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Introduction

thousands of applications. However, the knowledge of how to take

advantage of its full potential comes only with time and experience.
That’s where this book comes in. Think of it as a “cookbook” for solving
your programming problems, much as The Joy of Cooking is a guide to
solving your dinner dilemmas.

C ++ is a flexible, powerful programming language with hundreds of

C++ Timesaving Techniques For Dummies is a book for the beginning-to-
advanced C++ programmer who needs immediate answers to the prob-
lems that crop up in the professional software-development world. I
assume that you have prior programming experience, as well as experi-
ence specifically with the C++ programming language. “Fluff” — like dis-
cussions of looping structures or defining variables, or the basics of
compiling applications — is kept to a minimum here. Instead, I offer
quick, step-by-step instructions for solving specific problems in C++.

Each technique includes example code — which you are welcome to use
in your own applications, or modify as you see fit. This is literally a case
of “steal this code, please.” C++ is a language that lends itself well to
component-based design and implementation. This means that you can
take a piece from here and a piece from there to implement the solution
that you have in mind.

C++ Timesaving Techniques For Dummies is not an operating-system-
specific (or even compiler-specific) book. The techniques and code that
you find here should work on all compilers that support the standard

C++ language, and on all operating systems for which a standard com-
piler exists. This book is intended to be as useful to the Unix programmer
as to the Microsoft Windows programmer, and just as useful for program-
ming with X-windows as it is for .Net.

My goal in writing this book is to empower you with some of the stronger
features of C++, as well as some great tips and methods to solve everyday
problems, without the headaches and lost time that go with trying to fig-
ure out how to use those tools. C++ provides simple, fast, powerful solu-
tions to meet the demands of day-to-day programming — my goal is to
save you time while making the tools clear and easy to use.
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Saving Time with This Book

The Timesaving Techniques For Dummies books focus
on big-payoff techniques that save you time, either

on the spot or somewhere down the road. And these
books get to the point in a hurry, with step-by-step
instructions to pace you through the tasks you need
to do, without any of the fluff you don’t want. I've iden-
tified more than 70 techniques that C++ programmers
need to know to make the most of their time. In addi-
tion, each technique includes code samples that make
programming a breeze. Decide for yourself how to use
this book: Read it cover to cover if you like, or skip
right to the technique that interests you the most.

In C++ Timesaving Techniques For Dummies, you can
find out how to

1 Reduce time-consuming tasks: I'm letting you in
on more than 70 tips and tricks for your C++ sys-
tem, so you can spend more time creating great
results and less time fiddling with a feature so
that it works correctly.

v Take your skills up a notch: You're already famil-
iar with the basics of using C++. Now this book
takes you to the next level, helping you become a
more powerful programmer.

v Work with the basics of C++ to meet your needs: |
show you how to bend the fundamentals of object-
oriented programming and the pre-processor so
that your programs work faster and more reliably.

1 Improve your skills with types, classes, arrays,
and templates: Fine-tuning your abilities with
these elements will improve your programs’
functionality and make your code more readable.

v Understand the finer points of input and output:
Improving the way you work with input and out-
put will reduce memory loss and increase speed.

v Use built-in functionality and utilities: Gaining
familiarity with these features will help you get
the most out of what C++ already offers.

v Improve your debugging skills: Getting better at
debugging will speed up the whole programming
process.

What's Available on the
Companion Web Site?

The companion Web site for this book contains all
the source code shown for the techniques and exam-
ples listed in this book. This resource can save you
considerable typing when you want to use the code
in your own applications, as well as allowing you to
easily refer back to the original code if you modify
the things you find here. You can find the site at
www.dummies.com/go/cpluspluststfd.

Obviously, in order to utilize the code in the book,
you will need a C++ compiler. The code in this book
was all tested with the GNU C++ compiler, a copy of
which you will find on the GNU organization’s Web
site: www.gnu.org. This compiler is a public-domain
(read: free) compiler that you can use in your own
development, or simply to test things on computers
that don’t have a full-blown commercial develop-
ment system. The GNU C++ compiler contains all the
standard header files, libraries, debuggers, and
other tools that C++ programmers expect.

If you already own another compiler, such as Visual
Studio, Borland’s C++Builder, or another compiler,
hey, no worries. The code you find here should work
with any of these compilers, as long as you follow
the standards for defining header files and including
code libraries.

Conventions Used in This Book

When I describe output from the compiler, operating
system, or application you're developing, you will
see it in a distinctive typeface that looks like this:

This is some output

Source-code listings — such as the application
you're developing and feeding to the compiler to
mangle into executable code — will look like this:
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// This is a loop
for ( int i=0; i<10; ++i )
printf("This is line %d\n", i );

If you are entering code by hand, you should enter it
as you see it in the book, although spaces and blank
lines won’t matter. Comments can be skipped, if you
so choose, but in general, the code is commented as
it would be in a production environment.

In general, the code and text in the book should be
quite straightforward. The entries are all in list
format, taking you step by step through the process
of creating source files, compiling them, and
running the resulting application. The code is all
compiler-agnostic — that is, it doesn’t indicate
(because it doesn’t know) the specific compiler
commands you will use for the compiler you have on
your machine. Please refer to your compiler’s docu-
mentation if you have specific questions about the
compilation and linking process for your specific
compiler or operating system.

What’s In This Book

This book is organized into parts — groups of tech-
niques about a common subject that can save you
time and help you get your program written fast and
running better. Each technique is written to be inde-
pendent of the others; you need only implement the
techniques that benefit you and your users.

Part I: Streamlining the Means and
Mechanics of 00P

In this part, you learn the basic concepts of object-
oriented programming and how they apply to the
C++ programming language.

What's In This Book 3

Part II: Working with the Pre-Processor

The C++ pre-processor is a powerful tool for cus-
tomizing your application, making your code more
readable, and creating portable applications. In this
section, you get some handy ways to wring the most
out of the pre-processor; some handy techniques
explain how to create portable code, and the voice
of experience reveals why you should avoid the
assert macro.

Part lll: Types

The C++ language is rich in data types and user-
definable types. In this section, we explore using the
built-in types of the language, as well as creating
your own types that can be used just like the built-in
ones. You find techniques in this section that explain
structures and how you can use them. You also zero
in on enumerations and creating default arguments
for methods.

Part IV: Classes

The core of the C++ programming language is the
class. In this section, you get a look at how to create
complete classes that work in any environment — as
well as how to perform data validation and manipu-
lation, create properties for your class, and inherit
from other people’s classes.

Part V: Arrays and Templates

Container classes are a core element of the Standard
Template Library (STL), an important part of the C++
programming environment. In this section, you get
the goods on working with the various container
classes, as well as creating your own containers.
Here’s where to find out how to iterate over a collec-
tion of objects, and how to allocate and de-allocate
blocks of objects.
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Part VI: Input and Output

It would be a rare program indeed that did not have
some form of input and output. After all, why would
a user bother to run a program that could not be
controlled in some way, or at least yield some sort of
useful information? In this section, we learn all about
various forms of input and output, from delimited
file input to XML file output, and everything in
between.

Part VII: Using the Built-in Functionality

One hallmark of the C++ programming language is
its extensibility and reusability. Why reinvent the
wheel every time you write an application? C++
makes it easy to avoid this pitfall by providing a ton
of built-in functionality. In this section, you get to
use that built-in functionality — in particular, the
C++ library and STL — to implement a complete
internationalization class. You also get pointers on
avoiding memory leaks, using hash tables, and over-
riding allocators for a container class.

Part VIII: Utilities

The single best way to learn C++ techniques is to
look at the way that other people implement various
things. This section contains simple utilities that can
sharpen your coding techniques, and it provides
valuable code that you can drop directly into your
applications. You will find techniques here for
encoding and decoding data, converting data into a
format that the World Wide Web can understand,
and opening a file using multiple search paths.

Part IX: Debugging C++ Applications

One of the most important things to understand
about programs is that they break. Things go wrong,
code behaves in unexpected ways, and users do
things you (and sometimes they) didn’t intend.

When these things happen, it is extremely important
that you understand how to track down the issues in
the code. In this section, you learn valuable tech-
niques for creating tracing macros, tracking down
memory leaks, and checking for errors at run-time.

Part X: The Scary (or Fun!) Stuff

This part contains techniques to help you take con-
trol of the complexity of your code, and ways you
can avoid being intimidated by convoluted code you
might run into while working. Not being afraid of
your code is the number-one area of importance in
programming; this section will aid you in that
endeavor.

Icons Used in This Book

Each technique in this book has icons pointing to
special information, sometimes quite emphatically.
Each icon has its own purpose.

When there’s a way to save time, either now
or in the future, this icon leads the way. Home
in on these icons when every second counts.

¥
e~
&

This icon points to handy hints that help you
work through the steps in each technique, or
offer handy troubleshooting info.

These icons are your trail of breadcrumbs,
leading back to information that you'll want to
keep in mind.

When you see a Warning icon, there’s a
chance that your data or your system is at risk.
You won’t see many of these, but when you
do, proceed with caution.

* e @
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capsule” and that is exactly the approach that C++ uses. An object

is a “capsule” and the information and processing algorithms that
it implements are hidden from the user. All that the users see is the
functional-level interface that allows them to use the class to do the job
they need done. By placing the data within the interface, rather than
allowing the user direct access to it, the data is protected from invalid
values, wrongful changes, or improper coercion to new data types.

The dictionary defines encapsulation as “to encase in or as if in a

that has been updated by another source. It doesn’t really add any-
thing to your program, but it does take time to change things when
someone has modified the algorithm being used. If you hide the algo-
rithm from the developer — and provide a consistent interface — you
will find that it takes considerably less time to change the application
when the base code changes. Since the user only cares about the data
and how it is computed, keeping your algorithm private and your
interface constant protects the data integrity for the user.

z Most time wasted in application development is spent changing code
)

&

Creating and Implementing
an Encapsulated Class

Listing 1-1 presents the StringCoding class, an encapsulated method of
encryption. The benefit of encapsulation is, in effect, that it cuts to the
chase: The programmer utilizing our StringCoding class knows nothing
about the algorithm used to encrypt strings — and doesn’t really need to
know what data was used to encrypt the string in the first place. Okay,
but why do it? Well, you have three good reasons to “hide” the implemen-
tation of an algorithm from its user:

v Hiding the implementation stops people from fiddling with the input
data to make the algorithm work differently. Such changes may be
meant to make the algorithm work correctly, but can easily mess it up;
either way, the meddling masks possible bugs from the developers.
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v Hiding the algorithm makes it easy to replace the
implementation with a more workable alternative
if one is found.

v Hiding the algorithm makes it more difficult for
people to “crack” your code and decrypt your
data.

The following list of steps shows you how to create
and implement this encapsulated method:

LisTinGg 1-1: THE STRINGCoODING CLASS

1

In the code editor of your choice, create a new
file to hold the code for the definition of your
source file.

In this example, the file is named ch01.cpp,
although you can use whatever you choose.

Type the code from Listing 1-1 into your file,
substituting your own names for the italicized
constants, variables, and filenames.

Or better yet, copy the code from the source file
included on this book’s companion Web site.

#include <stdio.h>
#finclude <string>

class StringCoding
it
private:
// The key to use in encrypting the string
std::string sKey;
public:
// The constructor, uses a preset key
StringCoding( void )
it
sKey = "ATest";
}

// Main constructor, allows the user to specify a key

StringCoding( const char *strKey )
it
if ( strKkey )
sKey = strKey;
else
sKey = "ATest";
}
// Copy constructor
StringCoding( const StringCoding& aCopy )
{
sKey = aCopy.sKey;
1

public:
// Methods
std::string Encode( const char *strln );
std::string Decode( const char *strln );
private:
std::string Xor( const char *strln );

}s
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std::string StringCoding::Xor( const char *strln )
{

std::string sOut =

int nindex = 0;
for ( int i=0; i<(int)strlen(strin); ++i )
{

char ¢ = (strIn[i]l » sKey[nIndex]);

sQut += c;

nindex ++;

if ( nIndex == sKey.length() )

nindex = 0;

}

return sOut;

}

// For XOR encoding, the encode and decode methods are the same.
std::string StringCoding::Encode( const char *strln )

return Xor( strin );

std::string StringCoding::Decode( const char *strln )

return Xor( strin );

int main(int argc, char **argv)

if ( argc < 2 )

{
printf("Usage: chl_1 inputstringl [inputstring2...]J\n");
exit(l);

}

StringCoding key("XXX");

for ( int i=1; i<argc; ++i )

{
std::string sEncode = key.Encode( argv[i] );
printf("Input String : [%s]\n", argv[i] );
printf("Encoded String: [%s]\n", sEncode.c_str() );
std::string sDecode = key.Decode( sEncode.c_str() );
printf("Decoded String: [%s]\n", sDecode.c_str() );

}

printf("%d strings encoded\n", argc-1);
return 0;

9
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3. Save the source code as a file in the code-editor
application and then close the code editor.

4.

Compile your completed source code, using
your favorite compiler on your favorite operat-
ing system.

Run your new application on your favorite
operating system.

5.

If you have done everything properly, you should
see the output shown here in the console window of
your operating system:

$ ./chl_l.exe "hello"

Input String : [hello]
Encoded String: [0=447]
Decoded String: [hello]

1 strings encoded

Note that our input and decoded strings are the
same — and that the encoded string is completely
indecipherable (as a good encrypted string should
be). And any programmer using the object will never
see the algorithm in question!

LisTinGg 1-2: UPDATING THE STRINGCODING CLASS

Technique 1: Protecting Your Data with Encapsulation

Making Updates to an
Encapsulated Class

One of the benefits of encapsulation is that it makes
updating your hidden data simple and convenient.
With encapsulation, you can easily replace the
underlying encryption algorithm in Listing 1-1 with
an alternative if one is found to work better. In our
original algorithm, we did an “exclusive logical or”
to convert a character to another character. In the
following example, suppose that we want to use a
different method for encrypting strings. For simplic-
ity, suppose that this new algorithm encrypts strings
simply by changing each character in the input
string to the next letter position in the alphabet: An

a becomes a b, a c becomes a d, and so on. Obviously,
our decryption algorithm would have to do the exact
opposite, subtracting one letter position from the
input string to return a valid output string. We could
then modify the Encode method in Listing 1-1 to reflect
this change. The following steps show how:

1. Reopen the source file in your code editor.

In this example, we called the source file
ch01.cpp.

2.

Modify the code as shown in Listing 1-2.

std::string StringCoding::Encode( const char *strln )

{

std::string sQut =

for ( int i=0; i<(int)strlen(strin); ++i
{

char ¢ = strin[il;

c ++;

sQut += c;

}
return sOut;

}

)

std::string StringCoding::Decode( const char *strln )

{

std::string sOut =



for ( int i=0;
{

i<(int)strlen(strin); ++i

char ¢ = strin[i];

c s

sQut += c;
}
return sOut;

)

Making Updates to an Encapsulated Class
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3. Save the source code as a file in the code editor
and then close the code editor.

4. Compile the application, using your favorite
compiler on your favorite operating system.

5. Run the application on your favorite operating

system.

You might think that this approach would have an
impact on the developers who were using our class.
In fact, we can make these changes in our class
(check out the resulting program on this book’s
companion Web site as ch1_la.cpp) and leave the
remainder of the application alone. The developers
don’t have to worry about it. When we compile and
run this application, we get the following output:

$ ./chl_la.exe "hello"
Input String : [hello]
Encoded String: [ifmmp]
Decoded String: [hello]
1 strings encoded

As you can see, the algorithm changed, yet the
encoding and decoding still worked and the applica-
tion code didn’t change at all. This, then, is the real
power of encapsulation: It’s a black box. The end

users have no need to know how something works in
order to use it; they simply need to know what it
does and how to make it do its thing.

Encapsulation also solves two other big problems in
the programming world:

v By putting all the code to implement specific
functionality in one place, you know exactly
where to go when a bug crops up in that func-
tionality. Rather than having to chase the same
code in a hundred scattered places, you have it
in one place.

You can change how your data is internally
stored without affecting the program external to
that class. For example, imagine that in the first
version of the code just given, we chose to use
an integer value rather than the string key. The
outside application would never know, or care.

If you really want to “hide” your implementa-
tion from the user — yet still give the end user
a chance to customize your code — implement
your own types for the values to be passed in.
Doing so requires your users to use your spe-
cific data types, rather than more generic ones.
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“the process of leaving out of consideration one or more properties

of a complex object so as to attend to others.” Basically, this means
that we need to pick and choose the parts of our objects that are impor-
tant to us. To abstract our data, we choose to encapsulate those portions
of the object that contain certain basic types of functionality (base
objects) — that way we can reuse them in other objects that redefine
that functionality. Such basic objects are called, not surprisingly, base
classes. The extended objects are called inherited classes. Together they
form a fundamental principle of C++. Abstraction in C++ is provided
through the pure virtual method. A pure virtual method is a method in a
base class that must be implemented in any derived class in order to
compile and use that derived class.

The American Heritage Dictionary defines the term abstraction as

] Virtual methods are one of the best timesavers available in C++.
e («a By allowing people to override just small pieces of your application
& functionality — without requiring you to rewrite the entire class — you
give them the chance to extend your work with just a small amount of
effort of their own. The concept of abstraction is satisfied through the
virtual method because the base-class programmer can assume that
later programmers will change the behavior of the class through a
defined interface. Because it's always better to use less effort, using
virtual methods means your code is more likely to be reused — leading
to fewer errors, freeing up more time to design and develop quality
software.

Creating a Mailing-List Application

This concept is just a little bit abstract (pardon the pun), so here’s a con-
crete example to show you how abstraction really works: Assume you
want to implement a mailing list for your company. This mailing list
consists of objects (called mailing-list entries) that represent each of the
people you're trying to reach. Suppose, however, that you have to load
the data from one of two sources: from a file containing all the names, or
directly from the user’s command line. A look at the overall “flow” of this
application reveals that the two sides of this system have a lot in common:



To handle input from a file, we need some place to
store the names, addresses, cities, states, and zip
codes from a file. To handle input from the command
line, we need to be able to load that exact same data
from the command line and store it in the same place.
Then we need the capability to print those mailing-list
items or merge them into another document. After
the input is stored in memory, of course, we don’t
really care how it got there; we care only how we can
access the data in the objects. The two different
paths, file-based and command-line-based, share the
same basic information; rather than implement the
information twice, we can abstract it into a container
for the mailing-list data. Here’s how to do that:

LisTING 2-1: THE BASEMAILINGLISTENTRY CLASS
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Creating a Mailing-List Application

In the code editor of your choice, create a new
file to hold the code for the definition of the
class.

In this example, the file is named ch02.cpp,
although you can use whatever you choose.

Type the code from Listing 2-1 into your file,
substituting your own names for the italicized
constants, variables, and filenames.

Better yet, copy the code from the source file on
this book’s companion Web site.

#include <string>
#Finclude <iostream>
#include <stdio.h>

class BaseMailinglListEntry

t

private:
std::string sFirstName;
std::string slLastName;
std::string sAddressLinel;
std::string sAddresslLine?;
std::string sCity;
std::string sState;
std::string sZipCode;

public:
BaseMailinglListEntry(void)
{
}

BaseMailinglListEntry( const BaseMailinglListEntry& aCopy )

{
sFirstName = aCopy.sFirstName;
sLastName = aCopy.slLastName;
sAddressLinel = aCopy.sAddresslLinel;
sAddressLine?2 = aCopy.sAddresslLine?;
sCity = aCopy.sCity;
sState = aCopy.sState;
sZipCode = aCopy.sZipCode;

}

virtual bool First(void)
virtual bool Next(void)

0; // A pure virtual
0; // Another pure virtual

function
function

(continued)
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LisTinG 2-1 (continued)

// Accessors

std::string getFirstName() { return sFirstName; };
std::string getlLastName() { return sLastName; };
std::string getAddressl() { return sAddressLinel; };
std::string getAddress2() { return sAddressLine2; };
std::string getCity() { return sCity; };
std::string getState() { return sState; }
std::string getZipCode() { return sZipCode; }

void setFirstName(const char *strFirstName)
{ sFirstName = strFirstName; };

void setlLastName(const char *strlLastName)
{ sLastName = strlLastName; };

void setAddressl( const char *strAddressl)
{ sAddresslLinel = strAddressl; };

void setAddress2( const char *strAddress?2)
{ sAddresslLine?2 = strAddress?2; };

void setCity(const char *strCity)
{ sCity = strCity; };

void setState(const char *strState)
{ sState = strState; };

void setZipCode( const char *strZipCode )
{ sZipCode = strZipCode; };
Vs

Notice that in Listing 2-1, our base class (the 3
77 class) contains all the data we’ll be using in :
common for the two derived classes (the File Using your favorite code editor, add the code in
MailingListEntry and CommandLineMailing Listing 2-2.

ListEntry classes), and implements two
methods — First and Next, which allow those
derived classes to override the processes of
loading the components of the data (whether
from a file or the command line).

Save the file in your source-code editor.

)

You may optionally save this code in a separate
header file and include that header file in your
main program as well.

LisTinGg 2-2: THE FILEMAILINGLISTENTRY CLASS

class FileMailingListEntry : public BaseMailingListEntry
{

FILE *fpln;
public:
FileMailingListEntry( const char *strFileName )
{
fpIn = fopen(strFileName, "r");
}

virtual bool ReadEntry(void)
{



char szBuffer[ 256 1;

fread( szBuffer, sizeof(char), 255, fpln );
if ( feof(fpln) )

return false;
setFirstName( szBuffer );
fread( szBuffer, sizeof(char), 255, fpln );
setFirstName( szBuffer );
fread( szBuffer, sizeof(char), 255, fpln );
setAddress1( szBuffer );
fread( szBuffer, sizeof(char), 255, fpln );
setAddress2( szBuffer );
fread( szBuffer, sizeof(char), 255, fpln );
setCity( szBuffer );
fread( szBuffer, sizeof(char), 255, fpln );
setState( szBuffer );
fread( szBuffer, sizeof(char), 255, fpln );

setZipCode( szBuffer );
return true;

}

virtual bool

{

First(void)

Creating a Mailing-List Application
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// Move to the beginning of the file, read in the pieces

fseek( fpIn, 0L, SEEK_SET );
return ReadEntry();
}
virtual bool Next(void)
{
// Just get the next one in the file
return ReadEntry();

Please note that we do no error-checking in any
of this code (that’s to avoid making it any larger).
A closer look at this object (before moving on to
the last object in the group) shows that this class

allocates no storage for the various components 5.
of the mailing-list entry — nor will you find any
accessor functions to retrieve those compo- 6.

nents. Yet the class is derived from the base

class (which implements all this functionality),

so we can utilize the storage defined there. This

is a really nice feature; it allows us to encapsu-

late the data in one place and put the “real” func-

tionality in another. You can also see that we've y A

implemented the two required pure virtual func-
tions (First and Next) to make the class read
the data from a file.

Save the source file in your source-code
re-editor.

Using the code editor, add the code in Listing
2-3 to your source-code file.

You may optionally save this code in a separate
header file and include that header file in your
main program as well.

Save the source file in your source-code editor.
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LisTinGg 2-3: THE CoMmmANDLINEMAILINGLISTENTRY CLASS

class CommandLineMailinglListEntry : public BaseMailinglListEntry

{
private:

bool GetALine( const char *prompt, char *szBuffer )
{

puts(prompt);

gets(szBuffer);

// Remove trailing carriage return
szBuffer[strlen(szBuffer)-1] = 0;

if ( strlen(szBuffer) )
return true;
return false;
}
bool GetAnEntry()
it
char szBuffer[ 80 1;
if ( GetALine( "Enter the last name of the person:

szBuffer ) != true )

return false;
setlastName( szBuffer );
GetALine("Enter the first name of the person: ",

szBuffer );

setFirstName( szBuffer );

GetALine("Enter the first address Tine: ", szBuffer );
setAddressl(szBuffer);

GetALine("Enter the second address line: ", szBuffer );
setAddress2(szBuffer);

GetALine("Enter the city: ", szBuffer );
setCity(szBuffer);

GetALine("Enter the state: ", szBuffer);
setState(szBuffer);

GetAlLine("Enter the zip code: ", szBuffer );

setZipCode( szBuffer);

return true;

}

public:

CommandLineMailingListEntry() {

}

virtual bool First(void)

{

printf("Enter the first name for the mailing Tist:\n");

return GetAnEntry();
}
virtual bool Next(void)
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Testing the Mailing-List Application

printf("Enter the next name for the mailing Tist:\n");

return GetAnEntry();

Testing the Mailing-List 1
Application

After you create a class, it is important to create a

test driver that not only ensures that your code is 2

correct, but also shows people how to use your
code. The following steps show you how:

LisTiNG 2-4: THE MAILING-LIST TEST PROGRAM

In the code editor of your choice, reopen the
source file to hold the code for your test
program.

