and the matching function is called. If no match is
found, the compiler reports an error.

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 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 Windows interface vocabulary.

manipulator: A special function, provided as part of the i ost r eam
library, 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 con-
structor’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 cop-
ied 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 tech-
nique 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 + operator.

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 the CodeWarrior development environ-
ment to manage all of a program’s source and object code. By con-
vention, CodeWarrior project files end in “. cwp”.

project window: A window that appears when you open a project
using CodeWarrior for Windows. 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.

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 vari-
ables 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, : :, pre-
cedes 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 signa-
ture 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.
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state bits: A series of bits that reflect the current status of a stream.
The bits are goodbi t, eofbit, failbit, andbadbit.

static member: A data member or member function declared using
the st at i ¢c keyword. A static data member is shared by the entire
class, rather than allocated for each object of the class. A static mem-
ber function is typically created to control access to a static data
member. Thet hi s pointer is unavailable in a static member func-
tion.

template: A function or class definition containing a series of place-
holders, 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 keyword in a function or class template.

template instantiation: A function or class defined based on a tem-
plate.

virtual base class: A root base class having all derived classes
marked using the vi r t ual 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.

Windows Application Programming Interface (API): A set of func-
tions that allows you to access and incorporate the features of Win-
dows in your programs.
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call (Chapter 7)

#i ncl ude <i ostream h>

class Item

{
private:
float price;
publi c:
Item( float itenPrice );
fl oat operator()( float taxRate = 0 );
1
Item:Iltenm( float itenPrice )
{
price = itenPrice;
}
float Item:operator()( float taxRate )
{
return( ((taxRate * .01) + 1) * price );
}
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int main()

{
ltem stinpyDoll( 36.99 );

cout << “Price of Stinpy doll: $”
<< stinmpyDol | ();

cout << “\nPrice with 4.5%tax: $"
<< stinmpyDoll ( 4.5 );

return O;

}

cin (Chapter 4)
#i ncl ude <i ostream h>
const short kiMaxNanelLengt h = 40;

i nt mai n()

{
char nane[ kMaxNaneLength ];
short nyShort;

| ong nyLong;
fl oat nyFl oat;

cout << “Type in your first nane: *“;
cin >> nane;

cout << “Short, long, float: “;

cin >> nmyShort >> nyLong >> nyFl oat;

cout << “\nYour nane is: “ << nane;
cout << “\nnyShort: “ << nyShort;
cout << “\nnyLong: “ << nylLong;
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cout (Chapter 4)
cout << “\nnyFloat: “ << nyFl oat;
return O
}
cout (Chapter 4)
#i ncl ude <i ostream h>
int main()
{
char *nane = “Dr. Crusher”;
cout << “char: “ << name[ 0] << ‘\n
<< “short: “ << (short)(name[ 0 ]) << ‘\n’
<< “string: “ << pame << ‘\n’
<< "address: “ << (unsigned | ong)nane;
return O
}
derived (Chapter 6)
#i ncl ude <i ostream h>
N R R R Base

cl ass Base
{
[/ Dat a menbers. ..
private:
short baseMenber;
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Il Menber functions...
prot ect ed:
void SetBaseMenber( short baseVal ue );
short GCet BaseMenber ();

1
voi d Base:: Set BaseMenber ( short baseVal ue )
{
baseMenber = baseVal ue;
}
short Base:: Get BaseMenber ()
{
return baseMenber
}
e Base: Deri ved

cl ass Derived : public Base

{
/1 Dat a nenbers. ..
private:
short derivedMenber;
/1 Menber functions...
publi c:
void Set Menbers( short baseVal ue,
short derivedVal ue );
void PrintDataMenbers();
1

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

}
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void Derived:: PrintDataMenbers()
{

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

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

int main()

{
Deri ved*derivedPtr
derivedPtr = new Derived,
derivedPtr->Set Menbers( 10, 20 );
derivedPtr->Print Dat aMenbers();

return O;

employee (Chapter 5)

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

const short kMaxNaneSi ze = 20;
cl ass Enpl oyee

{
/1 Dat a nmenbers. ..
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employee (Chapter 5)

private:
char enpl oyeeNane[ kMaxNaneSi ze |;
| ong enpl oyeel D
fl oat enpl oyeeSal ary;

Il Menber functions...
publi c:
Enpl oyee( char *nane, long id,
float salary );
~Enpl oyee();
void PrintEnpl oyee();
1

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

strncpy( enpl oyeeNane, nanme, kMaxNaneSize );
enpl oyeeNane[ kMaxNaneSize - 1] = ‘\0;

enpl oyeel D = i d;
enpl oyeeSal ary = sal ary;

cout << “Creating enployee #* << enpl oyeel D

<< H\n”;
}
Enpl oyee: : ~Enpl oyee()
{
cout << “Destroying enpl oyee #” << enpl oyeel D
<< “\'n”;
}
voi d Enpl oyee:: Print Enpl oyee()
{
cout << “----- \n”;
cout << “Nane: “ << enpl oyeeNane << “\n”;
cout << “ID: “ << enpl oyeel D << “\n”;
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equals (Chapter 7)
cout << “Salary: “ << enployeeSalary << “\n”;
cout << “----- \n”;

}
int main()
{
Enpl oyee enpl oyeel( “Dave Mark”, 1, 200.0 );
Enpl oyee *enpl oyee?2;
enpl oyee2 = new Enpl oyee( “Steve Baker”, 2,
300.0 );
enpl oyeel. Pri nt Enpl oyee();
enpl oyee2- >Pri nt Enpl oyee();
del ete enpl oyee?2;
return O;
}

equals (Chapter 7)

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

class String
{
private:
char *s;
short stringlLength;

publ i c:
String( char *theString );
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~String();
void DisplayAddress();
String &operator=( const String & rontring );

b

String::String( char *theString )

{
stringLength = strlen( theString );
s = new char[ stringLength + 1 ];
strcpy( s, theString );

}

String::~String()

{
delete [] s;

}

void String::D splayAddress()

{
cout << “String address: “ << (unsigned long)s

<< “\'n”;
}

String &String::operator=( const String
& ronttring )

{ delete [] s;
stringLength = fronttring. stringlLengt h;
s = new char[ stringLength + 1 ];
strcpy( s, fronString.s );
return( *this );

}
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int main()

{

String captain( “Picard” );
String doctor( “Crusher” );

capt ai n. Di spl ayAddr ess();
doct or. Di spl ayAddress();

cout << “----- \n”;
doctor = captain;

capt ai n. Di spl ayAddr ess();
doctor. D spl ayAddress();

return O;

formatter (Chapter 8)

#i ncl ude <i ostream h>

int main()

{

cout << 202 << ‘\n’;

cout.width( 5 );
cout.fill( “x );
cout.setf( ios::left, ios::adjustfield );
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cout << 202 << ‘\n’;

cout.width( 10 );

cout.fill( *= );

cout.setf( ios::internal, ios::adjustfield );
cout << -101 << ‘\n’;

cout.width( 10 );

cout.fill( **" );

cout.setf( ios::right, ios::adjustfield );

cout << “Hello”;

return O

friends (Chapter 5)

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

const short kMaxNanmeSi ze = 20;

cl ass Enpl oyee;

e Payr ol |

cl ass Payrol |

{
/1 Dat a menbers. ..

private:

/1 Menber functions...
publi c:
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Payrol | ();
~Payrol | ();
void PrintCheck( Enployee *payee );
b
R Enpl oyee
cl ass Enpl oyee
{
friend void Payroll::PrintCheck( Enployee
*payee );
Il Dat a nenbers. ..
private:
char enpl oyeeNane[ kMaxNaneSi ze |;
| ong enpl oyeel D
fl oat enpl oyeeSal ary;
Il Menmber functions. ..
publi c:
Enpl oyee( char *nane, long id,
float salary );
~Enpl oyee();
void PrintEnployee();
b
N LR Payrol | Menber Functions

Payrol | :: Payroll ()

{
cout << “Creating payroll object\n”;
}
Payrol | ::~Payroll ()
{
cout << “Destroying payroll object\n”;
}
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friends (Chapter 5)

void Payroll::PrintCheck( Enployee *payee )

<< payee->enpl oyeeNane <<

{
cout <<
<< 13

}

Enpl oyee: : Enpl oyee( char *nane,

1] Pay $”

<< payee->enpl oyeeSal ary

to the order of “

float salary )

{

strncpy( enpl oyeeNane,

enpl oyeeNane[ kMaxNaneSi ze -

enpl oyeel D = i d;

enpl oyeeSal ary =

cout << “Creating enpl oyee #”
<<

}

Enpl oyee: : ~Enpl oyee()

{

cout << “Destroying enpl oyee #”
<<

}

void Enpl
{
cout
cout
cout
cout
cout

<<
<<
<<
<<
<<

“\n";

H\ n”;

..\n\n";
Enpl oyee Menber Functions

| ong id,

name, kMaxNaneSi ze );

1] =\0;

sal ary;

<< enpl oyeel D

<< enpl oyeel D

oyee: : Print Enpl oyee()

1] mrre: “
“1D :

<< enpl oyeeNane << “\n”;
<< enpl oyeel D << “\n”;
<< enpl oyeeSal ary << “\n”";
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int main()

{
Enpl oyee *enpl oyeelPtr;
Payr ol | *payrol | 1Ptr;
payrol | 1Ptr = new Payroll;

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

enpl oyeelPtr - >Pri nt Enpl oyee();
payrol | 1Pt r->Pri nt Check( enpl oyeelPtr );

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

return O;

gramps (Chapter 6)

#i ncl ude <i ostream h>

N R R R G anps
cl ass G anps

{

Il Dat a nenbers. ..
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Il Menmber functions. ..
public:
G anps() ;
~Granps() ;
1
G anps: : G anps()
{
cout << “Granps’ constructor was called!'\n”;
}
G anps: : ~G anps()
{
cout << “Granps’ destructor was called!'\n”;
}
I Pops: G anps
cl ass Pops : public G anps
{
Il Dat a nenbers. ..
Il Menber functions...
publi c:
Pops() ;
~Pops();
b
Pops: : Pops()
{
cout << “Pops’ constructor was called!'\n”;
}
Pops: : ~Pops()
{
cout << “Pops’ destructor was called!\n";
}
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---------------------------------- Juni or : Pops

cl ass Junior : public Pops

{

/1

/1

b

Dat a nmenbers. ..