In this example, [ named the test program
ch02.cpp.

Type the code from Listing 2-4 into your file,
substituting your own names for the italicized
constants, variables, and filenames.

A more efficient approach is to copy the code
from the source file on this book’s companion
Web site.

void ProcessEntries( BaseMailinglListEntry *pEntry )
{
bool not_done = pEntry->First();
while ( not_done )
{
// Do something with the entry here.

// Get the next one
not_done = pEntry->Next();
}
}
int main(int argc, char **argv)
{
int choice = 0;

printf("Enter 1 to use a file-based mailing list\n");
printf("Enter 2 to enter data from the command line\n");

scanf("%d", &choice );

if (
{

choice 1)

char szBuffer[ 256 1;
printf("Enter the file name:
gets(szBuffer);
FileMailinglistEntry fmle(szBuffer);
ProcessEntries( &fmle );

"y

(continued)
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LisTiNG 2-4 (continued)

else

if ( choice == 2 )

{
CommandlLineMailinglistEntry cmle;
ProcessEntries( &cmle );

}

else
printf("Invalid option\n");

return 0;

The main function for the driver really isn’t very
busy — all it’s doing is creating whichever type of
object you want to use. The Processtntries function
is the fascinating one because it is a function that is
working on a class type that doesn’t do anything —
it has no idea which type of mailing-list entry object
it is processing. Rather, it works from a pointer to the
base class. If you run this program, you will find that
it works as advertised, as you can see in Listing 2-5.

You could likewise create a file containing all entries
that we just typed into the various fields above to

LisTING 2-5: THE MaiLING-LiIST PROGRAM IN OPERATION

enter those fields into the system. You can do all of
this without changing a single line of the
ProcessEntries function! This is the power of pure
virtual functions, and thus the power of abstraction.

When you create a set of classes that are all
doing the same general thing, look for the
common elements of the class and abstract
them into a common base class. Then you can
build on that common base in the future,
more easily creating new versions of the
classes as the need arises.

Enter 1 to use a file-based mailing Tist
Enter 2 to enter data from the command line
2

Enter the first name for the mailing Tist:
Enter the last name of the person: Telles
Enter the first name of the person: Matt
Enter the first address line: 10 Main St
Enter the second address line:

Enter the city: Anytown

Enter the state: NY

Enter the zip code: 11518

Enter the next name for the mailing list:
Enter the Tast name of the person:
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happens when you assign different meanings to a symbol or opera-
tor in different contexts. All well and good — but what does it
mean to us as C++ programmers?

P olymorphism (from the Greek for “having many forms”) is what

Granted, the pure virtual function in C++ (discussed in Technique 2) is
very useful, but C++ gives us an additional edge: The programmer can
override only selected pieces of a class without forcing us to override the
entire class. Although a pure virtual function requires the programmer to
implement functionality, a virtual function allows you to override that
functionality only if you wish to, which is an important distinction.

parts of the functionality makes C++ the fastest development lan-
guage. You should seriously consider making the individual functions
in your classes virtual whenever possible. That way the next devel-
oper can modify the functionality with a minimum of fuss.

L Allowing the programmer to customize a class by changing small
ligd <<
b

Small changes to the derived class are called virtual functions — in
effect, they allow a derived class to override the functionality in a base
class without making you tinker with the base class. You can use this
capability to define a given class’s default functionality, while still letting
end users of the class fine-tune that functionality for their own purposes.
This approach might be used for error handling, or to change the way a
given class handles printing, or just about anything else. In the next sec-
tion, I show you how you can customize a class, using virtual functions to
change the behavior of a base-class method at run-time.



20 Technique 3: Customizing a Class with Virtual Functions

Customizing a Class with
Polymorphism

In order to understand how base classes can be cus-
tomized using the polymorphic ability offered by vir-
tual functions, let’s look at a simple example of
customizing a base class in C++.

7. In the code editor of your choice, create a new
file to hold the code for the implementation of
the source file.

In this example, the file is named ch03. cpp,
although you can use whatever you choose.

2. Type the code from Listing 3-1 into your file,
substituting your own names for the italicized
constants, variables, and filenames.

Better yet, copy the code from the source file on
this book’s companion Web site.

LisTiNG 3-1: THE VIRTUAL FuncTioN BASE-CLASS SOURCE CODE

ffinclude <string>
#include <stdio.h>

class Fruit

{

public:
Fruit()
{
}

virtual ~Fruit()
{

printf("Deleting a fruit\n");
}

virtual std::string Color()
{
return "Unknown";

}

void Print()

{
printf("My color is: %s\n",
Color().c_str() );

class Orange : public Fruit
{
public:
Orange()
{
}
virtual std::string Color()
{
return "Orange";
}
1

class Apple : public Fruit
{
public:

Apple()

{

}

virtual std::string Color()
{
return "Reddish";
}
b

class Grape : public Fruit
{
public:

Grape()

{

}

virtual std::string Color()
{
return "Red";
}
’s

class GreenGrape : public Grape
{
public:

GreenGrape()

{

}

virtual std::string Color()
{
return "Green";

}




Testing the Uirtual
Function Code

Now you should test the code. The following steps
show you how:

1. Open the ch03.cpp source file in your favorite
source-code editor and add the code in Listing
3-2 to the bottom of the file.

LisTING 3-2: THE MAIN DRIVER FOR THE VIRTUAL FUNCTION
CobE

int main(int argc, char **argv)
{
// Create some fruits
Apple a;
Grape g;
GreenGrape gg;
Orange o;
// Show the colors.
a.Print();
g.Print()
gg.Print();
0.Print();
// Now do it indirectly
Fruit *f = NULL;
f = new Apple();

f->Print(); -1
delete f;

f = new GreenGrape();

f->Print(); -2
delete f;

2. Save the source code in your source-code
editor.

There are a few interesting things to note in this
example. For one thing, you can see how the base
class calls the overridden methods without hav-
ing to “know” about them (see the lines marked
—>1 and —=2). What does this magic is a lookup
table for virtual functions (often called the v-
table) that contains pointers to all the methods
within the class. This table is not visible in your
code, it is automatically generated by the C++
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compiler while generating the machine code for
your application. When the linker finds a call to a
method that is declared as virtual, it uses the
lookup table to resolve that method at run-time,
rather than at compile-time. For non-virtual
methods, of course, the code is much simpler
and can be determined at compile-time instead.
This means that virtual functions do have some
overhead (in terms of memory requirements and
code speed) — so if you aren’t going to use them
in your code, don’t declare things as virtual.It
might seem counter-intuitive to define virtual
functions in your code if you are not going to use
them, but this is not really the case. In many
cases, you can see future uses for the base class
that will require that you allow the future devel-
oper to override functionality to add new capa-
bilities to the derived class.

3. Save the source code as a file in the code edi-
tor, and then close the editor application.

4., Compile the source code with your favorite
compiler on your favorite operating system.

5. Run the program on your favorite operating-
system console.

If you have done everything properly, you should
see the output shown below on the console window:

The color of the fruit is: Apple
The color of the fruit is: Red

The color of the fruit is: Green

The color of the fruit is: Orange
The color of the fruit is: Apple

Deleting a fruit

The color of the fruit is: Green

Deleting a fruit

Deleting a fruit

Deleting a fruit

Deleting a fruit

Deleting a fruit

As you can see, the direct calls to the code work fine.
In addition, you can see that the code that uses a
base-class pointer to access the functionality in the
derived classes does call the proper overridden vir-
tual methods. This leaves us with only one question
remaining, which is how the derived class destructors
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are invoked and in what order. Let’s take a look at
that last virtual method, left undiscussed to this
point—the virtual destructor in the base fFruit class.

Why Do the Destructors Work?

The interesting thing here is that the destructor for
the base class is always called. Because the destruc-
tor is declared as virtual, the destructor chains
upward through the destructors for the other classes
that are derived from the base class. If we created
destructors for each derived class, and printed out
the results, then if you created a new PurpleGrape
GreenGrape class, for example, that was derived from
Grape, you would see output that looked like this:

PurpleGrape destructing
Grape destructing
Deleting a fruit

This output would be shown from the line in which
we deleted the PurpleGrapeGreenGrape object. This
chaining effect allows us to allocate data at each stage
of the inheritance tree — while still ensuring that the
data is cleaned up appropriately for each level of
destructor. It also suggests the following maxim for
writing code for classes from which other classes
can be derived:

If you ever expect anyone to derive a class
from one you implement, make the destructor
for the class virtual, and all manipulation
methods virtual as well.

Notice also that the virtual table for a base class can
be affected by every class derived from it (as we can
see by the GreenGrape class). When I invoke the
Print method on a Fruit object that was created as
a Grape-derived GreenGrape class, the method is
invoked at the Grape class level. This means you can
have as many levels of inheritance as you like. As
you can see, the virtual-method functionality in C++
is extremely powerful.

To recap, here is the hierarchy for calling the correct
Print method when a GreenGrape object is passed to
a function that accepts a Fruit object:

Fruit::Print is invoked.

™

The compiler looks at the virtual function table
(v-table) and finds the entry for the Print method.

The method is resolved to be the GreenGrape::
Print method.

N W N

The GreenGrape: :Print method is called.
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inheritance — the transfer of characteristics from a base class to its

derived classes. Inheritance is the ability to derive a new class from
one or more existing base classes. In addition to saving some coding
labor, the inheritance feature in C++ has many great uses; you can
extend, customize, or even limit existing functionality. This Technique
looks at inheritance and shows you how to use multiple inheritance — a
handy (but little-known) capability that combines the best of several
classes into a single class for the end user.

In general, the single greatest bit of functionality that C++ has to offer is

To really understand what’s going on here, you have to understand some-
thing about the way that C++ compilers implement inheritance — and
how the language takes advantage of this approach.

Each C++ class contains three sections, each with its own purpose:

v Storage for the data that belongs to the class: Every class needs data
to work with, and this section of the class keeps the data handy.

v Jump tables: These store the static methods of the class so the com-
piler can generate efficient instructions for calling the internal meth-
ods of the class.

v One optional v-table for virtual methods: If a class provides no inheri-
tance, there can be an optional v-table, which contains the addresses
of any virtual methods in the class. There will never be more than a
single virtual table per class, because that table contains the pointers
to all of the virtual methods in the class.

If a virtual method is overridden in a derived class, there’s still

only one v-table — and it shows the address of the method that
belongs to the derived class rather than to the base class. The
static method areas repeat for each class.

Okay, but why does inheritance work? Because the compiler generates a
“stack” of data, followed by a “stack” of methods, it is no problem at all to
implement any number of levels of inheritance. The levels of inheritance
define the order of the “stacks.” If a class is derived from classes A, B,

and C, you will see the stack of methods for A, followed by the ones for B,
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followed by the ones for C. This way, the compiler
can easily convert the derived class into any of its
base classes just by selecting a point in the stack to
start from. In addition, because you can inherit data
from classes that are themselves inheriting from
other classes, the whole process just creates a strata
of data and methods. This is a good thing, because it
means that the class structure easily lends itself to
conversions from base class to the derived class.

The capability to extract pieces of functionality
- («a and save them into individual classes makes
C++ an amazingly powerful language. If you
identify all the individual pieces of functionality
in your code and put them in their own base
classes, you can quickly and easily build on
that functionality to extend your application.

Implementing a
ConfigurationFile Class

For the purposes of this example, assume that you
want to implement a configuration file class. This
class will allow you to store configuration informa-
tion for your application in an external file and access
it in a consistent manner throughout your program
source code. I'm just going to explore the idea of
creating a single functional class out of “mix-in”
classes that do one thing very well and then move
on. (As M*A*S*H would say, “Thank you, Doctor
Winchester.”)

When you think about it, configuration files have two
basic sets of functionality — a set of properties (rep-
resenting name and value pairs) and a file manager
(which reads and writes those pairs to and from
disk). For it all to work right, you must implement
the functionality for your class in exactly that way:
first the properties, then their management. You
should have one base class that implements the
property management, and another one that works
with the disk file itself.

So, here’s how to implement the class:

7. In the code editor of your choice, create a new
file to hold the code for the implementation of
the source file.

In this example, the file is named ch04.cpp,
although you can use whatever name you
choose.

2. Type the code from Listing 4-1 into your file,
substituting your own names for the italicized
constants, variables, and filenames.

Better yet, copy the code from the source file on
this book’s companion Web site.

LisTING 4-1: THE PROPERTIES SOURCE CODE.

#Hinclude <string>
#include <stdio.h>
f#include <vector>

class Properties
{
private:
struct _Prop
{
public:
std::string name;
std::string value;
public:
_Prop operator=(const _Prop&
aCopy )
{
name = aCopy.name;
value = aCopy.value;
return *this;

1

std::vector< _Prop > sProps;
public:
Properties(void)
{
}
virtual ~Properties() -1

{

}

Properties( const Properties& aCopy )

{
std::vector< _Prop >::const_iterator
iter;



for ( iter = aCopy.sProps.begin();
iter != aCopy.sProps.end(); ++iter )
sProps.insert( sProps.end(),
(*iter) );
}

int NumProperties( void )
{
return (int)sProps.size();
}
bool GetProperty( int idx, std::stringd
name, std::string& value )
{
if ( idx <0 || idx >=
NumProperties() )
return false;
name = sPropsl[idx].name;
value = sProps[idx].value;
return true;
}
void AddProperty( const std::stringd
name, const std::string& value )
{

_Prop p;
p.name = name;
p.value = value;

sProps.insert( sProps.end(), p );

Implementing a ConfigurationFile Class
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destroyed just yet. There’s no real way of know-
ing down the line whether this will always be
true, so you may as well assume that the
destructor will need to do its cleanup work at
some point. You are building this class intention-
ally as a base class for inheritance, however, so it
only makes sense to make the destructor virtual.
If your destructor is virtual, all derived classes
will call the base class destructor as the last part
of the destruction process, insuring that all allo-
cated memory is freed.

The next step is to implement the class that man-
ages the file part of the system. For purposes of
space, only the write segment of the class is
shown in Listing 4-2. However, it would be fairly
trivial to implement a ReadAPair method that
would retrieve data from a file.

Using your code editor, add the code from
Listing 4-2 to your source-code file.

In this case, we called the file ch04.cpp.

LisTiNG 4-2: THE SAVEPAIRS CLASS

Note that this class makes use of the Standard
Template Library (STL), which [ show you in
greater detail in Part V of this book. For now, you
can simply assume that the vector class imple-
ments a generic array that can be expanded. The
vector class requires no minimum number of ele-
ments, and can be expanded as far as memory
permits.

Our property class will form the basis for a series
of property types, all of which could handle dif-
ferent types of properties. In addition, this class
can be used as a base for other classes, which
need the ability to store property information.

There is really no magic here; you can see that
the class simply holds onto property sets and
can either add them or give them back to the
caller. Note, however, that you have implemented
a virtual destructor (see = 1) for the class —
even though nothing in the class needs to be

class SavePairs

{

FILE *fpln;

public:

SavePairs( void )
{
fpIn = NULL;
}
SavePairs( const char *strName )
{
fpIn = fopen( strName, "w" );
}
virtual ~SavePairs()
it
if ( fpln )
fclose(fpln);
}
void SaveAPair( std::string name,
std::string value )
{
if ( fpln )
fprintf(fpln,
name.c_str(),

"%s=%s\n",
value.c_str());
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Once again, you implement a virtual destructor
for your class because it’s intended as a base
class for inheritance; no point getting specific
about what to destroy just yet. You do, however,
have a real use for the destructor, because the
file pointer that opens in the constructor has to
have a corresponding closing instruction (fclose)
to free the memory and flush the file to disk.

With the virtual destructor in place, the only
thing left to do is to combine these two fairly
useful classes into a single class that includes
the functionality of both and provides a cohesive
interface to the end user of the class. We'll call
this combined class ConfigurationFile.

4. Using your code editor, add the code in
Listing 4-3 to your source-code file.

LisTING 4-3: THE CONFIGURATIONFILE CLASS

class ConfigurationFile :
public SavePairs

public Properties,

{
public:
ConfigurationFile(void) -2
: SavePairs()
{
1
ConfigurationFile(const char
*strFileName) -3
: SavePairs(strFileName)
{
}

virtual ~ConfigurationFile()
{

DoSave();
}

bool DoSave() -4

{
std::string name;
std::string value;

for (int i=0; i<NumProperties(); ++i)
{
if ( GetProperty( i, name, value

Technique 4: Inheriting Data and Functionality

SaveAPair( name, value );
1

return true;

4. Save the source code in the code editor.

There really isn’t a lot of code here, but there is a lot
to pay attention to. First of all, notice the DoSave
method. This method, which flushes all of the pairs
of property data to disk (see = 4), calls methods in
both of our base classes. You will notice that you
don’t have to do anything important to get at these
methods, they are just a built-in part of the class
itself.

Probably the most crucial part of Listing 4-3 is actu-
ally a line by itself in one of the constructors. Note
the line marked — 3.

This line is one of the more powerful constructs in
C++. Because the ConfigurationFile class is derived
from the SavePairs class, it will automatically call
the constructor for the SavePairs class before it
invokes its own constructor code. Because this is
necessary, the base class has to be properly con-
structed before you can work with the derived class.
The compiler calls the default constructor unless
you tell it to do otherwise. In this case, you do not
want it to call the default constructor (see = 2),
because that would create a SavePairs object that
had no filename (because it is not assigned in the
constructor) and therefore did not open our prop-
erty file. We want the entire thing to be completely
automatic, so we invoke the proper form of the con-
structor before our ConfigurationFile constructor
even starts. That generates a little programming
peace of mind: As soon as you enter the code for the
inherited class, you can be assured that all setup
work has been done — which (in this case) also
means the file is open and ready to be written to.



Testing the
ConfigurationFile Class

After you create a class, create a test driver that not
only ensures that your code is correct, but also
shows people how to use your code.

1. In the code editor of your choice, reopen
the source file to hold the code for your test
program.

In this example, [ named the test program
ch04.cpp. You could, of course, call this program
anything you wanted, since filenames are only
human-readable strings. The compiler does not
care what you call your file.

2. Type the code from Listing 4-4 into your file.

Or better yet, copy the code from the source file
on this book’s companion Web site.

LisTiNG 4-4: THE CoNFIGURATIONFILE TEST PROGRAM

int main(int argc, char **argv)

{
ConfigurationFile cf("test.dat");
cf.AddProperty( "Name", "Matt" );
cf.AddProperty( "Address", "1000 Main
St" )

3. Save the code in the source-code file created
in your editor, and then close the editor
application.

4. Compile the source code with your favorite
compiler on your favorite operating system.

5. Run the program on your favorite operating-
system console.

If you’'ve done everything properly, you should see
the following output from the program on the con-
sole window:
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$ ./a.exe

$ cat test.dat
Name=Matt
Address=1000 Main St

As you can see, the configuration file was properly
saved to the output file.

Delayed Construction

Although the constructor for a class is all wonderful

and good, it does bring up an interesting point. What
if something goes wrong in the construction process
and you need to signal the user? You have two ways

to approach this situation; both have their positives

and negatives:

v You can throw an exception. In general, how-
ever, | wouldn’t. Throwing exceptions is an
option I discuss later, in Technique 53 — but
doing so is rarely a good idea. Your users are
really not expecting a constructor to throw an
exception. Worse, an exception might leave the
object in some ambiguous state, where it’s
unclear whether the constructor has finished
running. If you do choose this route, you should
also make sure that all values are initialized
before you do anything that might generate an
exception. (For example, what happens if you
throw an exception in a base-class constructor?
The error would be propagated up to the main
program. This would be very confusing to the
user, who wouldn’t even know where the error
was coming from.)

v You can delay any work that might create an
error until later in the processing of the object.
This option is usually more valuable and is worth
further exploration.

Let’s say, for example, that you are going to open a
file in your constructor. The file-opening process
could certainly fail, for any number of reasons. One
way to handle this error is to check for it, but this
might be confusing to the end user, because they
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would not understand where the file was being
opened in the first place and why it failed to open
properly. In cases like this, instead of a constructor
that looks like this . . .

FileOpener::FileOpener( const char
*strFileName)
{
fpIn = fopen(strFileName, "r");
}

... you might instead choose to do the following:

FileOpener::FileOpener( const char
*strFileName)

{
// Hold onto the file name for later

use.
sFileName = strFileName;
bIsOpen = false;
}
bool FileOpener::0penFile() -5
{
if ( !bIsOpen )

{
fpIn = fopen(sFileName.c_str(),
ey
if ( fpIn != NULL )
bIsOpen = true;
}
return bIsOpen;

}

Because we cannot return an error from a constructor
directly, we break the process into two pieces. The
first piece assigns the member variables to the values
that the user passed in. There is no way that an error
can occur in this process, so the object will be prop-
erly constructed. In the OpenfFile method (= 5 in the
above listing), we then try to open the file, and indi-
cate the status as the return value of the method.

Then, when you tell your code to actually read from
the file, you would do something like this:

bool FileOpener::SomeMethod()
{
if ( OpenFile() )
{
// Continue with processing
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}
else
// Generate an error
return false;
}

The advantage to this approach is that you can wait
until you absolutely have to before you actually open
the file that the class operates on. Doing so means you
don’t have file overhead every time you construct an
object — and you don’t have to worry about closing
the darn thing if it was never opened. The advantage
of delaying the construction is that you can wait
until the data is actually needed before doing the
time and memory expensive operation of file input
and output.

With a little closer look back at the SavePairs class
(Listing 4-2), you can see a very serious error lurking
there. (Just for practice, take a moment to go back
over the class and look for what’s missing.)

Do you see it? Imagine that you have an object of
type SavePairs, for an example. Now you can make a
copy of that object by assigning it to another object
of the SavePairs class, or by passing it by value into
a method like this:

DoSave( SavePairs obj );

When you make the above function call, you are
making a copy of the obj object by invoking the copy
constructor for the class. Now, because you didn’t
create a copy constructor, you have a serious problem.
Why? A copy is a bitwise copy of all elements in the
class. When a copy is made of the FILE pointer in the
class, it means you now have two pointers pointing to
the same block of memory. Uh-oh. Because you will
destroy that memory in the destructor for the class
(by calling fclose), the code frees up the same block
of memory twice. This is a classic problem that you
need to solve whenever you are allocating memory
in a class. In this case, you really want to be able to
copy the pointer without closing it in the copy. So,
what you really need to do is keep track of whether
the pointer in question is a copy or an original. To
do so, you could rewrite the class as in Listing 4-5:
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class SavePairs
{

FILE *fpln;
bool DbIsACopy;
public:

SavePairs( void )
{
fpIn = NULL;
bIsACopy = false;
1
SavePairs( const char *strName )
{
fpIn = fopen( strName, "w" );
bIsACopy = false;
}
SavePairs( const SavePairs& aCopy )
{
fpIn = aCopy.fpln;
bIsACopy = true;
}
virtual ~SavePairs()
{
if ( fpIn && !bIsACopy )
fclose(fpln);
1
void SaveAPair( std::string name,
std::string value )
{
if ( fpIn )
fprintf(fpln, "%s=%s\n",
name.c_str(), value.c_str());

This code in Listing 4-5 has the advantage of working
correctly no matter how it is handled. If you pass a
pointer into the file, the code will make a copy of it
and not delete it. If you use the original of the file
pointer, it will be properly deleted, not duplicated.

This is an improvement. But does this code really fix
all possible problems? The answer, of course, is no.
Imagine the following scenario:

1. Create a SavePairs object.

2. Copy the object by calling the copy constructor
with a new object.
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3. Delete the original SavePairs object.

4. Invoke a method on the copy that uses the file
pointer.

What happens in this scenario? Nothing good, you
can be sure. The problem occurs when the last step
is hit, and the copied file pointer is used. The origi-
nal pointer has been deleted, so the copy is pointing
at junk. Bad things happen — and your program
likely crashes.

A joke that runs around the Internet compares vari-
ous programming languages in terms of shooting
yourself in the foot. The entire joke is easy enough
to find, but the part that applies to this subject looks
something like this:

C: You shoot yourself in the foot.

C++: You accidentally create a dozen instances of
yourself and shoot them all in the foot. Providing
emergency assistance is impossible because you
can’t tell which instances are bitwise copies and
which are just pointing at others, saying, “That’s me
over there.”

Many programmers find the joke is too true to be
amusing. C++ gives you the (metaphorical) ability to
blow off your foot any time you try to compile.
There are so many things to think about, and so
many possibilities to consider.

The best way to avoid the disasters of the past
is to plan for them in the future. This is
nowhere more true than when you're working
with the basic building blocks of the system,
constructors and destructors. If you do not do
the proper groundwork to make sure that
your class is as safe as possible, you will pay
for it in the long run — each and every time.
Make sure that you always implement virtual
destructors and check for all copies of your
objects in your code. Doing so will make your
code cleaner (dare | say “bulletproof”?) and
eliminate problems of this sort that would oth-
erwise naturally crop up later.
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maintaining code that we did not design or implement in the first

place. Often the hardest thing to do in such cases is to figure out
exactly how the code was meant to work. Usually, there is copious docu-
mentation that tells you what the code is doing (or what the original pro-
grammer thought was going on), but very rarely does it tell you why.

O ne of the biggest problems in the software-development world is

The reason is that the business rules and the data that implement those
rules are usually embedded somewhere in the code. Hard-coded dates,
values — even user names and passwords — can be hidden deep inside
the code base. Wouldn't it be nice if there was some way to extract all of
that data and those business rules and put them in one place? This really
does sound like a case for encapsulation, now doesn’t it? Of course it
does. As [ discuss in Technique 1, encapsulation allows us to insulate the
user from the implementation of things. That statement is ambiguous
and means quite a few things, so to clarify, let me show you a couple of
examples. First, consider the case of the business rule.

When you are creating code for a software project, you must often con-
sider rules that apply across the entire business — such as the allowable
number of departments in an accounting database, or perhaps a calcula-
tion to determine the maximum amount of a pay raise for a given
employee. These rules appear in the form of code snippets scattered
across the entire project, residing in different files and forms. When the
next project comes along, they are often duplicated, modified, or aban-
doned. The problem with this approach is that it becomes harder and
harder to keep track of what the rules are and what they mean.

Assume, for the moment, that you have to implement some code that
checks for dates in the system. (Okay, a date isn’t strictly a business rule
per se, but it makes a handy example.) To run the check, you could try
scattering some code around the entire system to check for leap years,
date validity, and so forth, but that would be inefficient and wasteful.
Here’s why that solution is no solution at all:



Once upon a time, there was a project being done at
a very large company. A software audit showed at
least five different routines (functions, macros, and
inline code) that computed whether a given year
was a leap year. This was pretty surprising — but
even more surprising was that of those five routines,
three were actually wrong. If a bug occurred while
the system was calculating whether the current year
was a leap year, did the programmer have any idea
where to look to solve the problem? Of course not.

In this example, despite the risk of bugs, you still
have to determine whether a given date is valid —
and whether the given year is a leap year. Your first
two basic tasks are to set appropriate defaults for
the date, and make sure you can retrieve all the com-
ponents of the date. The same approach works for
any business-rule encapsulation. First, you have to
know the pieces of the puzzle that go into the calcu-
lations. That way, anyone looking at the code will
know exactly what he or she needs to supply. There
should be no “hidden” data unless it’s being
retrieved from an external source. The code should
be plug-and-play; you should be able to take it from
one project to another with minimal changes.

Of course, it’s often impossible to completely
remove application code from business rules. But
that really shouldn’t be your goal when you’re writ-
ing business objects. Instead, you should worry
about how those objects are going to be used.

) When you separate the support code from the
- («a business rule that it supports, you separate the

& bugs that can occur into two types: physical
errors and logical errors. This alone saves time
in tracking down problems. A logical error
won't crash a program, but it will cause grief in
other ways. A physical error isn’t likely to
cause you to incorrectly generate checks for
billions, but it will crash your application and
annoy your users.

Your object should be portable; it is going to be used
in multiple projects to support the “date rule.” You

want your dates to be valid, and you want to be able
to extract the components of the date in any project
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that might need that data. At the same time, you
don’t want to give people more than they need, so
you aren’t going to bother supporting date math,
such as calculations for adding days or years to a
given date.

This is another important tip when designing
classes for use in C++, whether they are busi-
ness objects or full-blown application objects.
Always keep the code down to a minimum;
only include what people need. Do not simply
add methods to a class for the sheer joy of
adding them. If you bury people in code, they
will look for something simpler. There is a
common acronym for this in the engineering
community, known as “KISS”: Keep It Simple,
Stupid.

Always bear the error-handling process in
mind when you write reusable objects. Your
code is more reusable if it returns error mes-

sages instead of throwing exceptions or log-
ging errors to some external source. The
reason for this advantage is simple: If you
require people to do more than check the
return value of a method or function in your
code, you force them to do a lot of work that
they might not otherwise have to do. People
resist doing extra work; they’ll avoid your code
and use something simpler. (Once again, the
KISS principle in action.)

The cDate Class

In order to best encapsulate all of the date informa-
tion in your program, it is easiest to create a single
class that manages date storage, manipulation, and
output. In this section, we create a class to do all of
that, and call it cDate (for date class, of course). With
a date class, we are removing all of the rules and
algorithms for manipulating dates, such as leap year
calculations, date math, and day of week calcula-
tions, and moving them into a single place. In addi-
tion, we move the date storage, such as how the day,
month, and year elements are stored, into one area
that the user does not need to be concerned about.
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7. In the code editor of your choice, create a new 2. Type the code from Listing 5-1 into your file.
file to hold the code for the implementation of

your source file Better yet, copy the code from the source file on

this book’s companion Web site.
In this example, that file is named ch05. cpp,
although you can use whatever you choose.

LisTiNG 5-1: THE cDATE CLass

#include <string>
#include <stdio.h>
#include <time.h>

class cDate
{
private:
int MonthNo;
int DayOfMonth;
int DayOfWeek;
long YearNo;
protected:
void GetTodaysDate()
{
// First, get the data
time_t t;
time(&t);
struct tm *tmPtr = localtime(&t);

// Now, store the pieces we care about
MonthNo = tmPtr->tm_mon;

YearNo = tmPtr->tm_year + 1900;
DayOfMonth = tmPtr->tm_mday;

DayOfWeek = tmPtr->tm_wday;

int ComputeDayOfTheWeek() // returns day of week

int sum_calc;
int cent_off, year_off, month_off, day_off;
int year_end;

year_end = YearNo % 100; // year in century

// The following calculation calculates offsets for the
// century, year, month, and day to find the name of the
// weekday.
cent_off ((39 - (YearNo/100)) % 4 ) * 2;
year_off = year_end + year_end/4;
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The cDate Class

if (MonthNo == 1) // January
{
month_off = 0;
if (((YearNo%4) == 0) && ((year_end !=0) ||
((YearNo%400) == 0)))
year_off--; // Tleap year
}
else if (MonthNo == 2) // February
{
month_off = 3;
if (((YearNo%4) == 0) && ((year_end !=0) ||
((YearNo%400) == 0)))
year_off--; // leap year
}
else if ((MonthNo
month_off = 3;
else if ((MonthNo == 4) || (MonthNo == 7))
month_off = 6;

= 3) || (MonthNo == 11))

else if (MonthNo == 5) // May
month_off = 1;

else if (MonthNo == 6) // Jdune
month_off = 4;

else if (MonthNo == 8) // August

month_off = 2;

else if ((MonthNo == 9) || (MonthNo == 12))
month_off = 5;

else if (MonthNo == 10) // October
month_off = 0;

day_off = DayOfMonth % 7; // day offset

sum_calc = (cent_off + year_off + month_off + day_off) % 7;
// Using the calculated number, the remainder gives the day
// of the week

sum_calc %= 7;

return sum_calc;

MonthDays( int month, long year )

if ( month < 0 || month > 11 )
return 0;

int days[]1={31,28,31,30,31,30,31,31,30,31,30,31 };
int nDays = days[ month 1;
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(continued)
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LisTiNG 5-1 (continued)

if ( IslLeapYear( year ) && month == 1)
nDays ++;
return nDays;

public:
cbate(void)
{
// Get today's date
GetTodaysDate();
}
cDate( int day, int month, long year )
{
if ( IsValidDate( day, month, year ) )
{
MonthNo = month;
DayOfMonth = day;
YearNo = year;
DayOfWeek = ComputeDayOfTheWeek();
}
}
cDate( const cDate& aCopy )
{
YearNo = aCopy.YearNo;
MonthNo = aCopy.MonthNo;
DayOfMonth = aCopy.DayOfMonth;
DayOfWeek = aCopy.DayOfWeek;
}

// Accessors

int Month() { return MonthNo; };

long Year() { return YearNo; };

int Day() { return DayOfMonth; };

int DayOfTheWeek() { return DayOfWeek; };

bool IsValidDate(int day, int month, long year);
bool IsleapYear( long year );

3. In your code editor, add the code in Listing 5-2 These are the non-'inline methijs for the cla§§.
to the source-code file for your application. You can put them in the same file as your origi-
Alternatively, you could create a new file nal source code, or create a new source file and
called date.cpp to store all of this information add them to it.

separately.
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Testing the cDate Class

bool cDate::IsValidDate( int day, int month, long year )

{

}

// Is the month valid?

if ( month < 0 || month > 11 )
return false;

// Is the year valid?

if ( year < 0 || year > 9999 )
return false;

// Is the number of days valid for this month/year?
if ( day < 0 || day > MonthDays(month, year) )

return false;

// Must be ok
return true;

bool cDate::IslLeapYear( long year )

{

int year_end = year % 100;

// year in century

if (((year%4) == 0) && ((year_end !=0) || ((year%400) == 0)))

return true;
return false;

Putting this code into a single object and sharing
that code among various projects that might need
this functionality offers some obvious advantages:

1

If the code needs to be changed, for example, to
account for some bug in the leap year calcula-
tion, this change can all be done in one place.

More importantly, if changes are made to imple-
ment a newer, faster way to calculate the leap
year or the day of the week, or even to add func-
tionality, none of those changes affect the calling
programs in the least. They will still work with
the interface as it stands now.

Testing the cDate Class

After you create a class, it is important to create a
test driver — doing so not only ensures that your
code is correct, but also shows people how to use
your code.

1.

In the code editor of your choice, reopen
the source file to hold the code for your test
program.

In this example, | named the test program
chl_5.cpp.

Type the code from Listing 5-3 into your file.

Better yet, copy the code from the source file on
this book’s companion Web site.
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LisTiNG 5-3: THE cDATE CLAsS TEST PROGRAM

f#include <iostream>
using namespace std;

int main(int argc, char **argv)
{

// Do some testing. First, a valid date

cDate d1(31, 11, 2004);
// Now, an invalid one.
cDate d2(31, 12, 2004);

// Finally, let's just create a blank one.

cDate d3;

// Print them out

cout << "Dl: " << "Month: " << dl.Month() << " Day: " << dl.Day() << " Year: " << dl.Year()

<< endl;

cout << "D2: " << "Month: " << d2.Month() << " Day: " << d2.Day() << " Year: " << d2.Year()

<< endl;

cout << "D3: " <L "Month: " << d3.Month() << " Day: " << d3.Day() << " Year: " << d3.Year()

<< endl;

return 0;

3. Save the source code as a file in your code edi-

tor and close the editor application.

4., Compile the source code with your favorite
compiler on your favorite operating system.

5. Run the program on your favorite operating
system console.

If you have done everything properly, you should
see the following output from the program on the
console window:

$ ./a.exe

D1: Month: 11 Day: 31 Year: 2004

D2: Month: 2011708128 Day: -1 Year:
2011671585

D3: Month: 8 Day: 7 Year: 2004

Note that the numbers shown in the output
may be different on your computer, because
they are somewhat random. You should sim-

ply expect to see very invalid values.

This, then, is the advantage to working with object-
oriented programming in C++: You can make changes
“behind the scenes” without interfering with the
work of others. You make it possible for people to
get access to data and algorithms without having to
struggle with how they’re stored or implemented.
Finally, you can fix or extend the implementations

of your algorithms without requiring your users

to change all their applications that use those
algorithms.
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Handling Multiple
Operating Systems
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Save Time By

v+~ Defining a solution that
accommodates multiple
operating systems

v~ Creating the header file
v~ Testing the header file

anything but standard. For example, on Microsoft Windows, the

header file for containing all of the “standard” output functions is
stdio.h — whereas on Unix, the header file is unistd.h. Imagine you're
compiling a program that can be used on either Unix or Microsoft
Windows. The code in all your files might look like this:

The problem with the “standard” C++ header files is that they are

J#ifdef WIN32
#include <stdio.h>
ffelse

J#ifdef UNIX
#include <unistd.h>
ffendif

ffendif

This approach to coding is messy and inefficient: If you get a new com-
piler that implements the constants for the operating system differently,
you will have to go through each and every file to update your code.

As an alternative, you could simply include all the files in a single header
file — but that would force you to include a lot of header files that you
really don’t need in many of your program files, which would increase the
file bloat and could conceivably cause problems if you need to override
some of the standard function names or types. Obviously, clutter is not a
very good solution either way.

What if — instead of including the things you don’t want and having to
compile conditionally around them — you could include only the “right”
files for a specific operating system in the first place? That solution
would certainly be closer to ideal. Fortunately, the C++ pre-processor
offers a perfect way to solve this problem. Read on.

Creating the Header File

In order to be able to conditionally include the pieces of the code we
wish to use in our application, we will create a single header file that uti-
lizes pre-compiler defined values to determine the files that are needed.
The following steps show you how to create such a file:
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1.

Technique 6: Handling Multiple Operating Systems

In the code editor of your choice, create a new
file to hold the code for the source file of the
technique.

In this example, the file is named, osdefines.h
although you can use whatever you choose. This
file will contain the header information.

Type the code from Listing 6-1 into your file,
substituting your own names for the italicized
constants, variables, and filenames.

Better yet, copy the code from the source file on
this book’s companion Web site.

LisTING 6-1: THE HEADER FiLE.

J#ifndef _osdefines_h_
f#define _osdefines_h_

/7

/1

/7

/7

Remove the comment from the WIN32 define
if you are

developing on the Microsoft Windows plat-
form. Remove

the comment on the UNIX define if you are
developing

on the UNIX platform

ftdefine WIN32

/7

/1

Jfdefine UNIX

Now, define the header files for the
Windows platform

J#ifdef WIN32
Jfdefine standard_io_header <stdio.h>
ffendif

JHifdef UNIX
Jfdefine standard_io_header <unistd.h>
ffendif

// Make sure SOMETHING is defined
#ifndef standard_io_header
f#error "You must define either WIN32 or

UNIX"

ffendif

ffendif // _osdefines_h

3. Save the source code as a file in the code editor
and close the code-editor application.

Testing the Header File

After you create the class, you should create a test
driver that not only ensures that your code is cor-
rect, but also shows people how to use your code.

Here I show you how to create a test driver that illus-
trates various kinds of input from the user, and
shows how the class is intended to be used.

Always make sure that you test your code in
the scenario most likely for your end user.

1. In the code editor of your choice, reopen
the source file to hold the code for your test
program.

In this example, [ named the test program
ch06.cpp.

2. Type the code from Listing 6-2 into your file.

Better yet, copy the code from the source file on
this book’s companion Web site.

LisTING 2-2: THE MAIN PROGRAM

#include "osdefines.h"
#include standard_io_header

ftdefine MAX_VALUES 100

ftdefine STRING(A) #A

ftdefine PASTE(A,B) (AfHIB)

ftdefine MAKE_SAFE(s) (s==NULL? "NULL" : s )

int main(int argc, char **argv)
{
int x = 100;

// We can stringify a variable name
printf("The value of %s is %d\n",



STRING(x), x );

int y = 200;
int xy = 0;

// We can use a macro to create a new
variable.
PASTE(x,y) = x*y;

printf("The value of x
printf("The value of y

%d\n", x );
%d\n", y )

// The problem is that we can't
stringify pastes.

printf("The value of %s = %d\n",

STRING(PASTE(Xx,y)), xy );

char *sl
char *s2

NULL;
"Something";

printf("Stringl = %s\n", MAKE_SAFE(s1));
printf("String2 = %s\n", MAKE_SAFE(s2));

return 0;

3. Save the source file in your code editor and
close the code-editor application.

4. Compile the file with your favorite compiler on
your favorite operating system.

To verify that your header file will not work unless
you define the operating system, comment out both

Testing the Header File 4 ’

the WIN32 and Unix lines in the osdefines.h file. Try
compiling it and you should see an error message
like this one:

$ gcc test.cpp

In file included from test.cpp:2:

osdefines.h:23:2: ferror "You must define
either WIN32 or UNIX"

test.cpp:3:10: #include expects "FILENAME"
or <FILENAME>

As you can see, the compiler definitely knows that
the operating system is not defined. The next step is
to define one of the two constants, depending on the
operating system of your choice. There are two dif-
ferent ways to define these constants. You can either
put a ffdefine statement at the top of the header file
or you can pass the value into the compiler with the
-D compile flag. Recompiling the program after this
operation should result in no errors — and if that’s
the case, you know the proper header file is now
being included!

b/
B}Q@
)

This technique is very easy to implement —
and very powerful when you’re working with
multiple operating systems, compilers, or even
libraries. Just keep all system-related data in
one header file, and allow the pre-processor to
do the rest of your work for you. It is also very
valuable, because it allows you to give header
files really meaningful names, rather than
stdio.h. What, exactly, is a stdio (an s-t-d-i-
0?) anyway?
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assert macro. This particular macro is used to test a given condition —
and, if the condition is not logically true, to print out an error message
and exit the program.

It’s hard to talk about the C++ pre-processor without talking about the

Here’s where you can get (ahem) assertive with the problem of testing
for problems, so a quick look at asserts is in order, followed by a simple
technique for using them.

The Assert Problem

The purpose of an assert statement is to check for a problem at run-
time. Assert statements have value during the initial debugging and vali-
dation of code, but they have limited value once the program is out in the
field. For this reason, you should put in enough assert statements to be
sure that the tests of your system will reveal all of the potential problems
that you should check for and handle at run-time. Let’s look at a simple
example of using an assert call in your program.

1. In the code editor of your choice, create a new file to hold the code
for the source file of the technique.

In this example, the file is named ch07 . cpp, although you can use
whatever you choose. This file will contain the source code for our
example.

2. Type the code in Listing 7-1 into your file, substituting your own
names for the italicized constants, variables, and filenames.

Better yet, copy the code from the source file on this book’s compan-
ion Web site.



LisTING 7-1: USING ASSERTS

#include "stdio.h"
#include "assert.h"

int main(int argc,

{

char **argv)

assert( argc > 1 );
printf("Argument 1 = %s\n",
return 0;

argv[1] );

3. Save the source-code file and close the code

4.

B>

7
(«
é

editor.

Compile the source file, using your favorite
compiler on your favorite operating system.

If you run this program with no arguments, you
will find that it exits abnormally and displays the
following error message:

$ ./a.exe

assertion "argc > 1" failed: file
"chO07a.cpp", line 6

Aborted (core dumped)

As you can see, the assert macro was triggered
properly, and exited the program, which is the
expected behavior of the function when it fails.
Of course, this isn’t exactly what you would nor-
mally want the program to do when you fail to
enter a value, but it does illustrate the source of
the error.

Crashing a program intentionally, no matter
how appealing to the programmer, is no way
to deal with the user and will cost you time
and effort when dealing with customer sup-
port and technical debugging. Save yourself
the time up front and deal with the problem
correctly instead of aborting the application
when an exceptional condition arises.
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The Assert Problem

Recompile the source file with your favorite
compiler, using the NDEBUG definition on the
command line.

It is not simply that using an assert to exit a pro-
gram is ugly. Well, okay, it is, but the worst part
is that many compiler environments only define
the assert macro when the program is compiled
in debugging mode. In effect, the assert macro
switches into non-operation (yep, off) when the
program is compiled for optimized running. With
the gcc compiler, you optimize things by compil-
ing with the -DNDEBUG compiler switch. If you
compile the program given here with that switch
set, however, you get a very different set of
output:

$ ./a.exe

Argument 1 = (null)

The above is the output when you run the pro-
gram after compiling with the -DNDEBUG flag for
the compiler. As you can see, it is very different
from the case where the assert macro is enabled.

Note that there was no argument supplied to the
program, so we are actually stepping all over
memory at this point. Since the array of pointers
is filled with the arguments to the application, we
are restricted to the number of arguments passed
in. If nothing is passed into the program, there
will be nothing in the array of arguments, and the
pointers in the argv array will be pointing at
garbage. Fortunately, we didn’t try to do anything
with the pointer except print it out, but it could
easily have caused a program crash of its own.

Imagine if this code had made it into a produc-
tion system. The first time that an optimized
(often called a “release”) build was created, the
program would crash as soon as the user ran it
without giving the program any arguments on
the command line. Obviously, this is not an opti-
mal solution when you are working in the real
world. In the next section, I show you how to
address this problem.
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Fixing the Assert Problem

Assert macros do have value — especially when
you're tracking down particularly annoying prob-
lems. By littering your code liberally with asserts,
you can track down conditions you did not expect.
However, those same asserts won'’t let you simply
ignore those pesky conditions you find. To fix the
problem, the relevant portion of Listing 7-1 should
be rewritten. The following step shows you how.
(Note that we are leaving in the assert for debugging
purposes — and handling the error appropriately at
the same time.)

1. Modify the source code for the test application
as in Listing 7-2.

In this case, we called the original source code
file ch07.cpp.

LisTING 7-2: FIXING THE ASSERTS PROBLEM

#include "stdio.h"
#include "assert.h"

int main(int argc, char **argv)
{
assert( argc > 1 );
if ( argc > 1)
printf("Argument 1 = %s\n", argv[1l]
)
return 0;

What is the difference here? Obviously, if you compile
the program in debug (that is, non-optimized) mode
and run it with no arguments, the assert is triggered
and the program exits, kicking out an error statement
as before. If you compile in optimized mode, however,
the assert is skipped and the program tests to see
whether there are enough arguments to process. If

not, the offending statement that would potentially
crash the program is skipped. It’s hard, and a little
sad, to tell you how many programs were shipped
into the world (over the last twenty years or so) con-
taining functions like this:

int func( char *s)

{

assert(s != NULL);
strcpy( myBuffer, s);
}

This function is intended to copy an input string into
a buffer that is supplied by the programmer. That
buffer has a certain size, but we are not checking for
the maximum allowable number of characters in the
input string. If the number of characters coming in is
bigger than the number of characters in the
myBuffer array, it will cause problems.

As you can imagine, this causes a lot of problems in
the real world, because memory that does not
belong to the application is being used and assigned
values. Asserts are very useful for defining test
cases, trapping exceptional errors that you know
could happen but shouldn’t, and finding problems
that you really didn’t expect to see happen. The
nicest thing about asserts is that after you find the
problem that it indicates, generally you can use
your debugger to figure out exactly what caused the
problem — and usually the best approach is to use a
stack-trace mechanism. In Technique 62, “Building
Tracing into Your Applications,” I show you how to
build a mechanism like this into your application so
that you can find problems like this at run-time.

Always run your program through a complete
test suite, testing for all possible asserts, in an
optimized environment. That way, you know
the assert calls won't hurt anything when you
get the program into the real world.
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macros and constant values for use in my programs. It’s a useful

approach — even so, there are enough downsides that the C++
standards group chose to create a new way to define constants in your
application: the const statement. The const statement is used in the
following manner:

Throughout this book, I often use the #define statement to create

const int MaxValues = 100;

If this looks familiar, it’s a lot like the way I've been using the f#define
statement:

ftdefine MAX_VALUES 100

The difference is that the const construct is defined at the compiler level,
rather than at the pre-processor level. With const, the compiler can better
optimize values, and can perform type-safe checking.

Here’s an example. First, here’s how the #define method works. Suppose
[ write a definition like this:

J#define NoValues O

and then write a C++ statement that says

char *sValues = NoValues;

The statement will compile (although some compilers may issue a warning
about an unsafe conversion) because the NoValues declaration equates to
a string value of NULL. So far, so good — but suppose I now change that
value by defining the following (note that any non-null value would illus-
trate the problem the same way):

j#define NoValues -99

The behavior of the svalues assignment is unpredictable. Some compilers
will allow it, assigning a very strange character (whatever -99 is in the
character set you are using) to the string. Other compilers will not allow
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it and will complain bitterly, giving you strange errors
to interpret and correct. Either way, the outcome is
unpleasant.

Now for the const method. If you wrote

const char *NoValues = -99;

then you would immediately see how the compiler
reacted (by generating a compile error) at the
moment you defined the constant. The const con-
struct is type-safe — you give it a type, and can assign
it only to things of the same, or compatible, types; it
won’t accept anything else, so its consistency is safe
from disruption.

One other compelling reason to use the const con-
struct instead of the #define construct is that the
const construct is a legitimate C++ statement that
must compile properly on its own. The #define con-
struct is a pre-processor statement — literally
pasted into the code by the C++ pre-processor wher-
ever the statement is found. That arrangement can
lead to some very strange problems. For example,
when a string that is enclosed in quotes is pasted
into a given position in the code, the compiler may
interpret the quotation marks as enclosing the code
around it as well. This may have the effect of com-
menting out code by making it a literal string rather
than a code string.