Menmber functions...
public:
Junior();
~Juni or () ;

Juni or:: Junior ()

{
}

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

Juni or::~Junior()

{
}

cout << “Junior’'s destructor was called!'\n”:

int main()

{

Junior *juniorPtr;
juniorPtr = new Junior;
cout << “----\n";
delete juniorbPtr;

return O;
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hello (Chapter 2)

#i ncl ude <i ostream h>
int main()
{

cout << “Hello, world!”;

return O;

}

init (Chapter 9)

#i ncl ude <i ostream h>

e T
cl ass Myd ass
{
publi c:

const short kMaxNanelLengt h;

short &nunber Al i as;

short number ;

MyCl ass( short constVal ue );
i

MyCl ass: : Myd ass( short constVal ue )
kMaxNaneLengt h( const Val ue ),
nunber Al i as( nunber )
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inline (Chapter 4)
{
nunber = kMaxNanelLengt h;
cout << “Before: nunber = *“
<< nunber << “\n”;
nunmber Al i as += 10;
cout << “After: nunber =*“
<< nunber << “\n";
}
L mai n()
int main()
{

Mydl ass nmyCbj ect( 10 );

return O;

}

Inline (Chapter 4)
#i ncl ude <i ostream h>

i nlinel ong power( short base, short exponent );

int main()
{
cout << “power( 2, 3 ): " <<
power( 2, 3 ) << “\n”;
cout << “power( 3, 6 ): “ <<

power( 3, 6 ) << “\n”;
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memberWise (Chapter 9)
cout << “power( 5, 0 ): “ <<
power( 2, 0 ) << “\n”;
cout << “power( -3, 4 ): “ <<
power( -3, 4 ) << “\n”;
return O
}
i nl i nel ong power( short base, short exponent )
{
| ong product = 1,
short i;

if ( exponent < 0 )
return( 0 );

for ( i1=1; i<=exponent; i++ )
product *= base;

return product;

}

memberWise (Chapter 9)

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

cl ass Nane
{
private:
char *| ast;
char *first;
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public:
Name( char *firstParam char *|astParam);
Nanme( const Nanme &original );
~Name() ;
void Display();
Name &operator=( const Nane &original );

b

Nane: : Nane( char *firstParam char *| astParam)

{

first = new char[ strlen(firstParam + 1 ];
| ast = new char[ strlen(lastParam + 1 ];

strcpy( first, firstParam);
strcpy( last, |astParam);

cout << “Original constructor...\n”;

}
Nane: : Name( const Name &origi nal )
{
first = new char[ strlen(original.first) + 1 ];
| ast = new char[ strlen(original.last) + 1 ];
strcpy( first, original.first );
strcpy( last, original.last );
cout << “Copy constructor...\n”;
}
Nane: : ~Nane()
{
delete [] first;
delete [] last;
}

void Nane::Display()
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{
cout << “Nane: “ << first << “ “ << Jast << “\n”;
}
Name &Nane: :operator=( const Nanme &original )
{

if ( this == &original )
return( *this );

delete [] first;
delete [] last;

first = new char[ strlen(original.first) + 1 ];
| ast = new char[ strlen(original.last) + 1 ];

strcpy( first, original.first );
strcpy( last, original.last );

return( *this );

int main()

{
Nane your Aut hor( “Dave”, “Mark” );

Name aCopy = your Aut hor;
Nanme anot her Aut hor( “Scott”, “Knaster” );

your Aut hor . Di spl ay();
aCopy. Di spl ay();

aCopy = anot her Aut hor;
aCopy. Di spl ay();

return O;
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menu (Chapter 7)

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

const short kMaxNaneLength = 40;

cl ass Menultem

{
private:
fl oat price;
char nane[ kMaxNanmelLength ];
publi c:
Menulten( float itenPrice,
char *itenmNane );
fl oat CGetPrice();
fl oat operator+( Menultemitem);
fl oat operator+( float subtotal );
1

Menultem : Menulten( float itenPrice,
char *itenmNane )

{
price = itenPrice;
strcpy( name, itenNane );
}

float Menultem : GetPrice()
{

}

return( price );
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float Menultem :operator+( Menultemitem)

{

cout << “Menultem :operator+( Menultemitem)\n”;

return( GetPrice() + itemGetPrice() );
}

float Menultem :operator+( float subtotal )
{
cout << “Menultem :operator+( float
subtotal )\n”;

return( GetPrice() + subtotal );
}

e T oper at or +()

fl oat operator+( float subtotal, Menultemitem)
{
cout << “operator+( float subtotal,
Menultemitem)\n”;

return( subtotal + itemGetPrice() );

}

i nt main()
{
Menultem chicken( 8.99, “Chicken Kiev with
sal ad” );
Menultem houseWne( 2.99, “Riesling by the
gl ass” );
Menultem applePie( 3.99, “Apple Pie a la
Mode” );

326 Learn C++ under Windows 95/NT



Source Code Listings
multInherit (Chapter 9)

fl oat total

total = chicken + houseWne + appl ePie;
cout << “\nTotal: " << total

<< “\n\n”;
total = chicken + (houseWne + applePie);
cout << “\nTotal: “ << total;
return O;

multinherit (Chapter 9)

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

const short kMaxStringLength = 40;

N R E R R R Pr edat or

cl ass Predator

{
private:
char favoritePrey[ kMaxStringlLength ];
publi c:
Predator( char *prey );
~Predat or () ;
1

Predator::Predator( char *prey )

{
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strcpy( favoritePrey, prey );

cout << “Favorite prey:
<< prey << u\nu;

}
Predat or: : ~Predat or ()
{
cout << “Predator destructor was called!'\n\n”;
}
N R R Pet
cl ass Pet
{
private:
char favoriteToy[ kMaxStringlLength ];
public:
Pet ( char *toy );
~Pet () ;
1
Pet::Pet( char *toy )
{

strcpy( favoriteToy, toy );

cout << “Favorite toy:
<< toy << u\nu;

}
Pet : : ~Pet ()
{
cout << “Pet destructor was called!'\n";
}
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e Cat : Predat or, Pet

class Cat : public Predator, public Pet
{
private:
short catl D
static short JlastCatlD;

publi c:
Cat ( char *prey, char *toy );
~Cat () ;
H

Cat::Cat( char *prey, char *toy )
Predator( prey ), Pet( toy )

{
catl D = ++l astCat | D;

cout << “catlD: “ << catlD
<< *\nN--------- \n”;
}
Cat::~Cat ()
{
cout << “Cat destructor called: catlID = *
<< catlD << “...\n";
}

short Cat::lastCatlD = O;

i nt main()

{
Cat TC( “Mce”, “Ball of yarn” );
Cat Benny( “Crickets”, “Bottle cap” );
Cat Meow “Mdths”, “Spool of thread” );

Learn C++ under Windows 95/NT 329



Source Code Listings
new (Chapter 7)

return O;

new (Chapter 7)

#i ncl ude <i ostream h>

cl ass Bl ob

{
publi c:
void *operator new size_t bl obSize );
void operator delete( void *blobPtr, size t
bl obSi ze );
1
void *Blob::operator new size_t blobSize )
{
cout << “new. “ << bl obSize << * byte(s).\n";
return new char[ bl obSi ze ];
}

void Blob::operator delete( void *bl obPtr
size_t bl obSi ze )

{
cout << “delete: “ << blobSize << “ byte(s).\n";
delete [] bl obPtr

}

I R  EE E R T R mai n()
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int main()

{
Bl ob *bl obPtr;

bl obPtr = new Bl ob
del ete bl obPtr

return O;

}

newTester (Chapter 4)

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

void NewrFail ed();

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

I nt mai n()
{
char *nyPtr
| ong nunBl ocks = O;

cout << “Installing NewHandler...\n";

set _new _handl er ( NewFail ed );
gSpar eBl ockPtr = new char[20480] ;

whil e ( gbDone == fal se )
{
nmyPtr = new char[ 1024];
nunBl ocks++;
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}

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

return O;

}

void NewFail ed()

{
I f ( gSpareBlockPtr !'=0)

{
del et e gSpareBl ockPtr

gSpar eBl ockPtr = 0;
}

gbone = true;
}

nonVirtual (Chapter 9)

#i ncl ude <i ostream h>

[ A I
cl ass Root
{

public:

Root () ;

}s
Root : : Root ()
{

cout << “Root constructor called\n";
}
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cl ass Basel : public Root

{

publi c:

Basel();

s
Basel: : Basel()
{

cout << “Basel constructor called\n”;
}
I R  EE E R T R Base2

cl ass Base2 : public Root

{

publi c:

Base2();

s
Base2: : Base2()
{

cout << “Base2 constructor called\n”;
}
I e Deri ved

class Derived : public Basel, public Base2

{
publi c:
Derived();

b
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Derived: : Derived()

{

cout << “Derived constructor called\n”;
}
I A e
int main()
{

Derived nyDerived;

return O;
}

overload (Chapter 4)

#i ncl ude <i ostream h>

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

i nt mai n()

{
short nyShort = 3;
long nyLong = 12345678L,;
char *text = “Make it so...7”;
Di spl ay( nyShort );
Di splay( myLong );
Di splay( text );
return O;
}
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void Display( short shortParam)

{

cout << “The short is: “ << shortParam << “\n”;

}

void Display( long | ongParam)
{

cout << “The long is: “ << |ongParam << “\n”;

}

void Display( char *text )
{

cout << “The text is: “ << text << “\n”;

}

overload (Chapter 8)

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

const short kMaxNaneLength = 40;
e Menul t em

cl ass Menul tem
{
private:
float price;
char nanme[ kMaxNaneLength ];

publi c:
void SetNane( char *itenmNane );
char *Get Nane();
void SetPrice( float itenPrice );
float GetPrice();
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1
void Menultem: Set Nane( char *itenNane )
{
strcpy( nane, itenmNane );
}
char *Menultem : Get Nane()
{
return( nane );
}
void Menultem:SetPrice( float itenPrice )
{
price = itenPrice;
}
float Menultem : GetPrice()
{
return( price );
}
R I ostream operators

i stream &operator>>( istream & s, Menultem & tem)

{

float itenPrice;
char itemNane][ kMaxNaneLength ];

is.getline( itenNane, kMaxNanelLength );
item Set Name( itenmNane );

is >> itenPrice;
item SetPrice( itenPrice );

is.ignore( 1, ‘\n );
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return( is );

}

ostream &oper at or<<( ostream &os, Menultem & tem)

{
0s << item GetName() << “ (%"

<< item GetPrice() << “) “;

return( os );

}

int main()

{
i fstream readMe( “Menu Itens” );
Menultem item

while (readMe >> item)
cout << item<< “\n";

return O;

protoTester (Chapter 4)

#i ncl ude <i ostream h>

void MFunc( short parant,
short paran? = 0,
short paranB = 0 );

int main()

{
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MyFunc( 1 );
MyFunc( 1, 2 );
MyFunc( 1, 2, 3);

return O

}

void MFunc( short parant,
short paran®,
short paranB )

{
cout << “MyFunc( “ << parant
<< *, % << paran®
<< *, % << paranB
<< “ )\n";
}

readMe (Chapter 8)

#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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reference (Chapter 4)

#i ncl ude <i ostream h>

void CallByVal ue( short val ueParam);
void CallByReference( short &refParam),;

int main()

{

}

short nunber = 12;
| ong | ongNunber = 12L;

cout << “&nunber: ‘o<
(unsi gned | ong) &unber << “\n”;

cout << “& ongNunber: “ <<
(unsi gned | ong) & ongNunber << “\n\n”;