Using the const Construct

The C++ standard provides a method for fixing the
problems caused by the #define statement in the
pre-processor. This statement is the const state-
ment, which is handled by the compiler, not the pre-
processor, and therefore makes your code easier to
understand and debug.

1. In the code editor of your choice, create a new
file to hold the code for the source file of the
technique.

In this example, the file is named ch08. cpp,
although you can use whatever you choose.

2. Type the code in Listing 8-1 into your file.

Better yet, copy the code from the source file on
this book’s companion Web site.

Note that in this listing, you can see the effects of
both the ##define version of the statement and the
const version of the statement. The compiler will
interpret them differently, as we will see shortly.

LisTinG 8-1: UsinG CONSTANTS

#include <stdio.h>

const int MaxValues = 100;
J#define MAX_VALUES 100; -1

int main(int argc, char **argv)
{
int myArray[ MaxValues 1;
int myOtherArray[ MAX_VALUES 1;

for ( int i=0; i<MaxValues; ++i )
myArray[i] = 1;

for ( int i=0; i<MAX_VALUES; ++i )
myOtherArray[i] = 1;

return 0;

3. Compile the application, using your favorite
compiler on your favorite operating system.

Compiling this ordinary-looking program, you will
get the following error messages. (This is how it
looks on my version of the gcc compiler; yours
might look slightly different.)

$ gcc ch08.cpp
ch08.cpp: In function “int main(int,

char**)":
ch08.cpp:9: error: syntax error before ;'
token
ch08.cpp:13: error: syntax error before
;' token

ch08.cpp:14: error: “myOtherArray' unde-
clared (first use this function)

ch08.cpp:14: error: (Each undeclared iden-
tifier is reported only once for each
function it appears in.)



The next section describes how to correct these
errors.

Identifying the Errors

Looking at the lines that the errors appear on, it is
quite unclear what the problem might be. The first
line reference is marked with the = 1 symbol.

This certainly looks like a valid line of code — what
could the problem be? The answer lies not with the
compiler but with the pre-processor. Remember, the
pre-processor takes everything that follows the
token you define (on the #define line) and faithfully
pastes it into the code wherever it finds the token
later on. In this case, after the paste occurs, the line
itself is converted into

int myOtherArray[ 100; 1;

v You can save yourself a lot of time, effort, and
- («@ trouble by using the proper parts of the lan-
& guage in the proper places. The j#define
mechanism is wonderful for creating macros,
or even for defining constant strings. When it
comes to things that are really constant values,
use the proper syntax, which is the const
keyword.

Note that extra semicolon in the middle of the array
definition. That’s not legal in C++, and will cause

errors. But rather than pointing at the “real” offending

line, which is the {#fdefine with a semi-colon at the
end, the compiler gives you a confusing error about
a line that looks just fine.

The f#fdefine definition may cause errors, but the
const definition of MaxValues has no such problem.
What it provides is simply a definition of a value —
and you can then use that value anywhere in the
program that a literal value or #define constant can
be used.

The primary advantage of the constant is that
it will always be evaluated properly.

Fixing the Errors 4 7

Fixing the Errors

How do we fix these problems in the compiler so
that the code does what we want? Let’s take a look
at some ways in which you can make the code com-
pile and do what you intended, instead of letting the
compiler guess incorrectly at what you want.

1. Reopen the source file in your favorite code
editor.

2. After the file is open, modify the existing pro-
gram to fix the compilation errors, as follows.

Note that this code replaces the previous code
listing, it does not get added to it.
int main(int argc, char **argv)
{
int xVal = 10;
int myArray[ xVal 1;

for ( int i=0; i<xVal; ++i )
myArray[i] = i;

return 0;

There is a danger with using this approach.
Consider the following:

int xVal;
int myArray[ xVal 1;

Always initialize all variables in your code,
even if you don't think you will need them.

In the non-optimized version of the code, xVal is
assigned a value of 0 — which allows you to create
an array with 0 elements in it. The trouble starts
when you run the optimized version: The value of
xVal is undetermined, and this code will likely cause
a program crash. Try not to do things like this. The
best way to fix things like this is to set the compiler
warning level to its highest, which will detect unini-
tialized variables that are used.
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board in their use. Aside from the obvious possible disaster (the

pre-processor goes berserk and replaces any code in your applica-
tion with whatever resides in the macro), macros often have side effects
that are not clear when they’re invoked. Unlike functions — whose side
effects can be detected in the debugger — a macro has no such debug-
ging functionality. Because the pre-processor “copies” the macro’s code
into your application, the debugger really doesn’t understand how the
macro works. And even though macros allow you to avoid the overhead
of pushing data onto the stack and popping it off to invoke a function, the
macro increases code size by duplicating the same block of code every
time it’s used.

The pre-processor and macros are useful things, but don’t go over-

Of course, these reasons by themselves aren’t enough to make program-
mers want to avoid using macros. There are much better reasons. For
example, consider the min (for “minimum”) macro, which many programs
define like this:

fidefine min(X, Y) ((X) < (Y) ? (X) : (Y))

Suppose you use the min macro with an argument that does something
else — say, like this —

next = min (x + vy, func(z));

The macro expands as follows:

next = ((x +y) < (func(z)) ? (x +y) : (func(z)));
where x + y replaces X and func(z) replaces VY.
simply tired of typing the same code over and over. Think of them as

a keyboard shortcut instead of as a block of code and you will save a
lot of time debugging them.

] In C++ programming, macros are generally a bad idea unless you are
B> a1
é



Initiating a Function with a String Macro — Almost

Now, this might not seem like a bad thing. But what
if the func function has some side effect that occurs
when it is called more than once? The side effect
would not be immediately apparent from reading the
code that shows the function being called twice. But
a programmer debugging your program might be
stunned if (for example) a function func cropped up
looking like this, because it would mean that the input
value was being changed not once, as it appears, but
twice:

int func(int &x)
{
X *= 2;
return x;

}

Obviously, this function accepts a single integer
argument by reference. It then multiples this argu-
ment by two and returns it. What is the problem
here? Well, because the argument is passed by refer-
ence, the original argument is changed. This out-
come may be what was intended, but it can also
cause problems, as in the case of the min macro.
Instead of having the function return twice the value
and compare it, we are actually looking at it com-
pared to four times the argument. You can see from
the expanded version of the macro that z will be
passed into the function two times, and since the
function takes its argument by reference, it will be
modified in the main program This is very unlikely
to be what the programmer originally intended.

Initiating a Function with a
String Macro — Almost

Macro issues become subtler when you’re allocating
and copying strings — which programmers do in
C++ all the time. Here’s the usual scenario: You have
an input string, want to make a copy of it, and store
the result in another string. A library function, called
strdup, does this exact thing. But suppose that you
want to copy only a certain number of bytes of

the original string into your new string. You couldn’t
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use strdup because it always duplicates the string
entirely. Further, assume that in order to conserve
memory, you want to remove the original string after
copying. This might be done to shrink a string, per-
haps, or to make sure something always fits in a par-
ticular database field. The following steps show how
to create code that does this handy task — imple-
menting it as a macro and then as a function to see
what the issues with each might be.

1. In the code editor of your choice, create a new
file to hold the code for the source file of the
technique.

In this example, the file is named ch09.cpp,
although you can use whatever you choose.

2. Type the code in Listing 9-1 into your file.

Better yet, copy the code from the source file on
this book’s companion Web site.

LisTinGg 9-1: THE MAcRo FiLe

#Finclude <stdio.h>
#include <string.h>

// This will be our macro version
ffdefine COPY_AND_TRUNC(ns, s) \
if ( strlen(s) > 20 ) \

{\
ns = new char[ 20 1; \
memset( ns, 0, 20 ); \
strncpy( ns, s, 20-1 ); \

P

else \

{\
ns = new char[ strlen(s) 1; \
memset( ns, 0, strlen(s) ); \
strcepy( ns, s ); \

P

delete s;

int main(int argc, char **argv )

char *s = new char[80];
strcpy( s, "This is a really long string
to test something");
char *ns = NULL;
COPY_AND_TRUNC( ns, s );
(continued)
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LisTiNG 9-1 (continued)

Technique 9: Macros and Why Not to Use Them

LisTing 9-2: THE UppATED MAcRro FiLE

printf("New string: [%sI\n", ns );
char *s2 = new char[80];
strcpy( s2, "This is a really long
string to test something");
COPY_AND_TRUNC( s2, s2 );
printf("New string: [%sI\n", ns );
return 0;

Note that you can create a multiple line macro by
using the backslash (‘\") character at the end of
the previous line. Doing so expands the macro
until it’s almost a complete function.

Compile the program with your favorite com-
. P! prog y
piler on your favorite operating system.

4. Run the program on your favorite operating
system.

If you’'ve done everything properly, you will see
the following output:

$ ./a.exe

New string: [This is a really 10l

New string: [(null)]

Fiving What Went Wrong
with the Macro

What happened here? The output of the last function
call should have been the same as the first one! This
is a serious problem that can be traced to a side effect
of the macro. Because the procedure didn’t check to
see whether input and output were the same, you
cannot safely delete the character-pointer buffer
that you didn’t allocate. However, by following the
steps given here, you can rewrite this macro as an
equivalent — but safer — function.

1. Reopen the source file in your code editor.

2. Make changes to the source code as shown in
Listing 9-2. Note that the lines to be modified
are shown at = 1 and — 2. The blocks of code
shown here should be added.

#Hinclude <stdio.h>
#include <string.h>

// This will be our macro version
Jfdefine COPY_AND_TRUNC(ns, s) \
if ( strlen(s) > 20 ) \

{\
ns = new char[ 20 1; \
memset( ns, 0, 20 ); \
)

strncpy( ns, s, 20-1 \
oA
else \
{\

ns = new charl[ strlen(s) 1; \
memset( ns, 0, strlen(s) ); \
strepy( ns, s ); \

JA

delete s; \

s = NULL;

char *copy_and_truncate( char *& s ) > 1
{
char *temp = NULL;
if ( strlen(s) > 20 )
{
temp = new char[ 20 J;
memset( temp, 0, 20 );
strncpy( temp, s, 20-1 );
1
else
{
temp = new char[ strlen(s) 1;
memset( temp, 0, strlen(s) );
strcpy( temp, s );
1

delete s;
s = NULL;
return temp;

int main(int argc, char **argv )

{
char *s = new char[80];
strcpy( s, "This is a really long string
to test something");



char *ns = NULL;

COPY_AND_TRUNC( ns, s );
printf("New string: [%s]\n", ns );
char *s2 = new char[80];

strcpy( s2, "This is a really long
string to test something");
COPY_AND_TRUNC( s2, s2 );
printf("New string: [%s]\n", s2 );
char *s3 = new char[807;

strcpy( s3, "This is a really long
string to test something");

s3 = copy_and_truncate( s3 ); -2
printf("New string: [%s]\n", s3 );

3. Save the source code in your source-code editor
and close the source-code editor application.

4., Compile the program using your favorite com-
piler on your favorite operating system.

If you have done everything properly, this time
you should see the following output in your con-
sole window:

$ ./a.exe

New string: [This is a really 1o0]
New string: [(null)]

New string: [This is a really 1o0]

Note that this time, your function did exactly what
you expected it to do. Not only did you not wipe out
your pointer, you also did not cause the memory
leak that the previous version caused. Okay, imagine
having to hassle with macros like that over and over
just to get your work done. To avoid all that aggrava-

Using Macros Appropriately 5 ’

tion, I recommend choosing functions for anything
but the very simplest macros. The function shown in
the modified code causes no problems, whereas the
macros in the initial listing do. This should illustrate
the problems caused unintentionally by macros.

Using Macros Appropriately

What are macros good for, then? Remember, a macro
is nothing more (and nothing less) than syntactical
sugar; it’s easy to wind up with too much of a good
thing. Using a heap of macros may make reading
your coding easier, but you should never modify
your code itself with a macro. For example, if you
have a particularly complex expression — such as
(*iter).c_str() — which can occur when you're
using the Standard Template Library (STL) in C++ —
you could create a macro that says:

fidefine PTR(x) (*x)

Then you can write PTR(x).c_str(), and however
often you write it, the definition will be consistent.
This isn’t a complicated example, but it gives you an
idea of when and when not to use macros in your
C++ applications. The macro is straightforward, has
no side effects, and makes the code easier to read
later. These are all good reasons to use a macro.

If you are trying to generalize a block of code,
use templates instead of macros. Your finished
source code is more compact that way, and
debugging considerations are easier.
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but it should be thought of as one. The sizeof operator, as its

name implies, returns the size, in bytes, of a given piece of informa-
tion in your application. It can be used on basic types — such as int,
Tong, float, double, or char * — and on objects, classes, and allocated
blocks as well. In fact, anything that is a legitimate type can be passed to
the sizeof function.

The sizeof operator is not technically a part of the pre-processor,

The sizeof function is extremely useful. If (for example) you want to allo-
cate a block of memory to hold exactly one specific type of data, you can
use the sizeof function to determine how many bytes you need to allocate,
like this:

int bytes = sizeof(block);
char *newBlock = new char[bytes];
memcpy ( newBlock, block, bytes );

This capability is also useful when you’re saving an object into memory
while performing a global undo function. You save the state of the object
each time it’s going to change, and then return it to that saved state by
simply copying the block of memory over it. There are other ways to do
this task, of course, but this one is simple and very extensible.

In the following sections, [ show you what sizeof can and cannot do.

Using the sizeof Function

The sizeof function can be valuable in determining system configurations,
sizes of classes, and illustrating many of the internals of the C++ system.
The following steps show you how the sizeof function is used, and how it
can show you something about the internals of your own code:

1. In the code editor of your choice, create a new file to hold the code
for the source file of the technique.

In this example, the file is named ch10. cpp, although you can use
whatever you choose.



2. Type the code from Listing 10-1 into your file.

Better yet, copy the code from the source file on
this book’s companion Web site.

LisTing 10-1: THE SizeoF PROGRAM

#include <stdio.h>
#include <string>

class Foo
{
public:
Foo() {};
~Foo() {};
1

class Bar
{
public:
Bar() {};
virtual ~Bar() {};:
b

class Full
{
int x;
double y;
public:
Full()
{
}
virtual ~Full()
{
}
1

class Derived : public Foo
{
public:
Derived() {};
~Derived() {};

int main()

int x = 0;

long y = 0;
float z = 0;
double d = 0.0;

std::string s = "hello";

Using the sizeof Function 53

// Basic types

printf("size of
sizeof(char));
printf("size of

char: %d\n",

char *: %d\n",

sizeof(char *));

printf("size of
printf("size of
printf("size of
sizeof(z));
printf("size of
sizeof(d));

printf("size of
)s
printf("size of
sizeof(Foo));
printf("size of
sizeof(Bar));
printf("size of
sizeof(Full));
printf("size of
(

int: %d\n", sizeof(x));
long: %d\n", sizeof(y));
float: %d\n",

double: %d\n",

string: %d\n", sizeof(s)
Foo: %d\n",
Bar: %d\n",
Full: %d\n",

Derived: %d\n",

sizeof(Derived));

Save the source code as a file in the code editor
and then close the editor application.

Compile the program, using your favorite com-
piler on your favorite operating system.

Run the program.

If you have done everything properly, you should
see the following output in your console window:

$ ./a.exe

size of char: 1
size of char *: 4
size of int: 4
size of long: 4
size of float: 4
size of double: 8
size of string: 4
size of Foo: 1
size of Bar: 4
size of Full: 16
size of Derived:

1
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Technique 10: Understanding sizeof

You can see from the output the number of bytes
that each of the elements we print up occupy in
memory for this program. There are no real sur-
prises here, except for the size of the classes. Let’s
take a look at what these results mean.

Evaluating the Results

There are some interesting conclusions to be made
from this output. For example, although some of the
results are not surprising at all (for instance, that the
size of a character field is 1 byte), some surprises
crop up — for example, the size of a character
pointer is the same as any other pointer, which turns
out to be the size of a 1ong. That means the maxi-
mum allowable number of bytes you can allocate
using standard pointers is 4 bytes worth — 32 bits.
(That’s why Microsoft Windows is a 32-bit operating
system. But you knew that.)

You can save a lot of debugging time and
- («ﬂ design effort by remembering one handy rule:
Always check the size of the values you are
working with. Rather than hard-code into your
application numbers specifically for reading
bytes, words, and floating-point values, use the
sizeof function to get the correct sizes for
the compiler, platform, and operating system
you are using.

The next surprise is lurking among the objects in the
list: The size of a string is shown as 4 bytes, which
can’t possibly be right — the string it’s storing is
longer than that. How can that be? The answer is that
the sizeof function returns the number of bytes
directly allocated by the object — that is, the number
of bytes occupied by the private and public variables
in the object, plus a few bytes for virtual functions
(such as those in the Foo and Bar classes). Notice
that even though the Bar class has no member vari-
ables, it still takes up 4 bytes because it needs the
virtual function table (or v-table) discussed earlier in
Technique 2. Now, why does the Foo class take up 1
byte, when it has no virtual methods and no member
variables? The answer is that the sizeof function is

required to return at least 1 byte for every class. This
is to ensure the address of one object will never be the
same as the address of another object. If C++ permit-
ted objects to have zero size, the compiler wouldn’t
be forced to assign those objects a new address in
memory. To illustrate, if [ wrote the following:

Foo f1;
Foo f2;

the compiler would be free to make both of these
objects point at the same location in memory. This is
not desirable, even if neither object had any memory
allocated to it. Having two objects with the same loca-
tion would break too many standard library functions.
Any function that compared source and destination
(for example) would be broken, even if that breakage
caused no real harm. The reason for this is that com-
parison is done by looking at the addresses the two
pointers occupy in memory. If the two addresses are
the same, the assumption is that what they point at is
the same. If two objects have no data in them, but
occupy the same position in memory, they are not the
same, even if they seem to be.

The Bar class also contains no member variables,
but contains a virtual function, and thus pushes the
number of allocated bytes to 4. That way of working
suggests that there is something very physical about
virtual functions, and that you have to incur a mem-
ory cost to use that feature.

Even in programming, there is no such
thing as a free lunch.

The Ful1 class contains several member variables —
a double that takes up 8 bytes, and an integer that
takes up 4 — and yet it has 16 allocated bytes.
Where do the other 4 bytes come from? You guessed
it: from the infamous virtual table, which is created
by that virtual destructor. What does this tell us?
Even if you don’t have a “normal” virtual method,
having a virtual destructor still creates a v-table
entry — and that means 4 more bytes in the
allocation.



The Derived class is puzzling — it looks like it ought
to eat up more size than it does. When you look care-
fully at this class, however, you realize that it contains
no virtual function, and neither does the base class
from which it is derived. So once again, here is an
example of an empty class that takes up a single byte.

Using sizeof with Pointers

No discussion of the sizeof function would be quite
complete without a look at a common mistake that
C++ programmers make when they use the function.
Consider the following little program:

#include <stdio.h>
J#include <stdlib.h>

const char arr[] = "hello";
const char *cp = arr;

main(){

printf("Size of array %d\n",
sizeof(arr));
printf("Size of pointer %dn",
sizeof(cp));
return(0);
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Using sizeof with Pointers

Because one statement outputs the size of an array
and the other the size of a pointer to that array, you
would think that the two printf statements in this
little program would display the same values. But
they do not. In fact, if you take a look at the output,
it looks like this:

Size of array 6
Size of pointer 4

The C++ language offers no way to get the
size of an array from a single pointer. If
you try to use the sizeof operator for

that purpose, it will return a valid result
but won’t give you what you want.

The size of an array is known at compile time and
can be displayed by the sizeof function. On the
other hand, a pointer is always the size of a pointer,
no matter what it’s pointing at. Furthermore, if you
try to return the size of an array by including the
statement sizeof (*cp) where cp is the array, you'll
find that the answer is (again) not 6 but 1. Oops.
Why is this? Because the expression *cp evaluates to
a character, and the size of a single character is
always one byte. Be very careful if you're trying to
use the sizeof function on pointers — especially if
you want to use the result to represent the size of
what’s being pointed at.
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Basic types are those defined by the language, which generally are
modeled on types supported directly by the computer hardware.
These types include integers, floating point numbers, and characters.
Advanced types, such as strings, structures, and classes, fall into the
user-defined region. In this technique, we examine the first region, the

basic type. I save the advanced types for the next technique.

In C++, types are separated into two regions, basic and user-defined.

How many times have you written a program that required a basic inte-
ger variable to be constrained within a given range? You end up duplicat-
ing the same code over and over throughout your application, in blocks
that look like this:

int value = get_a_value();

if ( value < 0 || value > 10 )

{
printf("invalid input, try again\n");
return false;

}

Of course, after you have shoehorned all these blocks into the code, your
boss comes along and tells you that the folks in the accounting depart-
ment have decided that ten is no longer the magic number — now it’s 12.
So, you modify all of the code, learning something in the process —
namely that you're better off using constants in this situation than vari-
ables. Your modifications look like this:

const int maxValue = 12;

int value = get_a value();

if ( value < 0 || value > maxValue )

{
printf("invalid input, try again\n");
return false;

}

You check the code into your source-code repository and sure enough,
the boss comes into your office again. The accountants have requested
another change. While the maximum allowable value is still 12, zeroes
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are not allowed in the accounting system. The small- private:

est value you are permitted to enter is 1. Grumbling, int iMin;
you rewrite the code one more time (taking advan- ! nt ! Max;
tage of what you have learned in the first two experi- it ivaiue:

ences) to create something slightly more generic: virtual void SetValue( int value )

{

const int minValue = 1;

if 1 < tMi
const int maxValue 12; it (value Gethin() )

value = GetMin();
else
if ( value > GetMax() )
value = GetMax();
iValue = value;

int value = get_a_value();

if ( value < minValue || value > maxValue
)

{ )

printf("invalid input, try again\n");

return false;

public:
I IntRange(void)
{
iMin = 0;
Implementing the Range Class Max = INT_HAX;
iValue = iMin;
}
In this technique, [ show you a more general way to IntRange(int min, int max)
solve this problem — by using a C++ class. The idea is {
to just extend the basic type of int to allow for mini- if ( min <= max )
mum and maximum values. The problem, of course, is { VT
that I still want to be able to use other types (such as 1 m;z _ rnn];z ’
integers) for comparisons and assignments and the ) ’
like. The class created in the following steps handles else
minimum and maximum values, and restricts input {
within those values. iMin = max;
iMax = min;
1. In the code editor of your choice, create a new }

file to hold the code for the implementation of Value = iMin;

the source file. )

IntRange( int min, int max, int value
In this example, the file is named ch11.cpp, {

although you can use whatever you choose. if (min <= max )

{

2. Type the code from Listing 11-1 into your file. iMin = min;
iMax = max;
Better yet, copy the code from the source file on }
this book’s companion Web site. else

{
iMin = max;

LisTinG 11-1: THE RANGE CLASS ) e
iMax = min;

#include <stdio.h> }
#include <stdlib.h> SetValue( value );
#include <limits.h> }

IntRange( const IntRange& aCopy )
class IntRange {

{



iMin = aCopy.iMin;
iMax = aCopy.iMax;
iValue = aCopy.iValue;

}

virtual ~IntRange()

{

}

virtual int

{

GetMin(void)

return iMin;
}

virtual int
{

GetMax(void)

return iMax;
}
// Define a few operators
IntRange& operator=(int value)
{
SetValue ( value );
return *this;
}
IntRange& operator=(double value)
{
SetValue( (int)value );
return *this;
}
virtual int GetValue(void) const
{
return iValue;
b

If you examine this code, you will find that it
verifies that the value of an integer variable falls
within a certain range. You can define your own
minimum and maximum values for the range, and
the class will ensure that any value assigned to
that variable falls inside that range.

The interesting part of this class is the last part,
comprised of the lines below the Define a few
operators comment. This is where the power of
C++’s extensibility shines. | have defined assign-
ment operators so that our class can be used with
the built-in types int and double. Obviously, I
could add additional types here, including strings
and the like, but this is enough for right now. With
this power, you can now use the IntRange class to

01

Implementing the Range Class

store your data, sure that the value in the object
will always be valid. That’s a comfort, and it
means there’s no longer any reason to write code
like the following:

int x = get_a_value();
if ( x <min || x > max )
do_some_error();

Instead, I can simply write

IntRange myRangeObj(min, max);
myRangeObj = val;
int x = myRangeObj.GetValue();

[ don’t have to check the returned value, because
the code requires that it be correct. There is
something else that I can do with this class, how-
ever, and that is to define external operators for
it. Being able to define an external operator is
extremely beneficial because it allows users with
no access to the source code of the class to cre-
ate new ways to use the class. This is something
absolutely unique to C++; no previous language
has anything like it. Without having access to the
source code for this class, we can override basic
operations (such as less-than, greater-than, or
equal-to) in our own code. The ability to add
external operators makes it possible to add
things the original programmer did not think of
for the class operations.