Cal | ByVval ue( nunber );
cout << “After ByValue: “ << nunber << “\n\n”;

Cal | ByRef erence( nunber );
cout << “After ByRef( short ): “ << nunber
<< “\n\n”;

Cal | ByRef erence( | ongNunber );

cout << “After ByRef( long ): “ << | ongNunber
<< “\'n”;

return O;

void CallByVal ue( short val ueParam)

{

cout << “&val ueParam *“ <<
(unsi gned | ong) & al ueParam << “\ n”;
val ueParam *= 2;
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}
void CallByReference( short &refParam)
{

cout << “&refParam <<

(unsi gned | ong) & ef Param << “\n”;
ref Param *= 2;

}

scopeTester (Chapter 4)

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

int main()

{

short yourVal ue = nyVal ue;

cout << “your Val ue: << your Val ue << “\n”;

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

cout << “yourValue: “ << yourValue << “\n”;

your Val ue = ::nmyVal ue;

cout << “yourValue: “ << yourValue << “\n”;

return O;
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smartPtr (Chapter 7)
#i ncl ude <i ostream h>
#i ncl ude <string. h>
const short kMaxNanelLength = 40;
I R  EE E R T R Name

cl ass Nane

{
private:
char first][ kMaxNaneLength ];
char last[ kMaxNaneLength ];
publi c:
Nanme( char *| astNane, char *firstNane );
void DisplayNane();
b

Nanme: : Nane( char *| ast Nane, char *firstNane )

{
strcpy( last, |astNane );

strcpy( first, firstNane );

}
void Nane:: D spl ayNanme()
{
cout << “Name: “ << first << * * << |ast;
}
R e Politician

class Politician

{
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private:
Name *nanmePtr;
short age;

publi c:
Politician( Nanme *nanePtr, short age );
Nane *operator->();

b

Politician::Politician( Nane *nanePtr, short age )

{

t hi s->nanePtr = nanePtr;
t hi s- >age = age;

}

Name *Politician::operator->()

{ return( namePtr );

}

[ m e e e e mai n()
int main()

{ Nane nyName( “Cinton”, “Bill” );

Politician billdinton( &wyNanme, 46 );
bill dinton->D spl ayNane();

return O;

}

square (Chapter 6)

#i ncl ude <i ostream h>
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I R R TR Rect angl e

cl ass Rectangl e

{
I Dat a nenbers. ..
prot ect ed:
short hei ght;
short wi dth;
Il Menber functions...
publi c:
Rect angl e( short hei ght Param
short w dt hParam);
void DisplayArea();
1

Rect angl e: : Rect angl e( short hei ght Param
short wi dt hParam)
{
hei ght = hei ght Par am
wi dth = w dt hParam

}
void Rectangle:: D splayArea()
{
cout << “Area is: " <<
height * width << *\n’;
}
N R Rect angl e: Squar e

cl ass Square : public Rectangle

{
[/ Dat a nenbers. ..
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Il Menber functions...
public:
Square( short side );

b

Square: : Square( short side ) : Rectangl e( side,
side )

{

}

e mai n()

int main()

{
Squar e *nmy Squar e;
Rect angl e *nyRect angl e;

nySquare = new Square( 10 );
nmySquar e- >Di spl ayArea();

nmyRect angl e = new Rectangl e( 10, 15 );
nyRect angl e- >Di spl ayArea();

return O;

stateBits (Chapter 8)

#i ncl ude <i ostream h>

int main()

{
char done = fal se;
char «c;
short nunber;
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while (! done )
{

cout << “Type a nunber: “;
ci n >> nunber

if ( cin.good() )
{
if ( nunber == 0)
{
cout << “Goodbye...”;
done = true;
}
el se
cout << “Your nunber is: “ << nunber
<< “\n\n”;

}

else if ( cin.fail() )

{

cin.clear();

cin.get( c );
cout << ¢ << “ is not a nunber...”;
cout << “Type 0 to exit\n\n”;

}
else if ( cin.bad() )

{

cout << “\nYikes!!! Gotta go...”
done = true;

}
}

return O

}
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strstream (Chapter 8)

#i ncl ude <i ostream h>
#i ncl ude <sstream h>

const short kNunberOfLetters = 26;

int main()

{
ostringstream ostr;
short i

for (i =0; i < kNunberO'Letters; i++ )
ostr << (char)('a" + i);

cout << "Nunber of characters witten: "
<< | << '\n';

cout << "Buffer contents: " << ostr.str();

return O

subscript (Chapter 7)

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

const short kMaxNaneLength = 40;

cl ass Nane
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private:
char nanmeString[ kMaxNanmeLength ];
short nanelLengt h;

public:
Nanme( char *nane );
void operator()();
char &operator[]( short index );

b

Nane: : Nane( char *nane )

{
strcpy( naneString, nanme );
nanmeLength = strlen( nane );

}
void Nane::operator()()
{
cout << naneString << “\n”;
}
char & Nane: :operator[]( short index )
{
if ( (index <0 ) || ( index >= naneLength ) )
{
cout << “index out of bounds!!!\n”;
return( nanmeString[ 0] );
}
el se
return( nanmeString[ index ] );
}
I R  EE E R T R mai n()
int main()
{
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Nanme pres( “B. J. dinton” );

pres[| 3] ="'X;
pres();

pres[ 25 ] = *'Z;
pres();

return O;

template (Chapter 9)

#i ncl ude <i ostream h>

const short kNunEl enents = 10;

tenpl ate <class T>
cl ass Array

{
private:
short arraySi ze;
T *arrayPtr;
T err or Ret Val ue;
publi c:
Array( short size );
~Array();
T &operator[]( short index );
1

tenpl ate <class T>
Array<T>::Array( short size )

{
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arraySi ze = si ze;
arrayPtr = new T[ size ];
errorRet Val ue = 0;

}

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( errorRetVal ue );
}
el se
return( arrayPtr[ index ] );
}
e Power

tenpl ate <class T>
T Power( T base, T exponent )

{
T i, product = 1,

for ( i=1;, i<=exponent; i++ )
product *= base;

return( product );

}
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i nt main()

{
Array<short>yRay( kNunEl enents );
Array<Il ong>ryLongRay( kNunEl enents );
short i, shortBase = 4,
|l ong | ongBase = 4L;

for ( i=0; i<=kNuntlenents; i++ )
nmyRay[ 1 ] = Power( shortBase, i );

cout << “----\n";
for ( 1=0; i<kNunkl enents; i++ )
cout << “nyRay[“ << i << *]: * << nyRay[ i ]
<< “\n”;
for ( i=0; i<kNunEl enments; i++ )
nmyLongRay[ i ] = Power( | ongBase, (long)i );
cout << “----\n";
for ( i=0; i<kNunEl enments; i++ )
cout << “nmyLongRay["“ << i
<< “]: * << nyLongRay[ | ] << “\n”;
return O

time (Chapter 7)

#i ncl ude <i ostream h>
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class Tine

{

/1 Dat a nenbers. ..

private:

shor t
short
shor t

hours:
m nut es;
seconds;

Il Menber functions...
void NormalizeTine();
public:
Time();
Ti me( short h,
void Display();

short m short s );

Ti me
voi d

b

operator+( Tine &Tinme );
operator*=( short num);

Time:: Time()

{

seconds =

m nut es
hours =

}

Time: : Ti me(

{

seconds
m nut es
hours =

o
e

short h, short m short s )

S;
= m
h;

Nor mal i zeTi me() ;

}

void Tine::NormalizeTi ne()
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{

hours += ((m nutes + (seconds/60)) / 60);
m nutes = (mnutes + (seconds/60)) % 60;

seconds % 60:;

}
void Tine::Display()
{
cout << “(" << hours << “:” << mnutes
<< “:7 << seconds << “)\n”;
}
Time Tine::operator+( Tine &aTine )
{
short h;
short m
short s;
h = hours + aTi ne. hours;
m = m nutes + aTi ne. m nutes;
s = seconds + aTi ne. seconds;

Time tenpTinme( h, m s );

return tenpTi ne;

}

void Tine::operator*=( short num)

{

hours *= num
m nutes *= num
seconds *= num

Nor mal i zeTi me() ;
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virtual (Chapter 9)
L mai n
int main()

{
Time firstTime( 1, 10, 50 );
Time secondTinme( 2, 24, 20 );
Time sunii ne;
firstTinme. D splay();
secondTi ne. Di spl ay();
cout << “--------- \n";
sumlime = firstTinme + secondTi ne;
sunti nme. Di spl ay();
cout << “* 2\n”;
cout << “--------- \n";
sumlime *= 2;
sunti nme. D spl ay();
return O;
}
virtual (Chapter 9)
#i ncl ude <i ostream h>
T Root

cl ass Root

{

prot ect ed:
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short numn

publi c:
Root ( short nunParam);
3
Root : : Root ( short nunParam )
{

num = nunPar am

cout << “Root constructor called\n”;

}
I R  EE E R T R
cl ass Basel : public virtual Root
{
publi c:
Basel();
3
Basel:: Basel() : Root( 1)
{
cout << “Basel constructor called\n”;
}
N R  EE E R T R
cl ass Base2 : public virtual Root
{
publi c:
Base2();
3
Base2:: Base2() : Root( 2 )
{
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cout << “Base2 constructor called\n”;

I R  EE E R T R Deri ved

class Derived : public Basel, public Base2

{
publi c:
Derived();
short Get Num();

b

Derived: : Derived() : Root( 3)
{

}

short Derived: : Get Num()
{

}

cout << “Derived constructor called\n”:

return( num);

int main()

{
Derived nyDeri ved;

cout << “------- \n”
<< “num = * << nyDerived. Get Num() ;

return O;

}
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whatAml (Chapter 6)

#i ncl ude <i ostream h>

L Shape
cl ass Shape
{
Il Dat a nenbers. ..
Il Menber functions...

publi c:

virtual void WatAmM();

1
voi dShape: : What Ami ()
{

cout << “I don’t know what kind of shape |

am\n”;

}
I e T Shape: Rect angl e
cl ass Rectangle : public Shape
{
Il Dat a nenbers. ..
I Menmber functions...

publi c:

void WatAm ();

1
void Rectangle:: WatAn ()
{

cout << “I’ma rectangle!'\n”;
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}
e Shape: Tri angl e
class Triangle : public Shape
{
Il Dat a nenbers. ..
Il Menber functions...

publi c:

void Wat Am ();

1
void Triangle::WatAn ()
{

cout << “I’"ma trianglel\n”;
}
I R  EE E R T R mai n()
int main()
{

Shape *sl1, *s2, *s3;

sl = new Rectangl e;
s2 = new Triangl e;
s3 = new Shape;

sl->What Am () ;
s2->What Am () ;
s3->What Am () ;

return O;
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fstream.h

[*]

/**
* *
* *
* *
* *

**/

Metrower ks Standard Library Version 1.5
1996 Septenber 30 [/*/

Li b++ . The Modena C++ Standard Library,
Version 1.9, May 1996

fstreamh

Copyright (c) 1994-1996 Mbdena Software Inc.