Add the code from Listing 11-2 to your source-
code file. This code could easily be added at
a later date, in a separate file, by a separate
programmer.

LisTinG 11-2: RANGE CLASS OPERATORS

bool operator<(const IntRange& aRange, int

aValue )

{

return aRange.GetValue() < aValue;
}

bool operator==(const IntRange& aRange, int

aValue )

{

return aRange.GetValue() == aValue;
}
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4. Save your source-code file and close the code printf("The value is over 19\n");

editor. if (§20 < 10 )
printf("The value is under 10\n");
. else
Test,nq the /?ange Class printf("The value is over 10\n");
if (120 == 13 )
After you create a Range class, you should create a printf("The value is 13\n");
test driver that not only ensures that your code is else
correct, but also shows people how to use your code. printf("The value is NOT 13\n");
Here I show you how to create a test driver that return 0;

validates various kinds of input from the user, and )

illustrates how the Range class, as defined in the pre-
vious section, is intended to be used.

3. Compile and run the application in the operat-

1. In the code editor of your choice, open the ing system of your choice.
existing file to hold the code for your test L
program. If you have done everything right, you should
see the following output in the shell window on
In this example, I named the test program your system:
chll_1.cpp. $ ./a.exe 1 2 -1 30

2. Type the code from Listing 11-3 into your file. Setting value to 1, value is now 1
Setting value to 2, value is now 2

Setting value to -1, value is now O
Setting value to 30, value is now 20
The value is under 19

The value is over 10

LisTING 11-2: THE RANGE CLASS TEST DRIVER The value is 13

int main(int argc, char **argv)

{

Better yet, copy the code from the source file
in the ch11 directory of this book’s companion
Web site.

As you can see, the Range class does not allow
the values to be assigned outside of the valid

IntRange i20(0,20);
g entries we defined in our source code.

for (int i=1; i<argc; ++i )

{ Notice how the Range class can be used just as if
120 = atoi(argvlil); it were a basic type that was a part of the lan-
printf(:Set’Eing va]ge to %s, value guage from the very start! This amazingly power-
Is now %d\n", argvlil, ful technique lets you do just about anything you

| 120.GetValue() ); want (in code, that is). It even makes possible

i20 = 13- the direct conversion of your own data types
if (920 < 19 ) into the base type you are extending, in order to
printf("The value is under 19\n"); pass them directly to functions that expect the

else basic type.
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built-in types, the real goal of programming in C++ is to create new

types that the language designers never thought about. For exam-
ple, imagine that you need to work with a matrix in your program. A
matrix is simply a two-dimensional array of values. In this technique, |
show you how to create a new type, a Matrix class for use in graphics
calculations. To do so, it pays to remember that users don’t really have
to understand how things work behind the scenes; if they can just use
those new types as if they were a natural part of the language all along,
users are much more likely to use the object and return to it again and
again. For the C++ class system, that means our goal is to make the
object into something that looks, feels, and acts like a basic type such as
integer or float.

Of course, although it is all well and good to create extensions of

Let’s start out with the basics of creating a Matrix class. This class will
allow you (eventually) to do basic matrix algebra — such as adding two
matrices, adding or multiplying a constant to a matrix, and the like. The
best syntax for our Matrix class would be one that closely emulates real-
world matrices — that is, something like this:

Matrix m(10,10);
M[5]1[5]1 = 20.0;

This code would define a 10 x 10 matrix and allocate space for it. The ele-
ment at 5,5 would then be set to the value of 20.0, and all other elements
would be set to the value of 0.0 (which is the default). We could, for
example, create a derived class that implemented an identity matrix,
where the diagonal values of the matrix from left to right are set to 1.0
and all other values are set to 0.0.

Immediately, however, we run into a very serious problem. Although it’s
possible — in fact, fairly easy — to override the [] operator for a class, it
is not possible to override the operator []1[] (or []1[1[], or any other
number of levels of indirection for arrays). Given this limitation, how do
we create a class that “looks” like it has a two-dimensional array built
into it — and that you can access? The answer lies in some of the magic
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of C++. To see how it’s done, begin building the
Matrix class by implementing the ability to treat a
two-dimensional array as if it were a single object.
The next section shows you how.

Creating the Matriy Class

The Matrix class allows us to treat a two-dimensional
array as if it were a single object. This class looks

to the user as if it was a two-dimensional array of
values, but it does error checking and allows the user
to query the class for basic properties, such as the
width and height of the matrix. To do this, the follow-
ing steps show you how to create two separate
classes, one that encapsulates a single row of the
matrix, and one that holds arrays of those rows to
implement the complete matrix.

7. In the code editor of your choice, create a new
file to hold the code for the implementation of
the source file.

In this example, the file is named ch12.cpp,
although you can use whatever you choose.

2. Type the code from Listing 12-1 into your file.

Better yet, copy the code from the source file on

// Initialize the column
for ( int 1=0; i<size; ++i )
Columns.insert( Columns.end(),
0.0 );
}
Row( const Row& aCopy )
{
std::vector< double >::const_iterator
iter;
for ( iter = aCopy.Columns.begin();
iter I=

aCopy.Columns.end(); ++iter )

{
double d = (*iter);
Columns.insert( Columns.end(),

int size()
{
return Columns.size();

}

double& operator[](int index)
{

if ( index < 0 || index > Columns.
size() )
throw "Array Index out of
Bounds";

return Columns[ index 1;

this book’s companion Web site.

3. Save the source file.

LisTiNG 12-1: THE MATRIX CLASS

#include
#include
#include
#include

class Row

{
private:

std::

public:
Row (
{
}
Row (

{

<stdio.h>
<math.h>
<stdlib.h>
{vector>

vector< double > Columns;

void )

int size )

b

class Matrix
{
private:
std::vector< Row > Rows;
public:
Matrix ( int rows, int cols )
{
for ( int i=0; i<rows; ++i )
{
Row r( cols );
Rows.insert( Rows.end(), r );
}
}
Row& operator[](int index)
{
if ( index < 0 || index > Rows.
size() )
throw "Array Index out of
Bounds";



return Rows[ index 1;

}

void Print()
{
for ( int r=0; r<Rows.size(); ++r )
{
for ( int c=0; c<Rows[r].size();
++C )
printf(" %1f ",
)
printf("\n");

Rows[r][c]

}

int RowCount()
{
return Rows.size();
}
int ColumnCount()
{
if ( Rows.size() )
return Rows[0].size();
return 0;

The code in Listing 12-1 actually does almost

nothing — except provide storage space for the
matrix and provide methods for getting at that stor-
age space. In this way, the code is a perfect example
of object-oriented design and programming: The stor-
age is allocated, the space is managed, and the data is
hidden from the user. Otherwise the actual functional-
ity of the object is external to the object (not a good
idea). Note the use of two separate classes to allow
the illusion of multiple array indices. It’s worth a
closer look at the way this sleight of hand works.

When the user invokes the operator [ ] on the Matrix
class, it really returns a Row object. Of course, this
process is transparent to the user, who thinks that he
or she is simply operating on a given array element
within the matrix. After you obtain a Row element, you
then use the operator [] on that object to return indi-
vidual Column entries in the row.
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To the user, it looks like you're using a two-
dimensional array. This same technique can be used
to implement any number of levels of array you
want. Just replace the double entries in the Column
class with additional Column objects, and you have a
multidimensional array class that can handle virtu-
ally any number of dimensions. Considering how
little work is needed to manage this trick in the
code, it’s pretty impressive work.

Of course, the problem here is that although we do
have the storage management of the matrix data
solved, we don’t actually do anything with it. Its all
very well and good to set individual elements in a
matrix, but what people really want are the opera-
tions that make matrices what they are — addition,
multiplication, and the like. So the real question is,
how do we implement this when we have already
written the class and added it to the system? That’s
where C++ saves our hash by letting us implement
operators outside a class. In fact, we can do things
that the original class designer never even thought
about — with no impact on the original design of the
class, and no need to modify the code that makes up
that class. The next section takes a closer look at an
operator that adds two matrices, and shows you
how to make it work.

Matrix Operations

After we have the basic class in place to implement
the data storage for the matrix, the next step is to
implement the functionality to operate on matrices.
First, let’s add two matrices. The following steps show
you how:

1. Add the code from Listing 12-2 to your source
file (or just grab the code from this book’s
companion Web site):

These operations are outside of the basic function-
ality of the class itself, so they are presented as
separate listings. You could add them to the origi-
nal file, create a new file to hold them, or put them
in your application source code. For simplicity, I
am just tacking them onto the original source file.
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LisTING 12-2: THE MATRIX OPERATORS

Matrix operator+( Matrix& ml, Matrix& m2 )
{
// Here, we need to check that the rows
// and columns of the two are the same.
if ( ml.RowCount() != m2.RowCount() )
throw "Adding Matrices: Invalid
Rows";
if ( ml.ColumnCount() !=
m2.ColumnCount () )
throw "Adding Matrices: Invalid
Columns";

Matrix m( ml.RowCount(),
ml.ColumnCount() );

for ( int r=0; r<ml.RowCount(); ++ r )
{
for ( int ¢=0; c<ml.ColumnCount();
++c )
mlrllc] = mllrllc] + m2[r]lc];
1

return m;

2. Save the source-code file.

Aside from its actual functionality, this little code
snippet illustrates some important points. First,
because the operator is defined outside the class,
we can only use methods defined as public in the
class when we’re working on the data. Fortunately,
as you can see by the code, those methods are all we
really need. The “rules” for matrix addition are fairly
simple — you just add the same row and column
values for each matrix and put the result into the
output matrix. Note that because we are returning
an object, rather than a reference to an object, we
need to worry about copying the object. If you are
returning a C++ object, it will automatically invoke
the constructor to create the initial object and then
the copy constructor to return a copy of the object.
Fortunately, the copy constructor is defined for the
Matrix class.

One problem with operators is that they have no
real way to return errors to the calling program. For
example, when you write:

X =Yy + 2z

there is really no way to determine that an error
occurred. When we add two integers, we can actu-
ally cause all sorts of errors, such as underflows and
overflows, but those are mostly hidden from the
user. For this reason, the only way that we can indi-
cate to the user that there was a problem is to throw
an exception. This is a very hard decision to make in
terms of design, because it raises the possibility of
exceptions in any line where the end user writes
code — as in this example:

Matrix m3 = ml + m2;

This line could throw an exception — in which case
you’d have to enclose it in a try/catch block — it
could bounce you straight out of your application.
Obviously, adding two matrices doesn’t seem like
the kind of thing you should be worrying about
crashing your application. We could simply return a
blank matrix if the bounds of both matrices were not
the same; that would be another choice, but a more
complicated one. Now you are getting a result you
did not expect from a standard operation. This is
one reason for not using overloaded operators; they
often have side effects that really don’t apply to
“standard” types.

Multiplying a Matrix
by a Scalar Value

As with the addition of two matrices, we can also
multiply a matrix by a scalar value. This operation is
actually easier to code than the addition of two
matrices, but has an additional side effect that’s
worth talking about — in a minute. The first order of
business is to code the operation. To multiply a
matrix by a scalar value, follow these steps:
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1. Using your code editor, reopen the source-code
file for this technique and add the contents of
Listing 12-3.

LisTinGg 12-3: ScALAR MULTIPLICATION

Matrix operator*(Matrix& ml, double scalar)
{
Matrix m( ml.RowCount(),
ml.ColumnCount() );

for ( int r=0; r<ml.RowCount(); ++ r )
{
for ( int c=0; c<ml.ColumnCount();
++c )
mlrllc]l = mllrllc] * scalar;
1

return m;

2. Save the source-code file.

You can then use this code in your program — for
example, by writing the following line:

Matrix m2 = ml * 4;

This command will work fine, generating a matrix of
the appropriate size that is the scalar multiple of the
original matrix — and it will multiply all elements by
4. The problem comes in when you try this:

Matrix m2 = 4 * ml;

Oops. You've reversed the order of the operands —
and suddenly there’s a problem with the compiler.
You get an error that says

error: no match for 'operator*' in '4 * m4'
error: candidates are: Matrix
operator*(Matrix&, double)

The reason that you get this error is that the com-
piler takes the 4 * m1 command and translates it to
acall to operator*(int, Matrix& ml). You do not
have this method defined.

This is where the apparent magic of C++ gets tricky:
C++ allows you to define operators for addition of
classes that are as simple to use as adding two
numbers (like 1+ 2). It can handle the simple stuff —
scalar multiplication of integers, for example — and
it understands that numbers can be multiplied in any
order. The problem comes in when you try to apply
that same concept to your own classes. You have to
apply a few tricks of your own; in the next section, I
show you how.

Multiplying a Matrix by Scalar
Values, Take 2

To resolve this, we need to create a new operator,
with virtually the same code, and place the argu-
ments in the opposite order. The following steps
show you how:

1. Using your code editor, reopen the source-code
file for this technique and modify the code as
you see in Listing 12-4.

Listing 12-4: MATRIX MANIPULATION FUNCTIONS

Matrix scalar_multiplication( Matrix& ml,
double scalar )
{

Matrix m( ml.RowCount(),
ml.ColumnCount() );

for ( int r=0; r<ml.RowCount(); ++ r )
{
for ( int c=0; c<ml.ColumnCount();
++c )
mlrl1lc] = ml[{r]lc] * scalar;
1

return m;
}

Matrix operator*(Matrix& ml, double scalar)
{
return scalar_multiplication( ml, scalar
)

(continued)
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LisTiNG 12-4 (continued)

Matrix operator*(double scalar, Matrix& ml )

{

return scalar_multiplication( ml, scalar

)s

2.

Note that this code replaces the existing opera-
tor* that we implemented earlier. Remove the
existing implementation or you will get a dupli-

cate definition error from the compiler for having

two of the same methods defined.
This code allows us to write either:
Matrix m2 = 4 * ml;

Or

Matrix m2 = m1 * 4;

Because the compiler can resolve either order
into a valid method, it will allow you to do both
in your code. Because the actual multiplication
action is the same in either case, we factor out
the code that does the “real” work and call it
from both methods. This refactoring reduces the
total amount of code, and makes it easier to
track down problems.

Save the source-code file.

Testing the Matriy Class

After you create a Matrix class, you should create
a test driver that not only ensures that your code is
correct, but also shows people how to use your

code.

Here’s the procedure that creates a test driver that
validates various kinds of input from the user, and
illustrates how the Matrix class is intended to be

used:

1

In the code editor of your choice, open the
existing file to hold the code for your test
program.

In this example, [ named the test program
chl2.cpp.

Type the code from Listing 12-5 into your file.

Better yet, copy the code from the source file on
this book’s companion Web site.

LisTING 12-5: THE MATRIX TEST DRIVER

int main()

{

Matrix ml1(5,5);
Matrix m2(5,5);

ml[2]1[2] = 3; -1
m2[21[2] = 4;

m2[31[3] = 5;

Matrix m3 = ml + m2; - 2
printf("Matrix 1:\n");

ml.Print();

printf("Matrix 3:\n");

m3.Print();

Matrix m4 = m3 * 5; - 3

Matrix mb = 4 * m4;
printf("Matrix 4:\n");
md.Print();
printf("Matrix 5:\n");
m5.Print();

3.

Compile and run the application in the operat-
ing system of your choice.

If you have done everything right, you should
see the output from Listing 12-6 in the shell win-
dow on your system.
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$ ./a.exe
Matrix 1:

0.000000 O.

0.000000

0.000000 O.

0.000000

0.000000 O.

0.000000

0.000000 O.

0.000000

0.000000 O.

0.000000
Matrix 3:

0.000000 O.

0.000000

0.000000 O.

0.000000

0.000000 O.

0.000000

0.000000 O.

0.000000

0.000000 O.

0.000000
Matrix 4:

0.000000 O.

0.000000

0.000000 O.

0.000000

0.000000 O.

0.000000

0.000000 O.

0.000000

0.000000 O.

0.000000

000000

000000

000000

000000

000000

000000

000000

000000

000000

000000

000000

000000

000000

000000

000000

0.000000

0.000000

3.000000

0.000000

0.000000

0.000000

0.000000

7.000000

0.000000

0.000000

0.000000

0.000000

35.000000

0.000000

0.000000

0.000000

0.000000

0.000000

0.000000

0.000000

0.000000

0.000000

0.000000

5.000000

0.000000

0.000000

0.000000

0.000000

25.000000

0.000000
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Matrix 5:

0.000000 0.000000 0.000000 0.000000
0.000000

0.000000 0.000000 0.000000 0.000000
0.000000

0.000000 0.000000 140.000000 0.000000
0.000000

0.000000 0.000000 0.000000 100.000000
0.000000

0.000000 0.000000 0.000000 0.000000
0.000000

As you can see from the above output, we are dis-
playing the individual matrix objects that are cre-
ated in the test program. The output shows that the
first matrix (m1) displays the data values which we
placed into it in the line marked = 1 in the test
driver code. The line marked = 2 shows the addi-
tion of two matrices, which we then display as
Matrix 3. Likewise, the code marked with = 3 indi-
cates the multiplication of a matrix by a scalar value,
which is displayed in the output as Matrix 4. If you
do the math, you will see that all of the output is cor-
rect, indicating that our Matrix class and its manipu-
lation methods are working properly.

As you can see, the matrices display properly and
the math is done correctly. We know our test pro-
gram is correct, and we can use it in the future when
we change things.
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v~ Testing the Enumeration
class

which has migrated almost untouched into the C++ language.

Enumerations are not true types, as classes are. You can’t define
operators for enumerations, nor can you change the way in which they
behave. As with pre-processor commands, the enumeration command is
really more of a syntactical sugar thing, replacing constant values with
more readable names. It allows you slightly better readability, but does
nothing to change the way your code works. Enumerations allow you to
use meaningful names for values, and allow the compiler to do better
type checking. The downside of an enumeration is that because it is sim-
ply a syntactical replacement for a data value, you can easily fool the
compiler by casting invalid values to the enumerated type.

ﬁ n enumeration is a language type introduced with the C language,

The basic form of an enumeration looks like this:

enum <name> {
valuel[=number],
valueZ,

value3,

valuen

} EnumerationTypeName;
where the <name> field is the enumeration type we are creating, the value
parameters are the individual values defined in the enumeration, and

number is an optional starting point to begin numbering the enumerated
values. For example, take a look at this enumeration:

enum color {
Red = 1.
White = 2.
Blue

} ColorType;

In this example, every time the compiler encounters ColorType::Red in
our application, it understands the value to be 1, White would be 2, and
Blue 3 (because the numbers are consecutive unless you specify
otherwise).



If enumerations actually do not change the logic of
your code, why would you bother with them? The
primary reason for enumerations is to improve the
readability of your code. To illustrate this, here |
show you a simple technique involving enumera-
tions you can use to make your code a little safer to
use, and a lot easier to understand.

7 Enumerations are a great way to have the
B («@ compiler enforce your valid values on the pro-

& grammer. Rather than checking after the fact
to see whether the value is valid, you can let
the compiler check at compile-time to validate
that the input will be within the range you
want. When you specify that a variable is of an
enumerated type, the compiler ensures that
the value is of that type, insisting that it be one
of the values in the enumeration list.

You might notice that enumerations are a simpler

form of the Range validation class we developed in
Technique 11. Enumerations are enforced by the com-
piler, not by your code, and require considerably less
effort to implement than a Range checking class. At the
same time, they are not as robust. Your mileage may
vary, but enumerations are usually used more for read-
ability and maintenance concerns than for validation.

LisTinG 13-1: THE ENUMERATION PROGRAM

Implementing the Enumeration Class 7 ’

Implementing the Fnumeration
Class

An enumeration is normally used when the real-world
object it is modeling has very simple, very discrete
values. The first example that immediately leaps to
mind is a traffic light, which has three possible states:
red, yellow, and green. In the following steps, let’s cre-
ate a simple example using the traffic light metaphor
to illustrate how enumerations work and can be used
in your application.

1. In the code editor of your choice, create a new
file to hold the code for the implementation of
the source file.

In this example, the file is named ch13.cpp,
although you can use whatever you choose.

2. Type the code from Listing 13-1 into your file.

Better yet, copy the code you find on this book’s
companion Web site and change the names of the
constants and variables as you choose.

3. Save the source-code file.

ffinclude <stdio.h>

typedef enum
{
Red = 0,
Yellow,
Green
} TrafficLightColor;

int ChangelLight( int color )
{
switch ( color )
{
case 1: // Red

printf("Changing light to RED. Stop!!\n");

break;
case 2: // Yellow

printf("Changing light to YELLOW. STow down\n");

break;
case 3: // Green

(continued)
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q g

LisTinG 13-1 (continued)

printf("Changing 1ight to GREEN. Go for it\n");

break;
default:
printf("Invalid light state. Crashing\n");
return -1;
}
return 0;

}

int ChangelightEnum( TrafficlLightColor color )

{
switch ( color )
{
case Red: // Red

printf("Changing light to RED. Stop!!\n");

break;
case Yellow: // Yellow

printf("Changing light to YELLOW. Slow down\n");

break;
case Green: // Green

printf("Changing light to GREEN. Go for it\n");

break;
}

return 0;

Testing the Enumeration Class

1. Add the following code to test the enumeration
and validate that it is working properly:

This code could easily be moved to a separate
file. It is placed in one file simply as a conven-
ience. The code illustrates why enumerations are
more type-safe than basic integer types, and why
you might want to use enumerations over the
basic types.

int main(int argc, char **argv)
{

int clr = -1;

ChangelLight( clr );

TrafficlLightColor ¢ = Red;
ChangeLightEnum( ¢ );

return 0;

2. Save the source-code file and close the code
editor.

3. Compile and run the application with your
favorite compiler on your favorite operating
system.

If you have done everything right, you should see
the following output on the shell window:

$ ./a.exe
Invalid Tight state. Crashing
Changing light to RED. Stop!!

Whenever you use an integer value for input to
a function — and that input value is intended
to be mapped directly to a real-world set of
values — use an enumeration rather than a
simple integer. Remember to use meaningful
names for your enumeration values to help the
application programmers understand what val-
ues they are sending to your functions and
methods. This will save you time and effort and
will make your code more self-documenting,
which is always a good thing.
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ming language was the structure. Because it allowed the developer

to group a bunch of related data together, and to pass that data
around to various functions, the C++ struct construct was the beginning
of encapsulation for the language.

O ne of the most interesting constructs created for the C program-

When the C++ language was being designed, the structure was the primary
component — in fact, C++ classes are simply extensions of the structure.
The original C++ “compilers” were really translator programs that took C++
code and rewrote it into C, which was then compiled using the standard
compiler for that language. This required that all physical parts of the
classes be able to be implemented in structures. The C++ struct construct,
in fact, is a class in which all members are public.

Structures still exist in C++. In fact, a structure is really just a class that
makes all of its data members public by default. Contrast that with a
standard class, which has all members designated private by default.
There is really no difference between

struct foo {
int x;
int y;

1s

and

class foo

{

public:
int x;
int y;

1

Here C++ has anadvantage: You can do more with structures in C++ than
you could in C. Structures can contain constructors and accessor meth-
ods. They can even contain methods that do not operate on the data of the
class itself. You can even have structures derived from other structures.
Although the original C++ compilers converted classes into structures, the
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newer compilers differentiate between the two. A int x;
class is still a struct, but the interpretation is differ- int y;
ent. A C++ struct is no longer completely backward- b POINT;

compatible with C. This will be the “standard” structure as it is

implemented in C. Now, let’s try the same thing
in C++, with a little enhancement to take advan-
tage of what the language offers.

What can’t you do with structures? For one thing,
you can’t have virtual methods. Structures do not
contain predefined v-tables, so they cannot contain a

virtual function. Obviously, that means you can’t 3. Append the following structure definition to
override methods in the “base structure” for a your source-code file, using your favorite code
derived structure. It also means that they cannot editor:
have virtual destructors. typedef struct c_plus_plus_structure
{

7 Structures are a great way to use C++ without int x;
- («a drawbacks such as huge overhead from int y;

P classes, overloaded operators, and the like. In

addition, because they are fully backward- c_plus_plus_structure()

compatible with C code, structures provide a {

great interface to existing legacy code. By x = 0;
adding elements like constructors to your y = 0;
structures for initialization, you can get the )

best of the old world and the new. The con- | CPP_POINT:
structor allows you to make sure that all of the - ’
elements of the structure contain valid values
at all times, which was not true of the original
C style structure.

The structure listed in the code above is the same
as the previous one, but it contains a constructor
that will automatically initialize the values within
the structure, an otherwise common oversight
among programmers.