#i f ndef MBI PL_FSTREAM H

#def

i ne M8l PL_FSTREAM H

#i ncl ude <ntonpile. h>

#i ncl ude MOD_| NCLUDE( i ostream

#i f def MSI PL_USI NG _NANMESPACE
nanespace std {
#endi f

#def

ine _ msipl_tenp_bufsize 8

#i f def MBI PL_DEF _TEMPARG

tenpl ate <class charT, class traits =
ios_traits<char> >

#el se

tenpl ate <class charT, class traits>

#endi f

cl ass basic _filebuf : public
basi c_streanbuf <charT, traits> {

publ

ic :
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typedef charT char _type;
typedef traits traits_type;

typedef typenanme traits::pos_type pos_type;
typedef typenane traits::off _type of f _type;
typedef typenanmetraits::int_type int_type
typedef typenane traits::state type state_type;

typedef basic filebuf<charT, traits>
filebuf _type;

private:
t ypedef codecvt<char_type, char,state_type>
of acet _type;
t ypedef codecvt <char, char _type, state type>
i facet _type;
t ypedef codecvt base::result result;
public:
basic_filebuf ();
basic _filebuf (FILE* pfile_arg);

virtual ~basic _filebuf ();

bool
i s_open () const;

filebuf type*
open (const char* s, io0s_base::opennode node);

filebuf type*
close ();
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protected :
I
/'l Inherited Functions
I
virtual int_type

overflow (int_type c

virtual int_type
pbackfail (int_type c
virtual int_type
__pbfile();

virtual int_type

underflow ();

virtual pos_type
seekoff (off_type

of f,

traits::eof ());

= traits::eof ());

I 0s_base: : seekdir way,

I 0s_base: : opennpode which =

I 0S_base::in |

virtual pos_type

seekpos (pos_type sp,

I 0S_base::in |

vi rtual
set buf (char_type* s,

virtual int

sync ();

virtual int_type
ufl ow ();

virtual void

i mbue (const

basi c_streanbuf <char T,
streansi ze n);

i 0s_base: :out);

I 0s_base: : opennode whi ch=
i 0s_base: :out);

traits>*

| ocal e& | oc);

Learn C++ under Windows 95/NT 361



fstream.h

virtual streansize
showranyc ();

Il

/'l virtual streansize

/'l xsgetn (char_type* s, streansize n);

Il

/1l virtual streansize

/'l xsputn (const char_type* s, streansize n);
Il

Il

private :
FI LE* pfile;

/'l declare a nutex object.
DEC OBJ_LOCK( _nut ex)

b

#i f def MBI PL_DEF_TEMPARG
tenpl ate <class charT, class traits =
ios_traits<charT> >

#el se

tenpl ate <class charT, class traits>

#endi f

cl ass basic_ifstream: public basic_istreankcharT,

traits> {

public :
typedef charT char _type;
typedef traits traits_type

typedef typenane traits::pos_type pos_type;
typedef typenanme traits::off_type of f _type;
typedef typenanme traits::int_type I nt_type;
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publ

typedef basic_filebuf<charT, traits>
filebuf type;

ic :
basic_ifstream ();

explicit

basi c_i fstream (const char* s,
i 0s_base: : opennode node =
I 0S_base::in);

virtual ~basic_ifstream();

filebuf type*
rdbuf () const;

inline
bool
is_open ();

inline

voi d

open (const char* s, ios_base::opennode node =
I 0S_base::in);

i nline
voi d
close ();

private :
filebuf type f buf ;
};

#i f def MBI PL_DEF_TEMPARG
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tenpl ate <class charT, class traits =
ios_traits<charT> >

#el se

tenpl ate <class charT, class traits>

#endi f

cl ass basic_ofstream: public basic_ostreankcharT,

traits> {

public :
typedef charT char _type;
typedef traits traits_type

publ

typedef typenane traits::pos_type pos_type;
typedef typenanme traits::off_type of f _type;
typedef typenanme traits::int_type I nt_type;

typedef basic_filebuf<charT, traits>
filebuf _type;

ic :
basi c_of stream ();

explicit

basi c_of stream (const char* s,
I 0s_base: : opennode node =
i 0s_base: : out |

I 0s_base: :trunc

);

virtual ~basic_ofstream();

filebuf type*
rdbuf () const;

i nline
bool
is_open ();
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i nline
voi d
open (const char* s, io0s_base::opennode node =
i 0s_base::out | ios_base::trunc);
inline
voi d
close ();
private :
filebuf type f buf ;

b

tenpl ate <class charT, class traits>
basic_fil ebuf<charT, traits>::basic _filebuf ()
. basic_streanbuf<charT, traits> (), pfile (0)
{
}
tenpl ate <class charT, class traits>
basic_fil ebuf<charT, traits>::basic_fil ebuf

(FILE* pfile_arqQ)

basi c_streanbuf <charT, traits> (),

pfile (pfile_argQ)

{
}

tenpl ate <class charT, class traits>
basic _fil ebuf<charT, traits>::~basic _filebuf ()
{

close ();

REMOVE( _nut ex) ;
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tenpl ate <class charT, class
bool
basic _fil ebuf<charT, traits>
{

READ_LOCK( _nut ex) ;

return (pfile !'= 0);
}
tenpl ate <class charT, class
basic_fil ebuf<charT, traits>

basi c_fil ebuf <charT,

traits>

::is_open () const

traits>
. filebuf _type*

traits>::open (const char* s,

I 0S_base: : opennpde node)

{
static const io0s_base::op
= {
i 0s_base: :in,
I 0os_base::in | io0s_base:
i 0os_base::in | ios_base:
I 0S_base::out | io0s_base:
i 0s_base::out | ios_base::
I 0S_base::out | io0s_base:
i 0S_base:
I 0S_base::out | io0s_base:
I 0s_base:
I 0s_base::in | io0s_base:
I 0S_base:
i 0os_base::in | ios_base:
I 0os_base::in | io0s_base:
i 0S_base:
I 0os_base::in | io0s_base:
I 0s_base:
i 0s_base:
I 0s_base::in | io0s_base:
i 0S_base:
| 0S_base:

0}

ennpde

out,

bi nary,
:trunc,
app,

strunc |
bi nary,
rapp |
bi nary,
out |

:trunc,

out |
out |

i 0s_base

:binary,

out |

:trunc |

bi nary,
:out |
app |
bi nary,

static const char* char_nodes[] = {

val i d_nodes][]

L app,
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rt, "r4", "rb", "w, o "a", "wb", "ab", "w",
“at+", "r+b", "wtb", "a+b", 0 };
i 0s_base: : opennode node_save = node;

VRI TE_LOCK( _mnut ex) ;
if ('is_open ())
{
i nt index;
init ();
node &= ~i 0os_base:: ate;
i ndex = 0;
while ((valid _nodes[index] !'= 0) &&
(val i d_nodes[index] != node))
++i ndex;

i f (char_nodes[index] &&
((pfile = fopen (s, char_nodes[index]))

1= 0))

if (((node_save & ios_base::ate) !=0) &&
(fseek (pfile, 0, SEEK END) != 0))
{

}
el se

{
}

close ();

return this;

}
}

return O;

}

tenpl ate <class charT, class traits>
basic_filebuf<charT, traits>::filebuf_type*
basic_fil ebuf<charT, traits>::close ()

{
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if ((pfile == stdin) ||
(pfile == stderr))
return this;
VRI TE_LOCK( _mnut ex) ;
if (is_open () &k (fclose (pfile) == 0))

(pfile == stdout) ||

{
pfile = 0;
return this;
}
return O;
}
tenpl ate <class charT, class traits>
i nt
basic_fil ebuf<charT, traits>::sync ()
{
return (is_open () ? fflush (pfile) : 0);
}

tenpl ate <class charT, class traits>

basi c_streanbuf<charT, traits>*

basi c_fil ebuf<charT, traits>::setbuf (char_type*
S, streansize n)

{
Il
/1 Fully buffered input/output.
/1l Can't call setvbuf for wchar_t if we don't
/'l have our own buffer
Il
if ('is_open () || setvbuf (pfile, s, _|IOFBF
n))
return O
return this;
}

tenpl ate <class charT, class traits>
basic _filebuf<charT, traits> :int_type
basic_filebuf<charT, traits>::overflow (int_type c)
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state type fst;

const char _type* end;

char buf [ __nsipl _tenp_bufsize];

char* ebuf ;

char _type ch = traits_type::to_char_type
(c);

if ('is_open ())
return traits_type::eof ();
if (traits_type::is_eof (c))
return traits_type::not_eof (c);

const of acet_type& ftype = use_facet
(getloc (), (ofacet _type*)0);
result conv;

conv = ftype.convert (fst, &ch, &h + 1, end,
buf, buf+__ nsipl_tenp_bufsize, ebuf);

int_type value = c;

if ((conv == codecvt base::partial) ||

(conv == codecvt _base::error))
{

value = traits_type::eof ();
}
else if (conv == codecvt_base: : noconv)
{

if (fputc (c, pfile) == EOF)

value = traits_type::eof ();

}
el se
{

/'l conv == codecvt base:: ok

ebuf = 0;

i f (fputs (buf, pfile) == EOF)
value = traits_type::eof ();
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}

return val ue;

}

tenpl ate <class charT, class traits>
basic _fil ebuf<charT, traits> :int_type
basic_fil ebuf<charT, traits>: :underflow ()

{
int_type value = traits_type::eof ();
Il
/'l Assunption that at |east one-character can
/'l be putback and this operation would never
/1 fail
Il
if (is_open () && (value = ungetc (fgetc
(pfile),pfile)) == ECF )
value = traits_type::eof ();
return val ue;
}

tenpl ate <class charT, class traits>

basic_filebuf<charT, traits>:.:int_type

basic_fil ebuf<charT, traits>::pbackfail (int_type
c)

{

int_type value = traits_type::eof ();

if (is_open ())
{
val ue = ungetc (c, pfile);
i f (value == EOF)
value = traits_type::eof ();
else if (traits type::is_eof(c))

{
value = fseek (pfile, -1, SEEK CUR)
i f (val ue)
value = traits_type::eof ();
}
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}

return val ue;

}

tenpl ate <class charT, class traits>
basic_filebuf<charT,traits> :int_type
basic_filebuf<charT, traits>::_ pbfile()
{

int_type value = traits_type::eof();

i1 f (is_open())

{
value = fseek (pfile, -1, SEEK CUR)
i f (val ue)
value = traits_type::eof ();
}

return val ue;

}

tenpl ate <class charT, class traits>
basic_filebuf<charT, traits>::int_type
basic_fil ebuf<charT, traits>: :uflow ()