I mp Iementlnq StrHCtures 4. Append the following structure definition to
your source-code file, using your favorite code
In this section, [ explore the way to implement struc- editor:

tures'ln C++, as wel} as wha.t you can — and can’t — typedef struct c_plus_plus_enhanced
do with them. In this technique, we will look at the i
original C style structure, the enhanced C++ structure int x:
with initialization, and a more complete C++ structure int y;
that contains methods.
c_plus_plus_enhanced()
1. In the code editor of your choice, create a new {
file to hold the code for the implementation of X = 0:
the source file. y = 0;
}
void print()
{
2. Type the code below into your file. printf("x = %d\n", x
typedef struct classic_c_structure printf("y = %d\n", vy
{ }
} CPP_POINTE;

In this example, the file is named ch14.cpp,
although you can use whatever you choose.

)
)

’



In this case, we have simply extended our C++
structure to have another method that allows us
to dump the data values of the class.

5. Append a derived structure to the file. Enter
the following code into your code editor.

This code will show you how derivation is han-
dled in C++ for structures:

typedef struct new_struct : public
CPP_POINTE
{
int version;

new_struct() -> 2
{

version = 1;
}

void print()
{
CPP_POINTE::print();
printf("version = %d\n",
version );
}

} NEW_POINT;

6. Save the source-code file.

Interpreting the Output

After you have the actual code for your structure
implemented, you should test it to illustrate how it is
to be used, and to validate that it is working properly.

1. Add the code from Listing 14-1 to your source-
code file, immediately below the structure
definitions.

LisTinG 14-1: THE STRUCTURE TEST HARNESS
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POINT p;
CPP_POINT pl;
CPP_POINTE p2;
NEW_POINT p3;

printf("POINT:\n");
printf("X: %d\n", p.x);
printf("Y: %d\n", p.y);

printf("POINT 1:\n");
printf("X: %d\n", pl.x);
printf("Y: %Zd\n", pl.y);

printf("POINT 2:\n");
print_point(p2);

printf("POINT 3:\n");
print_point(p3);

void print_point( CPP_POINTE& p)
{

p.print();
}

int main(int argc, char **argv)
{

This code simply exercises the various structures
that we have defined in the source file. You will be
able to see what happens when the initialization
process is done and when it is not.

2. Save the source-code file and close the code
editor.

3. Compile and run the program, using your
favorite compiler on your favorite operating
system.

If you have done everything properly, you should
see the following output on your shell window:

$ ./a.exe
POINT:

X: 2289768 -1
Y: 1627507534
POINT 1:

X: 0

Y: 0

POINT 2:

x =0

y =20

POINT 3:

x =20

y =20
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There are a few things to notice here. First of all,
you can see why failing to initialize the data values
of a structure is a bad idea (see the lines indicated
by = 1). The first point, the classic C-style struc-
ture, contains junk code that could easily cause seri-
ous problems in an application.

Always initialize all values in classes or struc-
tures to avoid serious problems later in the
application.
Imagine how much worse it would be if the structure
contained pointers: Pointers that are not initialized
to point at something will either be pointing at an

invalid part of memory, or worse, to a part of mem-
ory that should not be modified.

Notice that when we added a constructor to the
structure, our enhanced version called the construc-
tor (= 2) automatically for the class, as you would
expect. That way the structure elements were initial-
ized without requiring any work from the user.
Naturally, you can have constructors that take argu-
ments as well.

Always implement a constructor for all struc-
tures in your C++ code. If you do not, the
structure elements will contain random data
values.

It’s handy to dump the data values for a structure
quickly and easily without cluttering the program
with printf statements — as the third variant of
the structure illustrates with its print () member
function. Of course, we could have easily written

a function that accepted a structure of the proper
type to print it out (as we did with the second type),
but then it would have to appear everywhere the
structure was used.

With the derived structure (new_struct), there are
some interesting things to notice. First, because we
can’t override the function print within the base class,
the structure doesn’t print out data that is only in the
derived class. This is due to the limitation of no vir-
tual tables in structures. We can, however, pass this
structure to anything that accepts its base class —
just as we could with a normal class. In this way, the
structure “acts” like a class.

Because the base class members are always
public, we can access them from either the
structure method itself, or from the external

program. This is quite different from a class,
where you would have to have accessor meth-
ods to get or set the data.
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ways to use it, yet so few of them are really understood. By using

the constant (or const statement) construct in your code, your
applications can be made safer, more readable, and more efficient. Yet,
programmers are often so overwhelmed by the incredible number of dif-
ferent ways in which they can use constants that they simply avoid the
construct completely, allowing the compiler to pick and choose what can
change and what cannot in the application. A word to the wise: Allowing
the compiler to make choices for you is very rarely a good idea.

Pity the poor, misunderstood C++ constant — there are so very many

simple way to locate all of the definitions of values in your program.
By utilizing constants for your data values, you can make quick, easy,
simultaneous changes across the scope of your application. In addi-
tion, you can enforce what does and does not change in the methods
and functions of your application by using the const keyword.

z Constants provide a way to self-document your code, as well as a
|

In this technique I explore the various possibilities for working with con-
stants in C++ and what they mean to you as an application developer.

Defining Constants

To best understand how constants work and how you can utilize them

in your application, the following steps show you a simple example of
defining various kinds of constants. We will be creating a file that contains
constants for use as whole numbers, floating point numbers, and charac-
ter strings. You will see how a constant can directly replace a #define
value, as well as how the compiler can be used to do type-safe checking of
constant assignments.

1. In the code editor of your choice, create a new file to hold the code
for the implementation of the source file.

In this example, the file is named ch15. cpp, although you can use
whatever you choose.
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2. Type the code from Listing 15-1 into your file.

Better yet, copy the code from the source file on
this book’s companion Web site.

LisTING 15-1: THE CONSTANTS AND THEIR DEFINITIONS

#include <stdio.h>
finclude <stdlib.h>

// This is a constant value that can be used
// in place of a fdefine value

const int MaxValues = 100;

// Unlike the ffdefine, you can use a const
// for typesafe constants

const char *StringName = "Matt Telles";
const double Cost = 100.35;
const long MaxLong = 1000000;

Implementing Constant
Variables

The const statement can also be used to tell the
compiler that something is not permitted to change,
as we will see in this simple technique that relies on
another facet of the const keyword. Follow these
steps to see how it all works:

1. Append the code from Listing 15-2 to your
source-code file.

LisTiNg15-2: A FuncTION WITH AN IMMUTABLE ARGUMENT

You can define constants of pretty much any
shape or size. Constants can be numbers,
strings, characters, or floats. More importantly,
the compiler will check for type safety when you
assign a constant to another value. For example,
you're permitted to assign string values to string
constants, like this:

string myString = StringName;

You are not, however, permitted to assign MaxLong
values to integers, which would look like this:

int iVal = MaxlLong; // The compiler will
complain.

3. Save the source-code file.

Of course (so far), all adding the constants has
really done is give us another way to replace the
jtdefine statement in our application. The real
meat of the C++ constant is giving the compiler
directives in your functions and classes, as |
show you in the next section.

// Functions can take constant arguments,
allowing them
// to guarantee that values don't change.

int func( const int& x )
{
// We can do this
int z = x;
// We cannot do this. Compile Error:
//x = 10; -1

return x;

This function accepts a single argument of type
const int reference. The const modifier indi-
cates to the compiler that the input argument
cannot be modified. If you were to uncomment
the line marked = 1, you would see the compiler
generate an error telling you that you cannot
modify a constant reference.

This example looks at a function that accepts a
single-integer argument, the constant x. We are
informing both the user of the function and the
compiler that this function will never change the
value of that argument, even if it is passed in by
reference. This information is very important to
the compiler; with this knowledge it can optimize
your function so that it does not have to pop the



value back off the stack and insure that the mem-
ory location that it is using will not change. This
is possible because this value can be thrown
away after the function is done; after all, it could
not possibly have changed.

@
e { @
é

Furthermore, because we know that the input is
a constant, we can pass in values that are con-
stant. For example, if the reference was not a
constant, you’d have to write this:

int x 3;
int myVal

Proper use of the const modifier allows the
compiler to generate closer-to-optimal code
and generate better warnings, so you can
write better applications and have fewer errors
to fix in the debugging phase.

func( x );

LisTinG 15-3: CONSTANTS IN CLASSES
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Implementing Constant Variables

because the compiler would never allow you to
write this:

int myVal func(3);

When you define the input argument as a con-
stant, however, the compiler is now aware that
the actual memory location that’s holding your
value (in this case, 3) will not change, and it will
allow you to pass in the integer value without
first assigning it to anything. This arrangement
saves a few CPU cycles and some memory — and
you don’t have to write some silly code that
doesn’t really do anything.

Using your code editor, append the code from
Listing 15-3 to your source-code file.

This technique illustrates how you can use the
const keyword within a class to accomplish the
same things that it does outside of a class listing.

//
const int MaxEntries
class Foo

{

Classes can have constants in them
10;

int entries[ MaxEntries 1;
pubTic:
// You can pass in constant references to argument
Foo()
{
}
Foo( const Foo& aCopy )
{
for ( int i=0;
entries[il]

i<MaxEntries; ++i )
aCopy.entries[i];

}

// You can return constant references from methods
const int * getEntries()

{

return &entries[0];
}
// You can indicate that a method will NOT change
// anything in the object
int getEntry( int index ) const
{
return entries[index];

S

(continued)



80 Technique 15: Understanding Constants

LisTiNG 15-3 (continued)

}

// The two can be combined to say that the return value
// cannot be changed and the object will not change

const int& getAConstEntry( int index ) const

{
return entries[index];
}

3. Save the source-code file and close the code
editor.

As you can see, the const construct is quite versatile.
It can be used to indicate a value that is used to
replace a number in your code. It can be used to indi-
cate a return value that cannot be changed. It can
indicate that a c1ass method accepts an argument
that it doesn’t change, such as the Copy constructor.
Can you imagine writing a Copy constructor that
changed the object it copied? That would be a little
strange to say the least. Imagine writing something
like this:

Foo f1 = f;

Then imagine having the f object change out from
under you — talk about your basic debugging night-
mare. For this reason, it’s customary to use a const
reference, indicating that you won’t change the
object being copied. In the same manner, we can
pass in values to methods and assure the user that
they won’t be copied (as in the func function we
looked at earlier in Listing 15-2).

Of course, if you can take an input value and assure
the user that you will not change it, then the quid
pro quo argument is that you must be able to give
someone back a value and make sure that they don’t
change it. This is called returning a const reference.
For example, if you have an internal variable, you
could create a reference method that gave it back,
but only in a read-only fashion. That is what the
getEntries method does in Listing 15-3. It returns a
const pointer that makes sure that the user doesn’t

change anything in the program that calls the object.

Finally, you can tell the user that the method you are
calling will never change the object. To do so, you
simply append the const keyword at the end of the
method, which allows your method to be called on
const objects. Doing so also allows the compiler to
avoid the overhead of having to make copies of
objects and such. If the object cannot be changed
via the method, there is no reason to worry about
making the memory location static.

Testing the Constant Application

After you create the class, you should create a test
driver that not only ensures that your code is correct,
but also shows people how to use your code.

7. In the code editor of your choice, open the
existing file to hold the code for your test
program.

In this example, [ named the test program
chl5.cpp.

The next step (for wise programmers, and you
know who you are) is to add a simple test driver
to the source file so you can take a look at how
all this plays out.

2. Type the code from Listing 15-4 into your file.

Better yet, copy the code from the source file on
this book’s companion Web site.

LisTinG 15-4: THE TEST DRIVER FOR CONSTS

int main(int argc, char **argv)
{
Foo f;



// Note that to get back the entries, we
MUST define

// our return type as constant

const int *entries = f.getEntries(); = 2

// You can't do this:

// entries[2] = 2;

return 0;

3. Save the source-code file and close the code
editor.

4., Compile the application with your favorite
compiler on your favorite operating system.

Notice that we must use a constant pointer

(= 2) to access the entries in the class, and that
we cannot modify the values in that entry block
passed back. The compiler reinforces both these
conditions at compile-time.

Thus you can see how const works in the C++
world — and how you can use it to enforce your
application’s demands on the end user. (In a good
way, of course.)

Using the const Keyword

Here’s another job for the versatile const keyword:
You can use it as a differentiator to determine which
method to use; the const keyword is a part of the
signature of a method. That means you can have the
two methods shown in Listing 15-5 in your class at
the same time. The const keyword isn’t interpreted
by the user, but rather by the compiler to determine
which method is being called. If the value is modifi-
able, it will call the non-const version. If the value
cannot be modified, it will call the const version.

LisTinGg 15-5: UsiNG consT T0 DiFFeReNTIATE Two METHODS

// You can indicate that a method will
NOT change

// anything in the object

int getEntry( int index ) const

{

- 3

Using the const Keyword 8 ’

return entries[index];
}
// Or not, depending on how you feel.
int getEntry( int index ) -> 4
{
return entries[ index 1;
1

The first of these methods can be used from any
object, constant (= 3) or otherwise (= 4) . The sec-
ond, on the other hand, can only be used from a non-
const object. If you choose to call the second, you
have to accept the risk that the user will directly
modify the data within your class.

Finally, it is worth pointing out that const is some-
thing that can actually be cast away if the user
explicitly chooses to do so. So, even if you create the
getEntries method (as in Listing 15-3) — which
requires you to use a const int pointer to call the
method — the programmer can get around this little
problem by writing code like that in Listing 15-6.

LisTing 15-6: CAsTING AwAy ConsT-NESS

// Now, you can break things this way
int *ent2 = (int *)f.getEntries(); =-=> 5
ent2[2] = 2;

C++ always assumes that the programmer knows
what he or she is doing, even if allowing some things
to be done incorrectly (which violates the spirit of
the language). By doing explicit casting (= 5), you
can “de-const” a pointer (that is, make a const
pointer non-const) and do whatever you want.

The compiler assumes that because you did the
explicit cast, you knew exactly what the end result
would be, and had figured out every possible ramifi-
cation for the program as a whole. Such trust is
touching — but not a good idea. If the pointer was
defined to be constant in the first place, there was
probably a good reason for it. In your own application
development, avoid such a technique at all costs.
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Scope, also called lifetime, is the period of the application during

which a variable exists. Some variables can exist for the entire
length of the program (and unfortunately, as with some memory leaks,
well beyond that length), while others have very short periods — that is,
less scope. The length of an object’s or variable’s lifetime is generally up
to the developer, but sometimes you have to keep close watch on when a
variable goes out of scope in your own applications.

The concept of “scope” is fairly unique to the C and C++ languages.

When implementing classes and objects, scope usually is handled auto-
matically. An object starts to exist when its constructor is invoked, and
ceases to exist when its destructor is invoked. Suppose (for example) an
object of the Foo class is created on the stack with a command like this:

Foo f;

The Foo object will be automatically destroyed when the scope it exists
in is destroyed. Consider the following example, with three different
instances of the Foo class being created on the heap:

Foo global_foo; // - 1
int main()
{

Foo main_foo; // -> 2

for ( int i=0; i<10; ++i )
{

Foo loop_foo; // -3

y /7
yo//
/1

As you can see, three different Foo objects are created at different points
in the application code. The first one, the global_foo object (indicated at
— 1) is created before the application even starts, in the main function.



The second, main_foo (indicated at = 2), is created
at the start of the main function, and the third,
Toop_foo (indicated at = 3), exists in the for loop in
the middle of the main function. The 100p_foo object
is created each time the program cycles through the
for loop — ten times in all.

If we implemented the Foo class to tell us when the
object was created, and on what line each object
was destroyed , we could actually view this informa-
tion visually and be able to understand the flow of
the process.

In the following section, I show you a simple way to
do just that.

Iltustrating Scope

Identifying an object’s starting time and specific
code line on-screen is one way to get an idea of its
scope. Here’s how to make it happen:

1. In the code editor of your choice, create a new
file to hold the code for the implementation of
the source file.

In this example, the file is named ch16.cpp,
although you can use whatever you choose.

2. Type the code from Listing 16-1 into your file.

Better yet, copy the code from the source file on
this book’s companion Web site.

This code creates a very simple class that self-
documents its creation and destruction
processes. We will then use this class to see the

order in which objects are created and destroyed

in a real-world program setting.

LisTING 16-1: ILLUSTRATING SCOPE

Iltustrating Scope 83

public:

Foo( Tong Tevel )

{
printf("Creating foo object %1d\n",
level );
_Level = Tevel;

1

~Foo()

{
printf("Destroying foo object
%1d\n", _Level );

f#include <stdio.h>
#Finclude <stdlib.h>

class Foo
{
private:
long _Level;

3. Append the following code to your source-code

file, using your code editor.

Here we are simply creating a little test driver
that illustrates how the objects are created and
destroyed. You could easily place this code in a
separate file, but for simplicity we will just add it
all to the same file.

This code illustrates the various levels of scope,
global, lTocal, and 1oop, that an object can
occupy within an application.

Foo global_foo(0);
int main()

{
Foo main_foo(1);

for ( int i=0; i<3; ++i )
it

Foo Toop_foo(2);

}

Save the file and close your code editor.

5. Compile and run the application in the operat-

ing system of your choice.
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Interpreting the Qutput

If you have done everything right, you should see the
following output in the shell window on your system:

$ ./a.exe

Creating foo object 0
Creating foo object 1
Creating foo object 2
Destroying foo object 2
Creating foo object 2
Destroying foo object 2
Creating foo object 2
Destroying foo object 2
Destroying foo object
Destroying foo object 0

—_

Note that the order in which the variables are
destroyed is exactly the reverse of the order in
which they were created. This is due to the object’s
positions in the file: The last object created is the
first one destroyed. Paying attention to when objects
are created and destroyed in your program helps
you optimize the use of memory, and also allows you
to control when objects are available. For example, if
an object used to create a file requires a filename,
instantiating the object before the filename is avail-
able doesn’t make sense, even if the open method of
the object is used well after the fact. Now, consider
the following snippet of a program:

int main()
{
Foo *f = new Foo(10);

// Some other code

When will the Foo object be created? Obviously, the
constructor is called on the line with the new func-
tion call. However, it is not at all clear when the
object is destroyed. If you were to run the program,
you would see the following output:

Creating foo object 10

There will be no corresponding printout saying that
the object was destroyed — because the object is
never destroyed. For this reason, you should always
be very careful either to create your objects on the
heap (using the constructor and no new call), or
match your calls to new and delete for the object
(in other words, if you allocate an object with new,
deallocate it with delete). If you do not delete all
objects that you create, you will create memory
leaks in your application, which can lead to program
crashes, computer slowdowns, and a host of other
unpredictable behavior.

An alternative to this approach is the auto_ptr class
of the Standard Template Library. This class holds a
pointer to a given class, but it does so inside an
object allocated on the heap. When the object on the
heap goes out of scope, the object is destroyed. As
part of that destruction, the pointer is deleted. This
is really the best practical use of the scope concept
in C++.
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language that allowed people to create nice, reusable libraries of

code — which they then sold in the marketplace for big bucks.
Later on, this language was replaced by a language called C++, which also
allowed programmers to create reusable code. Learning from the prob-
lems of the past, C++, unlike C, also allowed you to package your code in
classes, which solved one of C’s very difficult problems: resolving func-
tions with name conflicts. Because it is common to have different functions
in different libraries that do similar things, it was inevitable that the names
of those functions would be similar. By restricting those methods to
different class names, it fixed the problem. Of course, that didn’t help
when the class names were the same, but we will discuss that problem in
just a bit.

O nce upon a time, there was a language called C. It was a popular

Here is how the problem worked: Consider, for example, two libraries that
exist in a C-style interface: one performs windowing functions; the other
manages documents. In Library One, we have the following function:

void SetTitle( char *sTitle )

{
// Set the title of the window to sTitle
window->title = sTitle;

1

In Library Two, the document library, we have the following function:

void SetTitle( char *sTitle )

{
// Set the file name for the document
_filename = sTitle;

}

Now, both of these functions have the same name and the same signature,
but they have very different goals and code to implement them.

Here we have two routines that do the same basic thing (setting a title)
with different code — but that isn’t the problem. The problem is that the
linker in C (and also in C++) can’t deal with this situation; it freaks out if
two functions have the same name with the same signature. It could handle
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that if you only wanted one of them, but that obvi-
ously would not work. So, with the advent of classes,
you’d think all this would be fixed, right? Nope. As
with all other things in life, problems don’t really go
away, they just morph into a different form. Of course,
we can fix this problem, it is just a matter of under-
standing where the problem came from in the first
place. The answer, in this case, is to create different
classes to wrap the functions.

Naming classes properly goes a long way

e («a toward saving you time when you're trying to
link in multiple libraries from different sources.

Always preface your classes with a known

prefix (such as the company initials) to avoid

problems.

Fast-forward a bit to the C++ world. Programmers are
still developing libraries, but now these are libraries
of classes, rather than of simple functions. The basic
problem of name conflict has not changed — but

our example libraries (now updated in C++) have
changed. The windowing library now implements
classes to handle the all-new, all-different, model-
view-controller concept. This concept allows you to
work not only with documents but also with views of
those documents.

The concept of a document means the data for
@ a displayed window is encapsulated in a class
that can load the data from a file, save it to a

file, and manipulate it for display purposes.

Meanwhile, over in the document library, we have
document classes that store text, formatting infor-
mation, and preferences for document information.
In the document library, the Document class is
defined like this:

class Document
{
private:
std::string filename;
std::vector< std::string > lines;
public:
Document ()
{
}

Document( const char *_filename)
{
filename = _filename;
1
boolean Read();
Boolean Write();
}s

In the windowing library, however, the Document
class is defined a bit differently:

class Document
{
private:
std::string title;
std::vector< Window *> windows;
public:
Document ()
{
t
Document( const char *_title );
void CreateWindow();
}s

While this is not as simple as the function example,
the problem is exactly the same. When push comes
to shove, the linker is going to need to resolve two
different classes of the same name. This isn’t possi-
ble, so it is going to complain about it. How do you
fix a conflict like this? The answer lies in the concept
of C++ namespaces.

Namespaces were created in C++ to address just this
problem. While you might have a class that is in con-
flict with another class, it would be extremely unlikely
to have an entire library of classes that is in conflict.
With proper naming of a namespace, you can avoid
the entire problem of class name collision.

Creating a Namespace
Application

The basic format of defining a namespace is as
follows:

namespace <name> {
// some classes or definitions
}s



To illustrate how all this works, a quick look at some
real code is in order, followed by a tour of the
options you can use in your own code to fix name
collisions. The following steps show you how:

1. In the code editor of your choice, create a new
file to hold the code for the implementation of
the source file.

In this example, the file is named ch17.cpp,
although you can use whatever you choose.

2. Type the code from Listing 17-1 into your file.

Better yet, copy the code from the source file on
this book’s companion Web site.

LisTinGg 17-1: Using NAMESPACES

Creating a Namespace Application 8 7

doc_id = 0;
title = "";
}
document(int id, const char *t)
{
doc_id = id;
title = t;
}
}s
}; // End of namespace foo_windowing

ffinclude <stdio.h>
finclude <stdlib.h>
#Finclude <string>

using namespace std;

namespace foo_windowing
{
class window
{
private:
int window_id;
string title;
public:
window(void)
{
window_id = 0;
title = "";
}
window(int id, const char *t)
{
window_id = id;
title = t;

1

class document

{

private:
int doc_id;
string title;

public:
document(void)

{

Before we move on to the next step, let’s take a
look at the important features of this code that
you can adapt to your own programs.

First, notice the using namespace statement up
there at the top — normally you must fully qual-
ify the names of all classes within any name-
space you use. The string class for the Standard
Template Library happens to “live” within the
std namespace. When you utilize the using
namespace std statement, you tell the compiler
that you know what you're doing and that it
should try the std:: namespace on anything it
cannot immediately recognize. Of course, if you
use all available namespaces, you avoid the
problem of entering the namespace’s name prefix
on all your class names — but then you also run
into the problem of name collisions again. That’s
why the compiler makes you qualify the name
whenever there’s any doubt.

The next step takes a closer look at the second
namespace we create (in this case, for the docu-
ment classes).

3. Modify your source code in the code editor as
shown in Listing 17-2.

Simply append this code to the end of your cur-
rent source-code listing.

LisTing 17-2: CReaTING A NEw NAMESPACE

namespace bar_documents

{
class document
it
private:
string filename;
(continued)
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LisTiNG 17-2 (continued) document class represents a file on disk.
public: Fortunately, by placing each of the classes in a
document (void) different namespace, we can differentiate
{ between the two classes easily so the compiler
filename = ""; knows what we’re talking about. A real applica-

} tion offers an example in the next section.
document(const char *fn)

{
filename = fn;

} Testing the Namespace
Application

string name()
{
return filename;

} The following list shows you the steps to create a

test driver that validates various kinds of input from
the user, and illustrates how namespaces are

}; // End of namespace bar_documents
P intended to be used.

1. In the code editor of your choice, open the exist-

4. Save the source code in the source-code editor. ing file to hold the code for your test program.

As you can see, we have a definite name conflict
if we use these two class sets together. They
both define a class called document. Worse, the

In this example, [ named the test program
chl7.cpp.

document class in one is very different from

the document class in the other. In the first case,
our document class represents the data being
displayed in a window. In the second case, the

LisTiNG 17-3: UsiNG NAMESPACES IN AN APPLICATION

Type the code from Listing 17-3 into your file.

Better yet, copy the code from the source file on
this book’s companion Web site.

// Let's default to the bar_documents namespace

using namespace bar_documents;

void print_doc( document& d )

{

}

int main(

{

printf("Received file: %s\n",

int argc, char **argv )

document d("filel.txt");
foo_windowing::document d1(1,

// This is okay to do
print_doc( d );

// This would not be okay to do
//print_doc( dl );

d.name().c_str() );

// Create a bar_documents document
"this is a title");




Here we’ve inserted a line to make the bar_docu-
ments namespace global — which means we
don’t have to say bar_documents: :document
everywhere we use the class. In fact (as you can
see in the first line of the main program), we sim-
ply create a document via a standard usage of
the Document class. When we want to use the
foo_windowing namespace classes, however, we
still have to fully qualify them as you can see in
the second line of the main program. Likewise,
we can pass a bar_documents document to the
function print_doc, but we cannot do the same
with a foo_windowing document. If you uncom-
ment the line that calls print_doc with the
foo_windowing document object, you will get the
compile-time error shown in Listing 17-4.

3. Save your source-code file and close the code
editor.

4. Compile the file with your favorite compiler on
your favorite operating system.

LisTinGg 17-4: TRYING T0 USE A DIFFERENT NAMESPACE CLASS

Testing the Namespace Application 8 9

If you have done everything properly, you will see
the following output on your shell window:

$ ./a.exe
Received file: filel.txt

As you can see from the output, the function that we
expected to work with a bar_documents namespace
document object works properly. If we uncom-
mented the line marked with = 1, we would get a
compile error, since that function does not expect to
receive a document object from a different name-
space. This is illustrated in Listing 17-4.

When creating your own reusable classes in
C++, always place them within a namespace
to avoid name collisions with third-party
libraries and other internally developed code.

ch3_5.cpp: In function 'int main(int, char**)"':

ch3_5.cpp:74: error: no matching function for call to 'foo_windowing::document

::document(const char[16])"

ch3_5.cpp:28: error: candidates are: foo_windowing::document::document(const

foo_windowing::document&)
ch3_5.cpp:39: error:

const char¥*)
ch3_5.cpp:34: error:

foo_windowing::document::document(int,

foo_windowing::document::document()
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Fiving Breaks
with Casts

hen you break a bone, the doctor puts it in a cast to make sure
Wthat the bone sets properly and keeps the correct shape. C++

has the same notion of casts — and they’re used for exactly the
same reasons. A cast in C++ explicitly changes a variable or value from

one type to another. In this way, we “fix” things by making them the
proper type for what we need those values for.

The need for casts comes from the picky nature of the C++ compiler. If you
tell it that you're expecting a given function to take an integer value, it will
complain if it is given anything but an integer value. It might complain (for
example) by warning you that there’s a lack of precision, like this:

int func(int x);

long x=100;
func(x);

Here the compiler gripes about this function-call invocation, saying that
converting a long integer to a regular one is legal, but you're risking a
possible loss of precision. The compiler is right, too. Imagine, for exam-
ple, that the value of x is 50,000 instead of 100. That number is too big to
be stored in a normal integer, so it overflows and the function gets
passed a negative number to chew on. Don’t believe it? Try the following
little programlet:

#include <stdio.h>

int func(short int x)
{

printf("x = %d\n", x );
i

int main(int argc, char **argv)

long x = 10;
func(x);

x = 50000;
func(x);
return 0;



Here, because the gcc compiler assumes that int and
a long integers are the same thing, we have to use a
short int in the function itself for gcc to illustrate
the problem.

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

$ ./a.exe
x =10
-15536

>
Il

Not exactly what we asked for, is it?

If you know that the value of x is never going to
exceed the maximum value of an integer, you can
safely call the function even with a 1ong integer, as
long as you cast it properly:

func( (short int)x );

The reason that you might want to do something like
this is that you don’t want to create a new variable,
assign the value to it, and then check to make sure
that it did not overflow the range of that new variable
type. The cast does all of this for you.

Of course, encasing the integer in a cast is consider-
ably more powerful than simply making an integer
into a Tong or a double or anything else. Casting one
type to another turns the original variable into a new
one, albeit behind the scenes. This is true whether
we are casting a variable in the example above, or
modifying a variable by casting it to another type.

If you eliminate all compiler warnings in an
application, you can track down problems
much more quickly and easily — you're letting
the compiler do your work for you. Most
compiler warnings, including those requiring
casts, need to be addressed immediately, not
just ignored. This will save you time in the
long run.

In the next section, [ show you a more involved
example of a cast.

Using Casts 9 ’

Using Casts

Suppose that you have two base classes, Basel and
Base?. From these two classes, we derive a third
class, called Derived. How can you get at functions
in the base classes that have the same name in both
bases? The answer lies in a cast, as we will see in
this example technique. It might seem that we are
back to the discussion of name differentiation and
namespaces, but this is not the case here. Consider
the following layout:

Class 1: Method A
Class 2: Method A
Class 3: Derived from Class 1 and 2.

When we are using Class 3, and refer to Method A,
which method do we really mean?

1. In the code editor of your choice, create a new
file to hold the code for the implementation of
the source file.

In this example, the file is named ch18.cpp,
although you can use whatever you choose.

2. Type the code from Listing 18-1 into your file.

Better yet, copy the code from the source file on
this book’s companion Web site.

LisTing 18-1: UsinG CasTS

#include <stdio.h>
#Finclude <string>

using namespace std;

class Basel
{

private:
string _name;
long _value;
public:
Basel()

it
_name = "";

}

(continued)
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LisTiNG 18-1 (continued)

Basel( const char *n, long v)
{
_name = n;
_value = v;
}
virtual ~Basel()
{
}

string GetName()
{ return _name;
{ong GetValue()
{ return _value;
ioid SetName( const char *sName )
{ _name = sName;
ioid SetValue( long 1)
{ _value = 1;
}
}s

class Base?
{
private:
string _fileName;
long _filelength;
public:
BaseZ()
{
_fileName =
_filelLength = 0;

nu,
s

}
BaseZ( const char *n )
{

_fileName

- n;
_filelength =

0;
}
string GetName()
{
return _fileName;
}
long GetlLength()
{
return _filelength;
1

void SetName( const char *sName )
{ _fileName = sName;

ioid SetFilelLength( Tong 1 )

{ _filelength = 1;

}

3. Save the source-code file.

The code in this listing simply defines two
classes that happen to share a common method
name or two. This is not a problem, of course,
because they are defined in different scopes —
which means they can be reconciled by the com-
piler and linker into different entries in the appli-
cation. In other words, there’s no problem. Now,
let’s create one.

4. Reopen the source-code file with your code edi-
tor and add the code from Listing 18-2 to the file.

LisTiING 18-2: THE Derivep CLASS

class Derived :public Basel, public Base?
{
public:
Derived( void )
: Basel( "AClass", 10 ),
Base2( "Derived" )
{
}
Derived( const char *name)
: Basel( name, 0 ),
BaseZ( "Derived" )
{
}
void ADerivedMethod()
{
printf("In a derived method\n");
}
b

5. Save the source-code file.

This code illustrates a derived class that is built
from two base classes. In this case, both of the
base classes contain a method of the same name.



We need to find a way to get at the specific
method in the base class that we want, which
can only be done via casts. Let’s look at that now.

If you were to compile and link this program, it
would be fine — aside from missing its main
function. The compiler would not complain
about the Base classes, nor the derived class.
There is no problem with deriving a class from
two base classes that happen to share a common
method name.

The problem comes in when we try to use a
method from the base classes through the
derived class.

6. Append the code from Listing 18-3 to the file to
implement a test driver for the code.

LisTinGg 18-3: THE DeriveD Crass TeST DRIVER

int main()
{
Derived d;

d.SetFilelLength(100);
d.SetName( "This is a name" );
string s = d.GetName();

return 0;

7. Save the source-code file and close the code
editor.

8. Compile the program using your favorite
source-code compiler on your favorite operat-
ing system.

You should see output from the compiler resembling
that of Listing 18-4:

Listing 18-4: SampLE QuTPUT

$ gcc ch3_8.cpp -Tstdc++

ch3_8.cpp: In function "int main()"':

ch3_8.cpp:102: error: request for member
'SetName' is ambiguous

ch3_8.cpp:68: error: candidates are: void
Base2::SetName(const char*)
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ch3_8.cpp:34: error: void
Basel::SetName(const char*)
ch3_8.cpp:103: error: request for member
'GetName' is ambiguous
ch3_8.cpp:60: error: candidates are:
std::string Base?2::GetName()
ch3_8.cpp:26: error:
std::string Basel::GetName()

Addressing the Compiler
Problems

Now we have an error — so (of course) the question
is, how do you get at the Base-class methods when
they conflict? Actually you have two ways to do this:
Explicitly scope the member function that you want
to use, or specifically cast the object so it has the
type you want it to be. In this section, I show you
how to perform both methods and discuss the con-
sequences of each .

1. Reopen the source-code file from the example
(we called it ch18.cpp) and append the code
from Listing 18-5.

Listing 18-5: THE MobiFiep TesT DrivER CoDE

int main()
{

Derived d;

d.SetFilelLength(100);

/* 1 */ ((Basel)d).SetName( "This is a
name" );

/* 2 */ string s = d.Basel::GetName();
return 0;

The two alternatives are labeled with comments,
between the asterisks, as blocks 1 and 2. The line
labeled 1 is the explicit cast; the line labeled 2

is the scoped method call. You can probably see

that the second method is somewhat more read-
able, but both will work just fine. The difference
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between them, really, is how the lines are inter-
preted by the compiler. When you cast an object,
you are, as far as the compiler is concerned,
literally changing its type. When you call the
SetName method with the cast of the object,

the SetName method is being called with a Basel
object, rather than a Derived object. What does
this mean?

Modifying the classes a bit provides a handy
illustration, starting with the next step.

2. Replace the original definitions of Basel and
Base2 with the following code, shown in Listing
18-6.

LisTiNG 18-6: THE New BASE CLaAsS LISTINGS

class Basel
{

private:
string _name;
long _value;

virtual void PrintNameChange()
{
printf("Changed name to %s\n",
_name.c_str() );
1
public:
Basel()
{
_name = "";
}
Basel( const char *n, long v)
{
_name = n;
_value = v;
1
virtual ~Basel()
{
1

string GetName()

{ return _name;

iong GetValue()

{ return _value;

ioid SetName( const char *sName )

{

_name = sName;
PrintNameChange();
}
void SetValue( long 1 )
{
_value = 1;
}
1
class Derived :public Basel, public Base?
{
virtual void PrintNameChange()
{
printf("Derived: PrintNameChange
called\n");
}

public:
Derived( void )
: Basel( "AClass", 10 ),
Base2( "Derived" )
{
}
Derived( const char *name)
: Basel( name, 0 ),
Base2( "Derived" )
{
}
void ADerivedMethod()
{
printf("In a derived method\n");
}

Testing the Changes

After you've made all the changes in the Base classes
for the objects you're using, the wise next step is to
test those changes to make sure the compiler is
happy and the code works properly. Here’s the drill:

1. In the code editor of your choice, reopen the
existing file to hold the code for your test
program.

In this example, [ named the test program
chl8.cpp.

2. Type the following code into your file as shown
in Listing 18-7.



Better yet, copy the code from the source file on
this book’s companion Web site.

LisTiNG 18-7: THE New TEeST DRIVER

int main()
{
Derived d;

d.SetFilelLength(100);
((Basel)d).SetName( "This is a name" ); =1

string s = d.Basel::GetName();
d.Basel::SetName("This is another name");
return 0;

3. Save the source file in the code editor and
close the editor application.

4. Compile and link the application on your
favorite operating system, using your compiler
of choice.

If you have done everything right, you should see
the following output appear on your shell window.

$ ./a.exe
Changed name to This is a name
Derived: PrintNameChange called -> 2

If you trace through the code, you will see what is
going on here:
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In the first case, where we physically cast the d
object (shown at = 1) to a Basel object, the object
does not “know” that it is really a Derived object
when the virtual method PrintNameChange is called.
As a result, the Base class method is used for the
cast case (shown at = 2).

For the second case, where we scoped the method,
however, the object is well aware of what it is, and
will call the inherited virtual method in the Derived
class. This is a very important difference, and can
lead to some very subtle logic errors in your pro-
gram that are very hard to track down and fix. Casts
are a very powerful technique in C++, but they are
also a serious warning that you are doing something
you are not supposed to be doing. If your actions
were acceptable in the language, you would not have
to explicitly tell the compiler that you are changing
the behavior of the code through a cast. This is not a
bad thing, but you need to be aware that you are
changing behavior. Be sure to understand the side
effects of your actions and the possibilities of intro-
ducing more problems than you are solving when
you use a cast.

Whenever possible, avoid putting casts in your
application. If this is not completely possible,
understand fully the warnings that your com-
piler issues for casts you've made.
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integral part of the C++ language. If you use them, your code will be

easier to understand and expand, and maintenance will be much
quicker. In addition, new functionality can be added without having to
modify the existing functions in the class. Pointers to member functions
help replace complicated switch statements, lookup tables, and a variety
of other complicated constructs with a simple, easy-to-implement solution.

Pointers to member functions are incredibly powerful — and an

However, because they are confusing to implement and syntactically
complicated, almost nobody is willing to use the poor things. Nonetheless,
the pointer to a member function is a really useful tool in your arsenal of
techniques for solving problems with the C++ programming language.
The issue, really, is understanding how they work and how to make the
compiler understand what you want to do with them.

The first thing to understand is, what exactly is a pointer to a member
function? In the good old days of C programming, we had plain old function
pointers. A function pointer was a pointer to a global function, whereas a
pointer to a member function works only with a class member function;
they are otherwise the same thing. Essentially, function pointers allowed
you to do this:

typedef int (*error_handler)(char *);

This statement defined a pointer to a function that accepted a single
argument of the character pointer type, and returned an integer value.
You could then assign a function to this pointer, like this:

int my_error_handler(char *s)
{

printf("Error: %s\n", s );
return 0;

}

error_handler TheErrorHandler = my_error_handler;

In a library (for example), this is a very useful way to handle errors. You
allow each user to set his or her own error handler, rather than simply
printing them out, or popping up an error dialog box, or logging the



pesky things to a file. This way the end users of the
library could trap errors and deal with them — by
changing the description, printing out additional
debugging information, or whatever else worked
for them.

Within your library code, you would then invoke the
error handler by writing:

(*TheErrorHandler) (theErrorString);

obviously checking to see if the TheErrorHandler
was actually assigned to anything first, or was
instead NULL.

That was how function pointers were used in C.
When C++ arrived, this same kind of functionality
was very useful for a variety of tasks and continued
to work fine with global functions. However, there
was no simple way to implement this functionality
since a member function required an object to oper-
ate on it, so you couldn’t just assign it to a random
pointer. You can store a member function pointer
anywhere. When it comes to using it, however, you
need an object of the class of that member to use it.
For example:

class Foo
{
// A member function
void bar(int x );
// This defines a type
typedef void (*ptr_to_member_function)
(int x) ;

pubTic:
ptr_to_member_function pl;
Foo ()
{
// Assign the member function pointer
pl = bar;

}

// Later in the code....

Foo::pl(0); // This won't work, since the
member function requires a
pointer.

Foo x;
x.pl(0); // This will work.

Implementing Member-Function Pointers 9 7

With the advent of member-function pointers, you
could assign a member function to a random pointer,
if you didn’t mind a bit of strange syntax. You can
define these pointers as

typedef <return-type> (<classname>::*
PtrMemberFunc)( <args>) ;

Implementing Member-Function
Pointers

Let’s take a look at a technique for using member-
function pointers to implement a simple command
processor.

1. In the code editor of your choice, create a new
file to hold the source code for this technique.

In this example, | named the test program
ch19.cpp.

2. Type the code from Listing 19-1 into your file.

Or better yet, copy the code from the source file
on this book’s companion Web site.

Listing 19-1: PoinTERS TO MEMBER FUNCTIONS

ffinclude <stdio.h>
fHinclude <string>
f#include <vector>

class Processor
{
typedef bool
(Processor::*PtrMemberFunc)( std::string
) s -1
private:
std::vector< PtrMemberFunc >
_functionlist;
protected:
virtual bool ProcessHello(std::string s)
i
if (s == "Hello" )
{
printf("Well, hello to you
too!\n");
return true;
(continued)
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LisTiNG 19-1 (continued)

}

}
return false;

virtual bool ProcessGoodbye( std::
string s)

{

}

if (s == "Goodbye" )

{
printf("Goodbye. Have a great
day!\n");
return true;

1

return false;

virtual bool ProcessOpen( std::string s)

{

public:

if (s == "Open" )

{
printf("The door is now open\n");
return true;

1

return false;

Processor()

{

_functionList.insert(
_functionlList.end(),

&Processor::ProcessHello );

_functionList.insert(
_functionlList.end(),

&Processor::ProcessGoodbye );

_functionList.insert(
_functionlList.end(),

&Processor::ProcessOpen );

}

virtual ~Processor()

{
}

void ProcessCommand( const std::string&
command )

{

std::vector< PtrMemberFunc >::itera-
tor iter;

for ( iter = _functionlList.begin();
iter 1=

_functionList.end(); ++iter )

Technique 19: Using Pointers to Member Functions

PtrMemberFunc ptr = (*iter);
if ( (this->*ptr)( command ) )
return;
}
printf("Unknown command %s\n",
command.c_str() );

3. Save your source code in the editor.

Notice that after you've defined a member-function
pointer (see = 1), you can use it the same way you’d
use a “normal” pointer. In this particular case, we
build up an array of pointers and simply chain
through them to see whether a given string is
processed. Code like this could be easily used for
equation parsers, command processors, or anything
else that requires a list of items to be validated and
parsed. Listing 19-1 is certainly a lot cleaner and eas-
ier to extend than code like the following:

switch ( command )
{
case "Hello":
// Do something

break;
// .. other cases
default:

printf("Invalid command: %s\n",
command.c_str() );
break

Note that in this case, we need to add a new switch
case each time we want to handle a new command.
With our array of function pointers, after it is defined
and added to the code, the member function does all
the work.



Updating Your Code with
Member-Function Pointers

Not only is Listing 19-1 cleaner and easier to extend,
it is also vastly easier to expand, because you can
override whatever functionality you want at the
member-function level.

The distinction is worth a closer look, to show you
just how useful this technique can be in your appli-
cation. Imagine that you’ve implemented this
Processor object and are merrily using it to process
input from the user. Now, suddenly, someone else
wants to use the same class — but they want to
implement a completely different use for the Open
command. All the other commands work the same
way. Wouldn't it be nice to utilize the same class to
do the work — and only override the function that
you wanted to change? It turns out that you can.
Remember, a pointer to a member function is simply
a pointer to whatever will be called when that partic-
ular method is invoked on the object. If we override
a virtual method in a derived class, it should auto-
matically call that method when we use our new
processor. The following steps try that:

1. Append the code from Listing 19-2 to your
source-code file.

LisTiNG 19-2: THE CommAND PROCESSOR CLASS

class Processor?

{

protected:
virtual bool ProcessOpen( std::string s)
{

: public Processor

if (s == "Open" )

{
printf("Derived processing of
Open\n");
return true;

t

return false;

public:
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Testing the Member Pointer Code

Processor2()
{
}

2. Save your source code in the editor and close
the code-editor application.

Testing the Member Pointer Code

After you create a pointer to a member for a class,
you should create a test driver that not only ensures
that your code is correct, but also shows people
how to use your code.

Here’s the classic follow-up — creating a test driver
that shows how the class is intended to be used:

1. In the code editor of your choice, open the exist-
ing file to hold the code for your test program.

In this example, | named the test program
ch19.cpp.

2. Type the code from Listing 19-3 into your file.

Better yet, copy the code from the source file on
this book’s companion Web site.

LisTing 19-3: THE TEST DRIVER FOR THE COMMAND PROCESSOR

int main(int argc, char **argv )

{

Processor?2 p;

for ( int i=1; i<argc; ++i )
p.ProcessCommand( argv[il );

3. Close your source-code file in the editor and
close the editor application.
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4.

Compile the source code with your favorite
compiler on your favorite operating system,
and then run it with the following command:

./a.exe Open Goodbye

If you have done everything right, you should
see the following output when you run the pro-
gram with these arguments.

Technique 19: Using Pointers to Member Functions

Derived processing of Open
Goodbye. Have a great day

As you can see, not only have we created a com-
mand handler to process the open command, but we
have also allowed for standard C++ derivation. In
addition, we could easily add additional handlers
that process the same command, something that we
could not do with the switch statement.
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Defining Default
Arguments for Vour

Functions and
Methods

n C++, a failure to call functions or methods properly is a common
Iproblem. One solution is to verify all input values when the end user

sends them in — but this has the unhappy side effect of creating more
errors for the end developer to fix. The problem is that it is harder to
screen out bad values than it is to accept only good ones. For an integer
value that is supposed to be between 1 and 10, for example, there are ten
valid values. However, there are an infinite number of bad integer values
that exist outside the range of 1 to 10. Wouldn't it be nice if you could tell
the developer what the most likely value is for some of the less-common
function arguments? The programmer could then ignore the problematic
values by using acceptable defaults. For example, consider the
MessageBox function, a standard function used by many Microsoft
Windows programmers. This function, which has the following signature,
displays a message for the application user to see and respond to.

int MessageBox(
HWND hWnd,
LPCTSTR 1pText,
LPCTSTR TpCaption,
UINT uType

)

The MessageBox arguments are as follows:

v hWnd: A handle to a Windows window
IpText: The text to display in the message box
IpCaption: The caption to put in the title bar of the message box

X Y\

uType: The types of buttons (OK, Cancel, Abort, Retry, and so on) to
display in the message box.

This is a very handy function and is used nearly universally by Windows
programmers to display errors, warnings, and messages. The problem

is that it’s too easy to forget the order of the arguments. In addition, pro-
grammers tend to use the thing over and over in the same ways. This
means that the same code is repeated over and over, and changes must
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be made all over the system when a new way of
doing things is desired. It would be nice, therefore, to
be able to customize this MessageBox function with
some defaults, so we could just call it the way we
want to. We would have to specify only the values
that change, which limits the number of arguments to
enter, making it easier to remember the order and
easier to avoid error values.

Customizing a function can mean one of two things: If
we are the ones writing the function, it means that we
can customize the kind of arguments that go into the
function and how those arguments are likely to be
used. If we didn’t write the function in the first place,
we can’t do those things; we can only “change” the
way the function is called by wrapping something
about it — that is, placing it inside a new function we
created ourselves — one that plays by our rules.
We'll look at the first case in a bit; for right now, con-
sider the case of wrapping something around our
poor MessageBox function to make it easier for the
application developer to use.

Customizing the Functions
We Didn’t Write

One probable use of the MessageBox function is to
display error messages. Because the end user can do
nothing with such an error, there is no reason to
display the Cancel button on the message box — even
though most applications do just that. In this section,
[ show you how to create your own variation on

the MessageBox function — the ErrorBox function —
which is different from MessageBox only in that it puts
the word “Error” at the top of the display title bar and
it displays only an OK button with the text. There’s no
real reason to create any new functionality for this
function, because, after all, the MessageBox function
already does everything we want it to do. Our func-
tion would look like Listing 20-1.

Technique 20: Defining Default Arguments for Your Functions and Methods

LisTing 20-1: A Customizeo MEessaGeBox FuncTion

int ErrorBox( HWND hWnd, const char *text,
const char *title = "Error", UINT type =
MB_0K )

MessageBox(hWnd, text, title, type );

Okay, we aren’t adding much value here, but consider
how the function is now called within an application
code:

// Display an error
ErrorBox( NULL, "You have to first enter a
file name!");

This is certainly a lot easier than the full-blown
MessageBox call. The advantage, of course, is that
you don’t have to use the shortened version — you
can still use the entire thing, like this:

ErrorBox(m_hWnd, "The system is very low
on memory! Retry or Cancel?" "Critical
Error", MB_RETRY | MB_CANCEL );

The shortened version is certainly more readable
and consistent, and it saves you time because it
offers fewer parameters to update. What if, for exam-
ple, management decides that the phrasing of your
error is too harsh and wants to replace it with A
problem has occurred? If you're using the long ver-
sion of this function, the way to solve this problem is
to find all calls to the function in your code. With our
wrapper function, however, we could eliminate the
error in the call itself, and place it into the wrapper
function. All errors, for example, could begin with
“An error has occurred” and then append the actual
error text. Of course, to make things even easier, you
could go a step further and allow the function to
read data strings from an external file — that capa-
bility would allow for internationalization as well.