{
int_type value = traits_type::eof ();
if ( is_open () & ((value = fgetc (pfile))
== EOF ))
value = traits_type::eof ();
return val ue;
}
tenpl ate <class charT, class traits>
voi d
basic_fil ebuf<charT, traits>::inbue (const |ocal e&
| oc_arQ)
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{
}

|l oc = | oc_arg;

tenpl ate <class charT, class traits>
streansi ze
basic_fil ebuf<charT, traits>::showrmanyc ()

{

long int curpos = ftell (pfile);

if (curpos == -1)
return O
/1]
/Il Seek to the end of file.
/1]

fseek (pfile, 0, SEEK END);
long int endpos = ftell (pfile);
if (endpos == -1)

return O;

fseek (pfile, curpos, SEEK SET);
return (streansi ze(endpos - curpos));

}

tenpl ate <class charT, class traits>
basic_fil ebuf<charT, traits>::pos_type
basic_fil ebuf<charT, traits>::seekoff (off_type
of f, io0s_base::seekdir way,
i 0s_base: : opennode /* which */)

if ('is_open () || (off == -1) ||
((way & ios_base::beg) && (off < 0)) ||
((way & ios_base::end) && (off > 0)))
return pos_type (-1);
int poseek = SEEK CUR
switch (way)
{
case i 0s_base:: beg :
poseek = SEEK SET,;
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}

br eak;
case i 0s_base::end :
poseek = SEEK END;
br eak;
}
if (fseek (pfile, off, poseek))
return pos_type (-1);
return pos_type (ftell (pfile));

tenpl ate <class charT, class traits>
basic_fil ebuf<charT, traits>::pos_type
basic_fil ebuf<charT, traits>::seekpos (pos_type

{

}

sp, i0s_base::opennode /* which */)

if ( 'is_open () || sp == pos_type (-1))
return pos_type (-1);

if (fseek (pfile, sp.offset (), SEEK SET))
return pos_type (-1);

return pos_type (ftell (pfile));

tenpl ate <class charT, class traits>
basic_ifstreankcharT, traits>::basic_ifstream ()

{
)

basi c_i streanxcharT, traits> (0)

init (& buf);

tenpl ate <class charT, class traits>
basi c_ifstreanccharT, traits>::basic_ifstream

(

(const char* s, ios_base::opennode node)
basi c_istreankcharT, traits> (0)

init (& buf);
rdbuf ()->open (s, node);
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tenpl ate <class charT, class traits>
basic_ifstrean<charT, traits>::~basic_ifstream ()

{1}

tenpl ate <class charT, class traits>
basi c_ifstreankcharT, traits>::filebuf_type*
basi c_ifstreanxcharT, traits>::rdbuf () const

{
/'l use dynam c cast
/'l return dynam c_cast<fil ebuf type*>
/1 (basic_ios<charT, traits>::rdbuf ());
/'l return const_cast<fil ebuf_type*> (&f buf);
return (filebuf_type*) (&fbuf);

}

tenpl ate <class charT, class traits>

i nline

bool

basic_ifstreankcharT, traits> :is_open ()

{
return rdbuf ()->is_open ();

}

tenpl ate <class charT, class traits>

i nline

voi d

basi c_ifstreankcharT, traits>::open (const char?*
S, i 0s_base:: opennode node)

{
rdbuf ()->open (s, node);
if ('is_open ())
{
setstate (failbit);
}
}

tenpl ate <class charT, class traits>
inline

374 Learn C++ under Windows 95/NT



fstream.h

voi d
basic_ifstreankcharT, traits>::close ()

{
if (rdbuf ()->close () == 0)

{
}

setstate (failbit);

}

tenpl ate <class charT, class traits>

basi c_of streanxcharT, traits>::basic_ofstream()
. basic_ostreankcharT, traits> (0)

{
}

init (& buf);

tenpl ate <class charT, class traits>

basi c_of streankchar T, traits>::basic_ofstream
(const char* s, io0s_base::opennode node)

. basic_ostreanxcharT, traits> (0)

{
init (& buf);
rdbuf ()->open (s, node);

}

tenpl ate <class charT, class traits>
basi c_of streanxcharT, traits>::~basic_ofstream ()

{1}

tenpl ate <class charT, class traits>
basi c_of streankcharT, traits>::fil ebuf_type*
basi c_of streanxcharT, traits>::rdbuf () const
{
/'l use dynam c cast
/'l return dynam c_cast<fil ebuf _type*>
/1l (basic_ios<charT, traits>::rdbuf ());
/'l return const_cast<fil ebuf type*> (&f buf);
return (filebuf_type*) (&fbuf);
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}
tenpl ate <class charT, class traits>
i nline
bool
basi c_of streanxcharT, traits>:.:is_open ()
{
return rdbuf ()->is_open ();
}
tenpl ate <class charT, class traits>
i nline
voi d

basi c_of streanxcharT, traits>::open (const char*
S, i 0s_base::opennode node)

{

rdbuf ()->open (s, node);

if ('is_open ())

{

setstate (failbit);

}
}
tenpl ate <class charT, class traits>
inline
voi d
basi c_of streankcharT, traits>::close ()
{

i f (rdbuf ()->close () == 0)

{

setstate (failbit);

}
}
Il
/'l class basic_fstream
Il
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#i f def MSI PL_DEF_TEMPARG

tenpl ate <cl ass charT,

ios_traits<charT> >

#el se

tenpl ate <class charT,

#endi f

cl ass basic _fstream:
traits> {

public :

typedef charT
typedef traits

t ypedef typenane
t ypedef typenane
t ypedef typenane

cl ass

cl ass

public

traits
traits
traits

traits =

traits>

basi c_i ostreanxcharT,

char _type;
traits_type

. pos_type pos_type;
c:off _type of f _type;
crint_type i nt_type;

typedef basic_filebuf<charT, traits>

public :
basic_fstream ();

explicit

filebuf type;

basic_fstream (const char* s,
i 0s_base: : opennpode node = i o0os_base::in
I 0s_base: :out);

virtual ~basic _fstream();

filebuf type*
rdbuf () const;

inline
bool
is_open ();
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inline

voi d

open (const char* s, ios
ios_base::in | ios_b

inline

voi d

cl ose ();

private :
filebuf type f buf ;
1

tenpl ate <class charT, class
basi c_fstreankcharT, traits>

{
)

init (& buf);

tenpl ate <class charT, class
basi c_fstreankcharT, traits>

_base: : opennode node =

ase: :out);

traits>
. basic_fstream ()

basi c_i ostreankcharT, traits> (0)

traits>
. basi c_fstream (const

char* s, io0s_base::opennbde node)

{
init (& buf);
rdbuf ()->open (s, node)

}

tenpl ate <class charT, class
basi c_fstreankcharT, traits>

tenpl ate <class charT, class
basi c_fstreankcharT, traits>
basi c_fstreankcharT, traits>

{

basi c_i ostreankcharT, traits> (0)

traits>
;. ~basic _fstream () { }

traits>
. fil ebuf _type*
.. rdbuf () const
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/'l use dynam c cast

/1l return dynam c_cast<fil ebuf type*>

Il (basic_ios<charT, traits> :rdbuf ());
/'l return const_cast<fil ebuf _type*> (&f buf)
return (fil ebuf _type*) (&f buf);

}

tenpl ate <class charT, class traits>
inline

bool

basi c_fstreankcharT, traits>::is_open ()

{
}

return rdbuf ()->is_open ();

tenpl ate <class charT, class traits>
inline
voi d

basi c_fstreanxkcharT, traits>::open (const char* s,

I 0s_base: : opennode node)

{
rdbuf ()->open (s, node);
if (lis_open ())
{
setstate (failbit);
}
}

tenpl ate <class charT, class traits>
inline
voi d
basi c_fstreanxkcharT, traits>::close ()
{

if (rdbuf ()->close () == 0)

{

}

setstate (failbit);
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typedef basic _filebuf <char, ios_traits<char> >
filebuf;

t ypedef basic_ifstreancchar, ios_traits<char> >
I fstream

t ypedef basic_of streancchar, ios_traits<char> >
of stream

t ypedef basic_fstream <char, ios_traits<char> >
fstream

#i fdef MSI PL_WCHART typedef basic _fil ebuf
<wchar _t, i1os_traits<wchar_t> > wfi | ebuf;
t ypedef basic_ifstreankwchar _t,

ios_traits<wchar t> > w fstream
t ypedef basic_of streankwchar _t,

ios_traits<wchar t> > wof st ream
t ypedef basic_fstream <wchar _t,

ios _traits<wchar t> > wf st ream
#endi f

#i f def MSI PL_USI NG _NANMESPACE
} /* namespace std */
#endi f

#endi f /* MSI PL_FSTREAM H */
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/*/  Metrowerks Standard Library Version 1.5
1996 Septenber 30 [/*/

/**
** Li b++ . The Modena C++ Standard Library,
** Version 1.9, May 1996

** jomani p. h
** Copyright (c) 1994-1996 Mbdena Software Inc.

**/

#i f ndef MSI PL_MANI PULATOR_H
#defi ne MSI PL_MANI PULATOR_H

#i ncl ude <ntonpile. h>

#i ncl ude MOD_| NCLUDE( i stream
#i ncl ude MOD_|I NCLUDE( ost r eam

#i f def MBI PL_USI NG_NAMESPACE
namespace std {
#endi f

/1
/'l 1 nput Mani pul ators
/1

/1
/'l Tenpl ate cl ass basic_i manip
/1

#i f def MBI PL_DEF_TEMPARG
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tenplate <class T, class charT, class traits =
ios_traits<charT> >

#el se

tenplate <class T, class charT, class traits>

#endi f

cl ass basic_i manip {

friend

basi c_istreankcharT, traits>&

operator>> (basic_istreanccharT, traits>& is,
const basi c_i mani p<T, charT,
traits>& a);

public :
typedef charT char _type;
typedef traits traits_type

typedef typenane traits::pos_type pos_type;

typedef typenane traits::off_type of f _type;

typedef typenane traits::int_type I nt_type;
private:

/'l typedef basic_ios<charT, traits>

/1l I 0S_type; /'l NSl PL-1607
typedef basic_istreankcharT, traits>
I 0S_type; /'l NSl PL-1607
typedef ios _type& (* pf_type) (ios_type& T);
public :
inline

basic_i manip (pf_type, T);
private:

pf _type pf;

382 Learn C++ under Windows 95/NT



lomanip.h

T manar g;
1

tenpl ate <class T> class imanip
public basic_imani p<T, char, ios_traits<char> >

{
prot ect ed: /1 NBI PL-
1607
t ypedef basi c_i streankchar
los_traits<char> > ios_type; // NSBIPL-1607
typedef ios_type& (* pf_type)
(tos_type& T); /1 WNBI PL-1607
publi c:
imanip (pf _type pf, T1t) /1 WNBI PL-1607
basi c_i mani p<T, char, ios_traits<char>
> (pf, t) {} /1 MBI PL-1607
1

#i f def MBI PL_WCHART

tenpl ate <class T> class inanip

. public basic_imnip<T, char, ios_traits<char> >
{1}
#endi f

Il

/'l Tenpl ate cl ass basi c_omani p
Il

#i f def MBI PL_DEF_TEMPARG

tenplate <class T, class charT, class traits =
ios _traits<charT> >

#el se

tenpl ate <class T, class charT, class traits>

#endi f

cl ass basic_omanip {

friend
basi c_ostreankcharT, traits>&
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oper at or<< (basi c_ostreanxcharT, traits>& o0s,
const basi c_omani p<T, charT,
traits>& a);

public :
typedef charT char _type;
typedef traits traits_type

typedef typenane traits::pos_type pos_type;
typedef typenane traits::off_type of f _type;

typedef typenane traits::int_type i nt_type;
private:
t ypedef basic_ios<charT, traits> i 0s_type;

typedef ios_type& (* pf_type) (ios_type& T);
public :

inline
basi c_omani p (pf _type, T);

private:

pf _type pf;
T manar g;

H

tenpl ate <class T> cl ass omanip

. public basic_omani p<T, char, ios_traits<char> >
{ }
/1

/'l Tenpl ate cl ass basic_smanip
/1
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tenpl ate <class T, class charT, class traits>
cl ass basic_smanip {

friend

basi c_istreankcharT, traits>&

operator>> (basic_istreankcharT, traits>& is,
const basi c_smani p<T, charT,
traits>& a);

friend

basi c_ostreankcharT, traits>&

oper at or << (basi c_ostreanxcharT, traits>& o0s,
const basi c_smani p<T, charT,
traits>& a);

public :
typedef charT char _type;
typedef traits traits_type

typedef typenane traits::pos_type pos_type;
typedef typenane traits::off_type of f _type;
typedef typenane traits::int_type I nt_type;

inline static
int_type eof () { return typenane traits:

eof (): }

inline static
char _type newine () { return typenane
();

traits::newine }
private:
t ypedef basic_ios<charT, traits> i 0s_type;

typedef ios_type& (* pf_type) (ios_type& T);

public :
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inline
basi c_smani p (pf_type, T);

private:

pf _type pf;
T manar g;

b

tenpl ate <class T>
class smanip : public basic_smani p<T, char,
los_traits<char> >

{
private:

typedef basic_ios<char, ios_traits<char> >

I 0s_type;

typedef ios type& (* pf_type) (ios_type& T);
public :

smani p (pf_type pf_arg, T argQ)

basi c_smani p<T, char,
ios_traits<char> > (pf_arg, arg)
{}

1

tenpl ate <class T, class charT, class traits>
i nline
basi c_i mani p<T, charT, traits>:
basic_imanip (pf_type pf_arg, T manarg_arg)
pf (pf_arg), manarg (manarg_arg) { }

tenpl ate <class T, class charT, class traits>
i nline
basi c_omani p<T, charT, traits>:
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basi c_omanip (pf_type pf_arg, T manarg_arg)
pf (pf_arg), manarg (manarg_arg) { }

tenpl ate <class T, class charT, class traits>
inline
basi c_smani p<T, charT, traits>:
basic_smanip (pf_type pf_arg, T manarg_arg)
pf (pf_arg), manarg (manarg_arg) { }

tenpl ate <class T, class charT, class traits>
basi c_istreankcharT, traits>&
operator>> (basic_istreankcharT, traits>& is,
const basic_i mani p<T, charT, traits>& a)

{

#i f def MBI PL_EXCEPT
try {

#endi f

(*a.pf) (is, a.nmanarg);
#i f def MBI PL_EXCEPT

}
catch (...)
{
is.setstate (ios_base::failbit);
}
#endi f
return is;

}

tenpl ate <class T, class charT, class traits>
basi c_ostreankcharT, traits>&
oper at or<< (basi c_ostreanxkcharT, traits>& o0s,
const basic_omani p<T, charT, traits>& a)

{

#i f def MBI PL_EXCEPT
try {

#endi f

(*a.pf) (os, a.nmanarg);
#i f def MBI PL_EXCEPT
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}
catch (...)

{

}
#endi f

return os;

0s.setstate (ios_base::failbit);

}

tenpl ate <class T, class charT, class traits>
basi c_istreankcharT, traits>&
operator>> (basic_istreankcharT, traits>& is,
const basic_smani p<T, charT, traits>& a)

{

#i f def MBI PL_EXCEPT
try {

#endi f

(*a.pf) (is, a.nmanarg);
#i f def MBI PL_EXCEPT

}
catch (...)
{
is.setstate (ios_base::failbit);
}
#endi f
return is;

}

tenpl ate <class T, class charT, class traits>
basi c_ostreankcharT, traits>&
oper at or<< (basi c_ostreanxcharT, traits>& o0s,
const basic_smani p<T, charT, traits>& a)

{

#i f def MBI PL_EXCEPT
try {

#endi f

(*a.pf) (os, a.nmanarg);
#i f def MBI PL_EXCEPT
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iatch (...)
{
0S.setstate (ios_base::failbit);
}
#endi f
return os;
}
Il
/| Standard Mani pul ators
Il

tenpl ate <class charT, class traits>

basi c_ios<charT, traits>&

freset (basic_ios<charT, traits>& str,
I os_base::fnmflags mask)

{
/'l reset specified flags
str.setf ((basic_ios<charT,
traits> :fntflags)0, nmask);
return str;
}

tenpl ate <class charT, class traits>

basi c_ios<charT, traits>&

fset (basic_ios<charT, traits>& str,
i os_base::fmflags mask)

{
/'l set specified flags
str.setf (mask);
return str;

}

tenpl ate <class charT, class traits>
basi c_ios<charT, traits>&
fsetbase (basic_ios<charT, traits>& str, int n)

{

/! set basefield
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str.setf ((n == 8) ? ios_base::oct
(n == 10) ? 1io0s_base::dec :
(n == 16) ? io0s_base::hex :

(basic_ios<charT, traits> :fntflags)O,
I 0s_base: : basefiel d);
return str;

}

/* MM nmm 960703a
tenpl ate <class charT, class traits>
basi c_ios<charT, traits>&
ffill (basic_ios<charT, traits>& str,
typenane basic_ios<charT, traits> :int_type

c)
{
/'l set fill character
str.fill (c);
return str;
}
MM nm 960703a */
Il
/'l Specialization for |ack of conpiler support
Il
basi c_i os<char, ios_traits<char> >&
ffill (basic_ios<char, ios_traits<char> >& str,
basi c_i os<char, ios_traits<char>
>::int_type c)
{
/'l set fill character
str.fill (c);
return str;
}

#i f def MSI PL_WCHART
basi c_i os<wchar t, ios traits<wchar t> >&
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ffill (basic_ios<wchar _t, ios traits<wchar_t> >&
str, basic_ios<wchar t, ios_traits<wchar _t>
> int_type c)

{
/[l set fill character
str.fill (c¢);
return str;

}

#endi f

tenpl ate <class charT, class traits>

basi c_ios<charT, traits>&

fprecise (basic_ios<charT, traits>& str,
streansi ze n)

{
/'l set precision
str.precision (n);
return str;

}

tenpl ate <class charT, class traits>
basi c_ios<charT, traits>&
fw dth (basic_ios<charT, traits>& str,streansi ze n)
{
/'l set width
str.width (n);
return str;

}

smani p <i os_base::fntflags>
resetiosflags (ios_base::fntflags mask)
{
return smani p<i os_base::fntflags> (& reset,
mask) ;

}

smani p <i os_base::fntflags>
setiosflags (ios_base::fntflags mask)
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{
return smani p<i os_base::fntflags> (&f set,
mask) ;
}
/*

tenpl ate <class charT, class traits>

basi c_smani p <basi c_ios<charT, traits> :fmfl ags,
charT, traits>

basi c_seti osfl ags (basic_ios<charT,
traits> :fmflags mask)

{
return basic_snani p<basi c_i os<charT,
traits> :fntflags, charT, traits>
(&f set, mask);
}
*/

smani p <int>
set base (i nt base)

{
}

/* MM nmm 960703a

tenpl ate <class charT, class traits>

basi c_smani p <typenane basi c_i os<charT,
traits> :int_type, charT, traits>

setfill (typenane basic_ios<charT,
traits> :int_type c)

return smani p<i nt> (& setbase, base);

{
return basic_smani p<typenane basi c_i os<charT,
traits> :int_type, charT, traits> (& fill
c);
}

MM mm 960703a */

/1
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/'l Specialization for |ack of conpiler support.

/1

basi c_smani p <basi c_i os<char, ios_traits<char>
>::int_type, char,ios_traits<char> >

setfill (basic_ios<char, ios_traits<char>
>::int_type c)

{
return basic_snani p<basi c_i os<char,
ios traits<char> >::int_type, char
los_traits<char> > (&fill, c);
}

#i f def MBI PL_WCHART

basi c_smani p <basi c_i os<wchar _t,
ios_traits<wchar_t> >::int_type,whar _t,
ios_traits<wchar _t> >

setfill (basic_ios<wchar_t, ios_traits<wchar t>
>::int_type c)

{
return

basi c_smani p<basi c_i os<wchar _t,ios_traits<wchar_t>
>::int_type, wchar_t, ios_traits<wchar_t> >
(& fill, c¢);

}

#endi f

smani p <streansi ze>
setprecision (streansize n)

{
}

return smani p<streansi ze> (&f precise, n);

smani p <streansi ze>
setw (streansi ze n)

{
}

return smani p<streansi ze> (& w dth, n);
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#i f def MSI PL_WCHART

tenpl ate <class T> class w manip
publ i c basic_imani p<T, wchar t,
los_traits<wchar_t> >

{ }

tenpl ate <class T> class womani p
publ i c basi c_omani p<T, wchar _t,
ios _traits<wchar t> >

{

tenpl ate <class T> class wsnani p
publ i ¢ basi c_smani p<T, wchar _t,
ios_traits<wchar t> >

{ b

#endi f /* MBI PL_WCHART */

#i f def MBI PL_USI NG_NAMESPACE
} /* namespace std */
#endi f

#endi f /* MBI PL_MANI PULATOR H */

/* Change | og

MM nm 960703a Commrent ed out to wor karound conpil er
probl em from Andres MSI PL- 1607 Corrections to
imanip to allowit to work as before.

*/
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/*/  Metrowerks Standard Library Version 1.5
1996 Septenber 30 [/*/

/**
** Li b++ . The Modena C++ Standard Library,
** Version 1.9, May 1996

** jstreamh
** Copyright (c) 1994-1996 Mbdena Software Inc.

**/

#i f ndef MSI PL_| OSTREAM H
#define MBI PL_| OSTREAM H

#i ncl ude <ntonpile. h>

#i ncl ude MOD_| NCLUDE( i stream
#i ncl ude MOD_|I NCLUDE( ost r eam

#i f def MBI PL_USI NG_NAMESPACE
namespace std {
#endi f

#i f def MBI PL_DEF_TEMPARG

tenpl ate <class charT, class traits =
ios traits<charT> >

#el se
tenpl ate <class charT, class traits>
#endi f
cl ass basi c_i ostream
public basic_istrean<charT, traits> public
basi c_ostreanxcharT, traits> {
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public:

/| constructor/destructor

explicit

basi c_i ostream (basi c_streanbuf<charT, traits>*
sb)

:basic_istreanxkcharT, traits>(sh),
basi c_ostreanxcharT, traits>(sh),

basi c_i os<charT, traits>(sbh)
{
}

virtual ~basic_iostream () { }

b

extern istreamcin;
extern ostream cout;
extern ostream cl og;
extern ostreamcerr;

static ios_base::Init _ nsipl_ios_init;
#i f def MBI PL_USI NG_NAMVESPACE

} /* namespace std */

#endi f

#endif /* MBI PL_| OSTREAM H */

/* Change record
*/
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[*]

Metrower ks Standard Library Version 1.5

1996 Septenber 30 [/*/

/**
* *
* *
* *
* *

**/

Li b++ . The Modena C++ Standard Library,
Version 1.9, May 1996

sstream h

Copyright (c) 1994-1996 Mbdena Software Inc.

#i f ndef MSI PL_STRI NGBUF_H

#def

i ne M8l PL_STRI NGBUF_H

#i ncl ude <ntonpile. h>

#i ncl ude MOD_| NCLUDE( i ostream

#i f def MSI PL_USI NG _NANMESPACE
nanespace std {
#endi f

#i f def MSI PL_DEF_TEMPARG
tenpl ate <class charT, class traits =

ios traits<charT> >

#el se

tenpl ate <class charT, class traits>
#endi f

cl ass basic_stringbuf : public

publ

basi c_streanbuf <charT, traits> {

iC:
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publ

publ

typedef charT char _type;
typedef traits traits_type

typedef typenane traits::pos_type pos_type;
typedef typenane traits::off_type of f _type;
typedef typenane traits::int_type i nt_type;

I C:
typedef string_char _traits<char type>

string_traits;
t ypedef basic_string<char_type, string_ traits>

string_type;
I C:
explicit
basi c_stringbuf (ios_base::opennode which =
I 0Ss_base::in | ios_base::out);
explicit

basi c_stringbuf (const string_ type& str,
i 0s_base: : opennode which =
i 0os_base::in | ios_base::out);

virtual ~basic_stringbuf ();

string_type
str () const;

voi d
str (const string type& str_arg);

pr ot ect ed:
/]
/1 | nherited functions

/11

virtual int_type
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I
/1
I
/1
I
/1
I
/1
I
/1
I
/1
I
/1
I
/1
I
/1

overflow (int_type ¢ = traits::eof ());

virtual void
I mbue (const | ocal e& | oc);

virtual int_type
pbackfail (int_type ¢ = traits::eof ());

virtual int_type
underflow ();

virtual pos_type

seekoff (off_type off, ios_base::seekdir way,
I 0s_base: : opennode which =
i 0os_base::in | ios_base::out);

virtual pos_type
seekpos (pos_type sp, io0s_base::opennode which
= i0os_base::in | io0s_base::out);

virtual streansize
showmanyc ();

virtual int_type
ufl ow ();

virtual streansize
xsgetn (char_type* s, streansize n);

virtual streansize
xsputn (const char_type* s, streamnsize n);

virtual basic_streanbuf<char type, traits>*
set buf (char_type* s, streansize n);

virtual int
sync ();
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Il
private:
voi d
init_string (const char_type* str, streansize
| en, streansize res);
voi d
init_copy (char_type* to, const char_type*
from streansize |en, streansize
res);
voi d
clean_string ();
char _type* bend; /'l To keep
/'l track of the buffer end
I 0s_base: : opennode node;
enum buf_size { inc_size = 32 };
/'l declare a nutex object.
Il
DEC_OBJ_LOCK( _mut ex)
1

#i f def MSI PL_DEF_TEMPARG

tenpl ate <class charT, class traits
los_traits<charT> >

#el se

tenpl ate <class charT, class traits>

#endi f

cl ass basic_istringstream: public
basi c_i streankcharT, traits> {

publi c:
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typedef charT char _type;
typedef traits traits_type

typedef typenane traits::pos_type pos_type;
typedef typenane traits::off_type of f _type;
typedef typenane traits::int_type i nt_type;

public:

typedef string_char _traits<char type>
string_traits;

t ypedef basic_string<char_type, string_ traits>
string_type;

typedef basic_stringbuf<char type, traits>
sb_type;

public:

explicit
basi c_istringstream (i os_base: : opennbode which
= i 0os_base::in);

explicit
basi c_istringstream (const string_type& str,
i 0s_base: : opennode whi ch
= i 0s_base::in);

virtual ~basic_istringstream{();

sb_type*
rdbuf () const;

inline
string_type
str () const;
inline

voi d
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str (const string type& str);
private:

sb_type sbuf;

b

#i f def Ml PL_DEF TEMPARG

tenpl ate <class charT, class traits =
los_traits<charT> >

#el se

tenpl ate <class charT, class traits>

#endi f

cl ass basic_ostringstream: public
basi c_ostreanxcharT, traits> {

publi c:
typedef charT char _type;
typedef traits traits_type

typedef typenane traits::pos_type pos_type;
typedef typenanme traits::off_type of f _type;
typedef typenanme traits::int_type I nt_type;

public:

typedef string_char_traits<char_type>
string_traits;

typedef basic_string<char type, string traits>
string_type;

t ypedef basic_stringbuf<char type, traits>
sb_type;

public:

explicit
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basi c_ostringstream (i os_base: : opennbode which
= i 0s_base: :out);

explicit
basi c_ostringstream (const string_type& str,
i 0s_base: : opennode whi ch
= i 0s_base: :out);

virtual ~basic_ostringstream{();

sb_type*
rdbuf () const;

inline
string_type
str () const;

inline
voi d
str (const string type& str);

private:

sb_type sbuf ;

#i f def MBI PL_DEF_TEMPARG
tenpl ate <class charT, class traits =

ios_traits<charT> >

#el se

tenpl ate <class charT, class traits>
#endi f

cl ass basic_stringstream: public

basi c_i ostreankcharT, traits> {

publi c:
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typedef charT char _type;
typedef traits traits_type

typedef typenane traits::pos_type pos_type;
typedef typenane traits::off_type of f _type;
typedef typenane traits::int_type i nt_type;

public:

typedef string _char _traits<char _type>
string_traits;

t ypedef basic_string<char_type, string_ traits>
string_type;

typedef basic_stringbuf<char type, traits>
sb_type;

public:

explicit

basi c_stringstream (i os_base: : opennode whi ch
i 0s_base::in |
I 0s_base: :out);

explicit

basi c_stringstream (const string type& str,
I 0s_base: : opennode whi ch
i 0s_base::in |
I 0s_base: :out);

virtual ~basic_stringstream ();

sb_type*
rdbuf () const;

inline
string_type
str () const;
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inline
voi d
str (const string type& str);

private:

sb_type sbuf ;

b

tenpl ate <class charT, class traits>
basi c_stringbuf<charT, traits>::basic_stringbuf
(i os_base: : opennode whi ch)
basi c_streanbuf <charT, traits> (), node (which),
bend (0)
{
}

tenpl ate <class charT, class traits>

basi c_stringbuf<charT, traits>::basic_stringbuf
(const string type& str,ios_base::opennode
whi ch)

basi c_streanbuf <charT, traits> (), node (which)

{
if (str.size () !'=0)
{
init_string (str.data (), str.size (),
(str.size ()/inc_size +
1)*inc_size);
}
el se
{
bend = O;
}
}

tenpl ate <class charT, class traits>
voi d
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basi c_stringbuf<charT, traits>:init_string (const
char _type* str, streansize |en, streansize res)

{
char _type* tnp = new char_type [res];
init_copy (tnp, str, len, res);

}

tenpl ate <class charT, class traits>

voi d

basi c_stringbuf<charT, traits>:.:init_copy
(char _type* to, const char_type* from
streansi ze | en, streansize res)

{
traits::copy (to, from |len);
if ((node & ios_base::in) !'= 0)
{
setg (to, to, to+len);
}
if ((nmode & ios_base::out) !'= 0)
{
setp (to, to+tlen);
}
bend = to + res;
}
tenpl ate <class charT, class traits>
voi d
basi c_stringbuf<charT, traits>::clean_string ()
{
if (gptr () !'=0)
{
del ete[] eback ();
}
else if (pptr () !'=0)
{
del ete[] pbase ();
}
init ();
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}

bend = 0O;

tenpl ate <class charT, class traits>

basi c_stri ngbuf <charT,

{

}

clean_string ();
REMOVE( _mut ex) ;

tenpl ate <class charT, class traits>
basi c_stringbuf<charT, traits>: :string_type
basi c_stringbuf<charT, traits>:.:str () const

{

}

LOCK( put _mut _bl ock, put _| ock);
LOCK(get nut bl ock, get | ock);

if (gptr () !'=0)

{
return string_type (eback (), (((pptr ()
= 0) & (pptr () > egptr ())) ?
pptr (): egptr ())-eback ());
}
else if (pptr () '=0)
{
return string type (pbase (), pptr ()-
pbase ());
}
el se
{
return string_type ();
}

tenpl ate <class charT, class traits>

voi d

basi c_stringbuf<charT, traits>::str (const

{

string_type& str)
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VRI TE_LOCK( _mnut ex) ;

LOCK( put _nut bl ock, put | ock);
LOCK( get _nmut _bl ock, get | ock);
streansize len = 0O;

char _type* tnp;

;; node shoul d be either in or out
if ((node & ios_base::out) !'= 0)

{ tnmp = pbase ();

Llse if ((node & ios_base::in) !'= 0)
{ tnmp = eback ();

}

| en = bend-tnp;
if (str.size () !'=0)

{
if ((str.size () >1len) || (tnmp == 0))
{
clean_string ();
init_string (str.data (), str.size (),
((str.sizelinc_size +
1)*inc_size));
}
el se
{
init_copy (tnp, str.data (), str.size
(), len);
}
}
el se
{
clean_string ();
}

tenpl ate <class charT, class traits>
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basi c_stringbuf<charT, traits>:.:int_type
basi c_stringbuf<charT, traits>::overflow (int_type

c)
{
if (traits::is_eof (c))
{
return traits::not_eof (c);
}
if ((node & ios_base::out) != 0)
{
if (lavail _witepos ())
{
i f (epptr () < bend)
{
setp (pbase (), epptr ()+1);
pbump (epptr ()-pbase ()-1);
}
el se
{

streansi ze gsize = gptr ()-eback ();
streansi ze psize = pptr ()-pbase ();
size_t nsize = (psizelinc_size +

1) *inc_size;

char _type* tnp = new char_type

[ nsi ze];
traits::copy (tnp, pbase (), psize);
clean_string ();

/'l setting the put area pointers
setp (tnp, tnp+psize+l);
bend = tnp + nsi ze;
pbunp (psize);
if ((nmode & ios_base::in) !'=0)
{
/1 Also adjust the get area
/'l pointers

setg (tmp, tnp+gsize, pptr ());
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}
}
}
}
if (avail _witepos ())
{
pptr ()[0] = c;
pbunp (1);
if ((nmode & ios_base::in) !'=0)
{
setg (eback (), gptr (), pptr ());
}
return traits::to_int_type (c);
}

return traits::eof ();

}

tenpl ate <class charT, class traits>

voi d

basi c_stringbuf<charT, traits>::inbue (const
| ocal e& | oc_arg)

{
}

loc = loc_arg;

tenpl ate <class charT, class traits>
basi c_stringbuf<charT, traits>::int_type
basi c_stringbuf <charT, traits>::pbackfai

(int_type c)
{
Il
/1 1f the function can succeed in nore than one of
/'l these ways, which way shoul d be chosen ??
Il

i f (avail _putbackpos ())

{

if (traits::is_eof (c))

{
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}

}

gbunp (-1);
return traits::not_eof (c);
}
el se
{
if (traits::eq_int_type (c,
traits::to_int_type (gptr ()[-1])))
{
gbunp (-1);
}
else if ((node & ios_base::out) !'= 0)
{
gbunp (-1);
gptr ()[0] = traits::to_char_type
(c);
}
el se
{
return traits::eof ();
}
}
return c;

return traits::eof ();

tenpl ate <class charT, class traits>
basi c_stringbuf<charT, traits>:.:int_type
basi c_stringbuf<charT, traits>::underflow ()

{

it (gptr () !'=0)

{

if (((nmode & ios_base::out) '=0) &&

(! (gptr () < egptr ())) &&
(pptr () > egptr ()))

setg (eback (), gptr (), pptr ());
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if (gptr () < egptr ())
{

}

return traits::to_int_type (*gptr ());

return traits::eof ();

tenpl ate <class charT, class traits>

basi c_stringbuf<charT, traits>::pos_type

basi c_stringbuf<charT, traits>::seekoff (off_type
of f, ios_base::seekdir way,

i 0s_base: : opennode whi ch)

of f _type newoff = -1;

if ((((which & ios_base::in) == which) &&

(gptr ()!'=0)) ||
(((which & ios_base::out) == which) &&

(pptr () '=0)) ||
(((which & (ios_base::in | ios_base::out))

== (ios_base::in | i0os_base::out)) &&
(gptr ()!=0) && (pptr ()!=0) &&

((way & (ios_base::beg | io0s_base::end))
1=0)))

/1
/1 1f nore than one way is set, it is an
/'l error.

/1

if (((way & ios_base::beg) == way) ||
((way & ios_base::end) == way) ||
((way & io0s_base::cur) == way))

{

of f _type posin = 0; Il way ==
I 0S_base: : beg
11l
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/1 if way == basic_ios::cur set posin
/'l = xnext - xbeg.
iIf ((way & ios_base::cur) !'= 0)

if (gptr () !'=0)

posin = gptr ()-eback ();
else if (pptr () !'= 0)

posin = pptr ()-pbase ();

}
/1]
/1 if way == basic_ios::end set posin
/'l = xend - xbeg.
else if ((way & ios_base::end) != 0)
{
if ((gptr () !'=0) && (egptr () >
pptr ()))
posin = egptr ()-eback ();
else if ((pptr () '=0) && (gptr ()
== O))
posin = epptr ()-pbase ();
el se
{
setg (eback (),gptr (),pptr ());
posin = pptr ()-eback ();
}
}

if ((which & ios _base::in) !'=0)
{
if (((posin + off) >=0) &&
((egptr ()-eback ()) >= (posin

+ off)))
{
newof f = posi n+of f;
gbunp (eback ()-gptr ()-+newoff);
}

if ((which & ios_base::out) !'= 0)
pbump (gptr ()-pptr ());
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else if ((which & ios_base::out) !'= 0)

{
if (((posin + off) >= 0) &&
((epptr ()-pbase ()) >= (posin
+ off)))
{
newof f = posin+off;
pbunp (pbase ()-pptr ()+newoff);
}
}

}
}

return pos_type (newoff);

}

tenpl ate <class charT, class traits>

basi c_stringbuf<charT, traits>::pos_type

basi c_stringbuf <charT, traits>::seekpos (pos_type
sp, i0s_base::opennode which)

{

of f type newoff = -1;

if ((newoff = sp.offset ()) < 0)
return pos_type (newoff);

if ((gptr () '=0) && (pptr () !'=0) && (egptr
() <pptr ()))
setg (eback (), gptr (), pptr ());

if ((which & ios_base::in) & (gptr () !'=0))
{
if (newoff <= (egptr ()-eback ()))
{
gbunp (newoff+eback ()-gptr ());
Il
/1 1f out specified then make next
/'l pointer of output sequence equal to
/'l next pointer of input sequence
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Il
if ((which & ios_base::out) && (pptr
() '=0))
pbump (gptr ()-pptr ());
}
el se
newof f = -1;
}
else if ((which & ios_base::out) && (pptr () !=
0))
{
if (newoff <= (epptr ()-pbase ()))
pbunp (newoff+pbase ()-pptr ());
el se
newof f = -1;
}
el se
newoff = -1;

return pos_type (newoff);

}

tenpl ate <class charT, class traits>

basi c_i stringstreanxcharT,
traits>::basic_istringstream

(i os_base: : opennode whi ch)

: basic_istreankcharT, traits> (0), sbuf (which)
{
}

init (&sbuf);

tenpl ate <class charT, class traits>

basi c_istringstreankcharT,
traits>::basic_istringstream (const string type&
str, io0s_base::opennode which)
basic_istreankcharT, traits> (0), sbuf (str,
whi ch)
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init (&sbuf);
}

tenpl ate <class charT, class traits>
basic_istringstrean<charT,traits>
. ~basic_istringstream ()
{
}

tenpl ate <class charT, class traits>
basi c_istringstrean<charT, traits>::sb_type*
basi c_istringstreanxkcharT, traits>::rdbuf () const

{
/'l use dynam c cast
/'l return dynam c_cast <sb_type*>
/'l (basic_ios<charT, traits>::rdbuf ());
/'l return const_cast<sb type*> (&sbuf);
return (sb_type*) (&sbuf);

}

tenpl ate <class charT, class traits>
inline
basi c_istringstreanxcharT, traits> :string_type
basi c_istringstrean<charT, traits>. :str () const
{

return rdbuf ()->str ();

/1l return sbuf.str ();

}

tenpl ate <class charT, class traits>

i nline

voi d

basi c_istringstreanckcharT, traits>::str (const
string _type& str_arg)

{
rdbuf ()->str (str_arg);
/'l sbuf.str (str_arg);
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tenpl ate <class charT, class traits>

basi c_ostringstreanxcharT, traits>

. basic_ostringstream (i os_base: : opennode whi ch)
. basic_ostreanxcharT, traits> (0), sbuf (which)

{
}

init (&sbuf);

tenpl ate <class charT, class traits>

basi c_ostringstreanxkcharT,traits>
: . basic_ostringstream (const string_type& str,
I 0s_base: : opennode whi ch)
basi c_ostreanxcharT, traits> (0), sbuf (str,
whi ch)

{

}

init (&sbuf);

tenpl ate <class charT, class traits>
basi c_ostringstreanxcharT,traits>
.. ~basic_ostringstream ()
{
}

tenpl ate <class charT, class traits>
basi c_ostringstreanxcharT, traits>::sb type*
basi c_ostringstreanxcharT, traits>: :rdbuf () const
{

/'l use dynam c cast

/'l return dynam c_cast <sb_type*>
(basic_ios<charT, traits>: :rdbuf ());

/'l return const_cast<sb_type*> (&sbuf);

return (sb_type*) (&sbuf);
}

tenpl ate <class charT, class traits>
i nline
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basi c_ostringstreanx<charT, traits>::string_type
basi c_ostringstreankcharT, traits> :str () const
{

return rdbuf ()->str ();

/'l return sbuf.str ();

}

tenpl ate <class charT, class traits>

inline

voi d

basi c_ostringstreanxcharT, traits>::str (const
string type& str_argq)

{
rdbuf ()->str (str_arg);
/'l sbuf.str (str_arg);
}
I/
/'l basic_stringstream nenbers
I/

tenpl ate <class charT, class traits>

basi c_stringstreanccharT, traits>:

basi c_stringstream (i os_base: : opennode whi ch)

. basic_iostreanm<charT, traits> (0), sbuf (which)
{
}

init (&sbuf);

tenpl ate <class charT, class traits>
basi c_stringstreanccharT, traits>:
basi c_stringstream (const string_type& str,
i 0s_base: : opennode whi ch)
basi c_i ostreanxcharT, traits> (0), sbuf (str,
whi ch)
{
init (&sbuf);
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}

tenpl ate <class charT, class traits>
basi c_stringstreanxcharT,traits>
: . ~basic_stringstream ()
{
}

tenpl ate <class charT, class traits>
basi c_stringstrean<charT, traits>::sb_type*

basi c_stringstrean<charT, traits>::rdbuf () const

{
/'l use dynam c cast
/'l return dynam c_cast <sb_type*>
/1 (basic_ios<charT, traits>::rdbuf ());
/'l return const_cast<sb_type*> (&sbuf);
return (sb_type*) (&sbuf);

}

tenpl ate <class charT, class traits>
i nline
basi c_stringstreanccharT, traits>::string_type
basi c_stringstreankcharT, traits>::str () const
{

return rdbuf ()->str ();

/'l return sbuf.str ();

}

tenpl ate <class charT, class traits>
inline
voi d
basi c_stringstrean<charT, traits>::str (const
string type& str_arqg)
{
rdbuf ()->str (str_arg);
/'l sbuf.str (str_arg);
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t ypedef basic_stringbuf<char, ios_traits<char>>

st ri ngbuf;
t ypedef basic_istringstream <char,
ios_traits<char> > i stringstream
t ypedef basic_ostringstream <char,
ios_traits<char> > ostringstream
typedef basic_stringstream <char, ios traits
<char> > stringstream
#i f def MSI PL_WCHART
t ypedef basic_stringbuf<wchar t,
los_traits<wchar_t> > wst ri ngbuf ;
t ypedef basic_istringstream <wchar t,
ios_traits<wchar t> > W stringstrean
t ypedef basic_ostringstream <wchar _t,
ios_traits<wchar t> > wost ri ngstream
t ypedef basic_stringstream <wchar _t,
ios _traits<wchar t> > wstringstream

#endi f

#i f def MBI PL_USI NG_NAMESPACE
} /* namespace std */

#endi f

#endi f /* MBI PL_STRI NGBUF_H */

/* Change record
*/
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