Customizing Functions
We Wrote Ourselves

Of course, simply customizing other people’s code
isn’t always the best approach when adding default
arguments. Default arguments are arguments that the
function developer provides. If you do not want to
specify a value other than the default, you omit the
argument entirely. If you wish to change the default
for a specific invocation, you may do so. The real
point to the practice is to provide the most likely uses
of a given argument, while protecting the capability of
the user to change (or customize) your defaults.

This technique creates, in a single class, both the
functions and methods that allow the user complete
control over his or her input — while providing

Customizing Functions We Wrote Ourselves
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appropriate defaults that make it simple to use the
class’s methods and functions to accomplish normal
operations.

An example is an operation that most programmers do
on a regular basis: creating a file. The following steps
show you how to create a very simple File class that
allows opening, reading, writing, and closing files:

1. In the code editor of your choice, create a new
file to hold the code for the implementation of
the source file.

In this example, the file is named ch20.cpp,
although you can use whatever you choose.

2. Type the code from Listing 20-2 into your file.

Better yet, copy the code from the source file on
this book’s companion Web site.

LisTing 20-2: A Crass witH METHODS CONTAINING DEerFauLT VALUES

ffinclude <stdio.h>
#finclude <string>

class FileHandler
i

private:
std::string m_fileName;
FILE *m_fp;

static const char *fileName()
{

return "log.txt";
1

public:
FileHandler( const char *fn = NULL )
{
if ( fn )
m_fileName = fn;
else

m_fileName = fileName();

(continued)
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LisTiNG 20-2 (continued)

Technique 20: Defining Default Arguments for Your Functions and Methods

int open( const char *name = fileName(),

{
m_fileName = name;
return open(mode);

}

int open( const std::string& mode )

{

const char *mode = "rw" ) -1

m_fp = fopen( m_fileName.c_str(), mode.c_str() );

if ( m_fp == NULL )
return -1;
return 0;

3. Save your file.

In the constructor, we set the default filename as a
NULL pointer. If the user overrides the filename, we
use the name they ask for. Otherwise we simply use
the internal name returned by the fileName method
in our class.

For the first open method (= 1), we also allow users
to override the filename — but this time we directly
initialize the filename from the internal method
(fileName()). This default value allows the user to

call the first open function with no arguments, if they

choose.

Working with regular (non-static) methods

Note that this way of calling a method as a default value
works only if the method in question is static. You can’t do
this with a regular method, because regular methods require
an object — and this way of calling puts you outside the
scope of the object you're using.

For example, we can’t do something like the following:

virtual const char *filename()
{
return "log.txt";

}

and then use it this way:

int open( const char *name = fileName(),
const char *mode)

The compiler will get annoyed, because the fileName
method requires a this pointer to operate on. The level at
which we're working has no this pointer. Worse, you can’t
write a command like this one:

int open( const char *name = this->
filename, const char *mode )

The reason you can't is simple: The this pointer makes no
sense in this case. You aren't inside an object, so you can’t
tell the outside world to refer to the object you are in. It's an
annoyance, but it's one of those things you just get used to.
If you find this too much trouble, use the same technique
the constructor uses to call the method.

Finally, we have the second open method that can
open the file — specifying only the mode we wish.
Notice that we can’t default this method. Why? If the
method had a default argument, there would be no
way to tell whether the user meant to call the first or
second version of the open method. To illustrate,
consider the following series of calls in an applica-
tion program:

FileHandler fh; // Invokes the constructor
fh.open();



Now, if we had given the second variant (= 2) of the
open method a default argument, which version of
the open method would be called ? It could be

fh.open(name, mode);

or it could be

fh.open(mode);

The compiler has no way of knowing which method
the developer originally intended, so it doesn’t allow
the use of this technique at compile-time.

Of course, we need to add a method to write to the
file. There’s no way to rationally default the values
we want to write out — that’s entirely up to the end
user of the class — so we won't lift a finger to do so.
For a write statement, how could you have any idea
what data the end user wanted to write? You couldn'’t,
nor is there any sort of pattern to it.

In your code editor, insert the code shown in Listing
20-3 to your program’s source code. (It goes before
the closing brace of the class’s public part.)

LisTiNG 20-3: THE FiLE WRITE METHOD

bool write( const char *string )
{
bool bRet = false;
if ( m_fp )
{
fputs( string, m_fp );
bRet = true;
1
return bRet;

Testing the Default Code

It’s a good idea to test the class with both default
and non-default values, just to see whether your
assumptions are valid.
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Testing the Default Code

The following steps show you how to create a test
driver that will show how the class is intended to
be used:

1. In the code editor of your choice, open the
existing file to hold the code for your test
program.

In this example, [ named the test program
ch20.cpp.

2. Type the code from Listing 20-4 into your file.

Better yet, copy the code from the source file on
this book’s companion Web site.

LisTiNG 20-4: THE TesT DRiveR FoR THE FILEHANDLER CLASS

int main(int argc, char **argv)
{

FileHandler fh; ->3
if ( fh.open() == -1 )
printf("Unable to open file. Errno
%d\n", errno);

fh.write("This is a test");

FileHandler fh2("log2.txt"); -4
fh.open("w");
fh.write("This is another test");

3. Save the source code and close the source-code
editor.

4., Compile the code using your favorite compiler
on your favorite operating system.

If you have done everything right, the program
should create the 10g.txt and 10g2. txt files.
These files should be created at = 3 and = 4 in
the driver code. The files will contain our output
for the FileHandler objects. However, you will
quickly find that it did not, in fact, create any
files. Depending on your operating system and
compiler, you may even get a program crash. So
what went wrong?
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Fixing the Problem

If you put some debugging statements in the open
method with two arguments, you can find the prob-
lem very quickly: The open method is called recur-
sively, until the stack is exhausted and the program
crashes. Why? Because of the nature of our default
arguments, the open function with default arguments
calls open again within itself after having assigned
the arguments. The best match for the open call in
our open method happens to be the method itself!
This causes an endlessly recursive loop. So, of
course, bad things happen when you call yourself
repeatedly in a method. Let’s fix that by modifying
the open method as in Listing 20-5 (replace the exist-
ing method with the new listing code):

Technique 20: Defining Default Arguments for Your Functions and Methods

LisTing 20-5: THE MobiFiep oPEN METHOD

int open( const char *name =
fileName(),const char *mode = "rw+")
{
m_fileName = name;
std::string s = mode;
return open(s);

Now, if you compile and run the program, you’ll find
that it runs properly and generates the two files as
expected.
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hen you are trying to use or reuse a class in C++, there is nothing
unite so frustrating as finding that the method that you need is

not implemented in that class, or that the method does not work
properly when you try to use it in the environment you are using. The rea-
son for this is usually that the programmer who developed the class did

not create a Complete class — but what, exactly, does it mean to create
one? That’s a good question, and this technique will try to answer it.

To do its job, a Complete class must follow a list of specific rules. These
rules, in their correct order, are as follows:

-

The class must implement a void constructor.

N

The class must implement a copy constructor.

w

The class must implement a virtual destructor.

)

The class must implement a get method for each data element defined
in the class.

“

The class must implement a set method for each data element defined
in the class.

o

The class must implement a c1one method so it can make a copy of
itself.

7. The class must implement an assignment operator.

If you create a class that follows all these rules, you have likely created a
Complete class, one that will be reused by programmers over and over
again. This will save you time and effort in not having to reinvent the
wheel each time that type of code needs to be used in a project.

Please note that having a set method for a class implies strongly that
the set method will check for invalid values. Also, if you have pointers

in your class, you should make sure that you initialize them to NULL,

copy them properly, and destroy them when they are done. A set

method for a pointer ought to take into account that it is acceptable
to set the pointer to NULL and not have any memory leaks.
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Technique 21: Creating a Complete Class

Creating a Complete Class
Template

The following steps show you an example of a

Complete class that you can use as a template for all 1.
the classes you implement in the future.

7 If you create a template for creating objects and
(8 («a a process for implementing that template for

) new classes, you avoid many of the problems 2

that haunt C++ programmers. Because the pur-
pose of these techniques is to not only improve
your coding skills, but also to insure that you
create better software, this is a very valuable

LisTiNG 21-1: THE ComPLETE CLASS

technique that you should insist all developers
on your team use in all of their application code.
There are no dasses that are “too trivial” to ben-
efit from these enhancements.

In the code editor of your choice, open the
existing file to hold the code for your test
program.

In this example, [ named the test program
ch2l.cpp.

Type the code from Listing 21-1 into your file.

Better yet, copy the code from the source file on
this book’s companion Web site.

#include <stdio.h>
#Finclude <string>
#include <string.h>

class Complete

{

private:

bool dirty; // Keep track of the object state.
private:

int x;

double y;

std::string s;

char *p;

// Create an initialization function that
// can reset all values.
void Init()
{
x = 0;
y =0;
S = ;
if (p)
delete p;
p = NULL;
dirty = false;

}

// Create a copy function that you can use to make

// clones of an object.
void Copy( const Complete& aCopy )
{

Init();



}
public:

‘-
M
s -
if

o -
if
(

}
dirt

aCopy.x;
aCopy.y;
aCopy.s;

p )
delete p;
NULL;

aCopy.p )

p = new char[ strlen(aCopy.p) 1;
strcpy( p, aCopy.p )

y = true;

// Always create a default constructor.
Complete()

{

}

/1MW
p =
// N
Init

e need to set the pointer first.
NULL;

ow initialize.

()

// Always create a copy constructor.
Complete( const Complete& aCopy )

{

}

/W
D =
/1N
Copy

e need to set the pointer first.
NULL;

ow copy the object.

( aCopy );

Creating a Complete Class Template

// Always create a full constructor with all accessible
// members defined.

Complete( int _x,

{

}

}
else

dirt

p = new char[ strlen(_p) 1;
strcpy ( p, _p );

NULL;
true;

p
Y

// Always create a virtual destructor.
virtual ~Complete()

{

if (

p )
delete p;

double _y, std::string& _s,

const char *_p )
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(continued)
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LisTiNG 21-1 (continued)

// Next, define accessors for all data that can be public. If
// it's not intended to be public, make it a private accessor.
// First, define all the set methods. The "dirty" flag is not
// necessary for completeness, but it makes 1ife a LOT easier.

void setX(const int& _x)
{
if ( x !I=_x)
dirty = true;

void setY(const double& _y)
{

if (yl=_y)
dirty = true;
y = Y

}

// Note that for strings, we always use the easiest base type.
void setS(const char *_s)

{

if (s l=_s)
dirty = true;
s = s

void setP( const char *_p)
{
if (pl=_p)
dirty = true;

// Always clear out a pointer before setting it.
if (p)
{

delete p;

p = NULL;

p = new char [ strlen(_p) 1;
strepy(C p, _p );
}
else
p = NULL;
}

// Now the data get functions. Note that since they cannot modify
// the object, they are all marked as const.



int getX(void) const

{ return x;

éoub]e getY(void) const

{ return y;

itd::string getS(void) const
{ return s;

}
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Testing the Complete Class

// Note: For internal pointers, always return a CONST pointer.

const char * getP(void) const
{

return p;
1

// Implement a clone operator.
Complete Clone(void)
{

Complete c;

c.Copy( *this );

return c;

}

// Implement an assignment operator.

Complete operator=( const Complete& aCopy )

{
Copy( aCopy );
return *this;

3. Save the source file.

) When you are creating your own classes, you
should seriously consider using Listing 21-1 as
& a template. If all classes implemented all their
functionality in this manner, they would easily

rid the programming world of 10 to 20 percent
of all bugs.

Testing the Complete Class

Just writing the class is not enough. You also need to
test it. Test cases provide two different uses for

developers. First, they provide a way to make sure
that you didn’t make the code work improperly
when you made the change. Secondly, and more
importantly, they act as a tutorial for the user of
your class. By running your test driver and looking
at the order in which you do things, the programmer
can discover how to use the code in his or her own
program as well as what values are expected and
which are error values. It is almost, but not quite,
self-documenting code.

How do you go about writing tests for your classes?
Well, first you test all the “normal” conditions. One

quick way to illustrate is to create a test driver that
tests the constructors for the class, like this:
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1. In the code editor of your choice, reopen
the existing file to hold the code for your test
program.

In this example, | named the test program
ch2l.cpp.

2. Type the code from Listing 21-2 into your file.

Better yet, copy the code from the source file on
this book’s companion Web site.

LisTiNG 21-2: THE ComPLETE CLASS TEST DRIVER

void DumpComplete( const Complete& anObj )
{

printf("Object:\n");

printf("X : %d\n", anObj.getX() );
printf("Y : %1f\n", anObj.getY() );
printf("S : %s\n", an0Obj.getS().c_str() )
printf("P : %s\n", anObj.getP() ?

an0bj.getP() "NULL" );

}

int main()

{
// Test the void constructor.
Complete cl;
// Test the full constructor.
std::string s = "Three";
Complete c2(1, 2.0, s, "This is a test");
// Test the copy constructor.
Complete c3(c2);
// Test the = operator.
Complete c4d=cl;

DumpComplete( cl
DumpComplete( c2
DumpComplete( c2
DumpComplete( c4

NN NN

3. Save the source-code file in your editor and
close the code-editor application.

4., Compile the application, using your favorite
compiler on your favorite operating system.

5. Run the application. You should see the output
from Listing 21-3 appear in the console window.

ListinGg 21-3: OuTPuT

$ ./a.exe
Object:

X : 0

Y : 0.000000
S

P : NULL
Object:

X 1

Y : 2.000000
S : Three

P : This is a test
Object:

X 1

Y : 2.000000
S : Three

P : This is a test
Object:

X : 0

Y : 0.000000
S

P : NULL

As you can see, we get the expected output. The ini-
tialized values default to what we set them to in the
various constructors and copy functions. It’s very
hard to overestimate the importance of having unit
tests like these. With unit tests, you have a built-in
way to verify changes; you have ways to start testing
your software; and you have documentation built
right in the code. Unit testing is an important por-
tion of such development methodologies as eXtreme
Programming (now often called Agile Programming)
and the like.

Another important thing to note in our code is the
dirty flag (shown at = 1 in Listing 21-1) that we
have built into the code. The simple dirty flag could
easily be extracted out into its own small class to
manage dirty objects — and can be reused across
many different classes, as shown in Listing 21-4.
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LisTiNG 21-4: A CHANGEMANAGEMENT CLASS Okay, why might we want to create a dirty flag?
class ChangeManagement Well, for one reason, we could then manage the “dirt-
{ iness” of objects outside the objects themselves. We
private: might, for example, have a manager that the
bool dirty; ChangeManagement class “talked to” to notify it when
pubTic: given objects become dirty or clean (and therefore

ChangeManagement(void)

{ dirty = false;

éhangeManagement( bool flag )

{ setDirty(flag);

éhangeManagement( const ChangeManagement&

aCopy )

{ setDirty(aCopy.isDirty());

iirtua] ~ChangeManagement ()

i

void setDirty( bool flag )

{ dirty = flag;

;001 isDirty(void)

{ return dirty;

éhangeManagement& operator=(const

ChangeManagement& aCopy)

{ setDirty( aCopy.isDirty() );
return *this;

have to be written to and from disk). This sort of
thing would be very useful for a cache manager

of objects, when memory is at a premium but disk or
other storage space is available.

Of course, writing unit tests doesn't mean that
you have done a complete test. At this point,
you've simply validated that the code does
what you expected it to do when valid input
was given. Never confuse testing with valida-
tion. Validation shows that the code does what
it is supposed to do when you do everything
right. Testing shows that the code does what it
is supposed to do when you do something
wrong.
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Using Virtual
Inheritance

how classes are constructed — and how you can inherit from them.

Inheritance allows you to save time and effort by providing a ready
base of code that can be reused in your own classes. When you are doing
class design, however, there are some problems that will cause you pain
and consternation. One such problem is in multiple inheritance. While
multiple inheritance can solve many problems in class design, it can also
cause problems. For example, consider the case of Listing 22-1:

It’s no accident that this book devotes some time to understanding

LisTinGg 22-1: A MuLTiPLE INHERITANCE EXAMPLE

class Base
{

char *name;
public:
virtual const char *Name();
void setName( const char *n );
}
class A : public Base
{
}
class B : public Base
{
}
class C : public A, public B
{
}

Listing 22-1 shows a problem with multiple inheritance that you might
not think could ever happen — but it happens nearly all the time.

When we have a base class from which all classes in the system inherit
information — such as an Object class that stores the name (that is, the
type) of the class — we run into the problem of inheriting from the same
base class in multiple ways. This situation is often referred to as the
“deadly triangle” of object-oriented programming. If you instantiate an
object of type C, as in the code shown in Listing 22-1, the compiler and



linker won’t object — everything appears to work
fine. However, the problem comes in when we try to
use the methods in the base class Base. If we write

const char *name = c.Name();

then the compiler immediately throws a fit, generat-
ing an error for the source-code line. The reason
should be obvious: Which name method are we calling
here? There are two Base classes in the inheritance
tree for class C. Is it the one in the base class A, or the
one in the base class B? Neither is obvious, although
we can scope the answer with a little effort:

const char *name = c.B::Name();

This will fix our compile problem, because the com-
piler now knows that we mean the Name method that
is inherited through the class B tree.

Unfortunately, this doesn’t really solve the problem.
After all, our C class is not a B, nor is it an A —itis a
C, and only that. You might think a dodge like this
could “fix” the problem:

class C : public A, public B

pubTic:
cO)
: Base("C")
{
}

LisTing 22-2: ComPILER QuTPuT FOR MULTIPLE INHERITANCE ERROR
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Using Virtual Inheritance

Here we explicitly tell the compiler that thisisa C
object and should be used as one. Because the base
class constructor takes a name, and that name is
used in the Name method, it ought to therefore assign
the value C to the name. The problem is, if you try
to compile this mess, you get the error shown in
Listing 22-2:

Curses, foiled again; this doesn’t solve the problem
at all. The compiler is complaining because it does
not see which base class we are trying to use. Is it
the base class of A, or the base class of B? This isn’t
clear, and therefore we cannot simply call the base
class constructor.

How, then, can we inherit from two base classes that
(in turn) inherit from a common base class? The
answer lies in a C++ concept known as virtual inheri-
tance. Virtual inheritance combines multiple base
classes into a single base class within the inheri-
tance tree, so that there is never any ambiguity.

In Listing 22-1, with two classes inheriting from a
common base, the problem occurs because the base
class occurs in the inheritance tree twice. Virtual
inheritance forces the compiler to create only a sin-
gle instance of the base class — and to use the data
in that single instance wherever the data was last
set. This means that the code literally skips the
instantiation of the base classes in the two bases

(A and B, in our example) and uses only the instantia-
tion in the last class level, C.

ch3_11.cpp: In constructor 'C::C()"':

ch3_11.cpp:65: error: 'Object' is an ambiguous base of 'C'
ch3_11.cpp:65: error: type 'class Object' is not a direct base of 'C'
ch3_11.cpp: In member function 'void C::Display()"':

ch3_11.cpp:70: error: request for member 'Name'

inheritance lattice

is ambiguous in multiple

ch3_11.cpp:23: error: candidates are: virtual const char* Object::Name()

ch3_11.cpp:23: error:

virtual const char* Object::Name()
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Implementing Virtual Inheritance

Implementing virtual inheritance in your base
classes allows you to create an inheritance structure
that will permit all other classes that inherit from
your base classes to work properly. The following
steps take a look at how we can create an inheri-
tance structure that implements virtual inheritance:

1.

In the code editor of your choice, create a new
file to hold the code for the implementation of
the source file.

In this example, the file is named ch22.cpp,
although you can use whatever you choose.

Type the code from Listing 22-3 into your file.

Or better yet, copy the code from the source file
on this book’s companion Web site.

LiSTING 22-3: BASE-CLASS INHERITANCE

#Hinclude <stdio.h>
#include <string>

class Object

{

private:

char *name;

public:

Object(void)
{ name=NULL;
gbject(const char *n)
{ setName( n );
iirtua] ~0bject ()
{ if ( name )

delete name;

name = NULL;
iirtua] const char *Name()
{ return name;
iirtua] void setName(const char *n)

if ( name )
delete name;
name = NULL;

if (n)
{

name = new char[strlen(n)+1];

strcpy( name, n );

class A
{

public:

AC)

: Object("A")

: public virtual Object

{
}
virtual ~A()
{
}
’s

class B : public virtual Object
{
public:

B()

: Object("B")

{

}
’s
class C : public A, public B
{
public:

cQO)

{

}

void Display()
{

printf("Name = %s\n", Name() );

}
’s
int main(int argc, char **argv)
{

C c;

c.Display();

-2




The keys to the above code are in the lines
marked with = 1 and = 2. These two lines force
the compiler to create only a single Object
instance in the inheritance tree of both A and B.

3. Save the code as a file in your code editor and
close the editor application.

4. Compile the source-code file with your favorite
compiler on your favorite operating system,
and then run the resulting executable.

If you have done everything right, you should see
the following output:

$ ./a.exe
Name = (null)

Oops. This is not what we wanted to see. We were
expecting the name of the class. That name should
be ‘C’. The next section fixes that — and gives us the
type we really wanted.

Correcting the Code

The problem in our simple example comes about
because we assumed that the code would naturally
follow one of the two paths through the inheritance
tree and assign a name to the class. With virtual
inheritance, no such thing happens. The compiler
has no idea which class we want to assign the name
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to, since the values “belong” to the C class, rather
than the A and B classes. We have to tell the code
what to do. Let’s do that here.

Reopen the source-code file created earlier
. P
(called ch22.cpp) and edit it in your code editor.

2. Modify the constructor for the C class as follows:

cO

: Object("C")
{
}

3. Recompile and run the program, and you will
see the following (correct) output from the
application:
$ ./a.exe
Name = C

It isn’t always possible to modify the base classes for
a given object, but when you can, use this technique
to avoid the “dread diamond” (having a class derived
from two base classes both of which derive from

a common base class) — and use classes that have
common bases as your own base classes.

When you're designing a class, keep in mind
that if you add a virtual method, you should
always inherit from the class virtually. This
way, all derived classes will be able to override
the functionality of that virtual method
directly.



Creating Overloaded
Operators

ne of the most fascinating abilities that was added to C++ was the
Save Time By O power to actually change the way the compiler interpreted the
» Defining overloaded language. Before C++, if you had a class called, say, Foo, and you
operators wanted to write a method or function to add two Foo objects, you would

i have to write code similar to the following:
v+~ Rules for creating over-

loaded operators Foo addTwoFoos( const Foo&fl, const
. ; Foo& f2)
v~ Using a conversion [
operator Foo f3:
1 overloaded // Do something to add the two foos (fl and f2)
operators
v~ Testing your operator return f3;

}

Then you could call the function in your application code like this:

Foo f1(0);

Foo f2(1);

Foo f3;

f3 = addTwoFoos(f1,f2);

Overloaded operators permit you to change the basic syntax of the lan-
guage, such as changing the way in which the plus operator (+) is used.
With the addition of overloaded operators, however, you can now write
something like this:

Foo operator+(const Foo& f1,
const Foo& f2 ) -> 1
{

Foo f3;
// Do something to add them

return f3;



In your code, you can now include statements such
as this:

Foo 3 = fl+f2;

Without the overloaded operator (= 1), this line
would generate a compile error, since the compiler
knows of no way to add two objects of type Foo.

Of course, this power comes with a corresponding
price. When you overload operators like this, even
the simplest-looking statement can cause problems.
Because you can no longer assume that a single line
of code results in a single operation, you must step
into every line of code in the debugger to trace
through and see what is really happening.

Take a look at this simple-looking statement, for exam-
ple, in which we assign one Foo object to another:

Foo fl=12;

This statement could, conceivably, be hidden within
hundreds of lines of code. If an error crops up in the
code that processes this simple assignment state-
ment, you have to dig into every one of those lines
to find it. So consider: An overloaded operator may
be hard to beat for readability. It is more intuitive to
say A+B when you mean to add two things than to
write add(A,B), but it’s a debugging nightmare.
Weigh very carefully the real need for overloading a
particular operator against the pain you can cause
someone who’s trying to figure out why a side effect
in your code caused his program not to work.

Rules for Creating Overloaded
Operators

There are four basic rules that you should use when
you overload operators in your own classes:

v Make sure that the operator does not conflict
with standard usage of that operator.

This rule is pretty straightforward. If you over-
load the plus (+) operator, you still expect the
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operator to do something along the line of
adding. You wouldn’t expect (for example) to use
the plus operator to invert a string; that wouldn’t
make sense. It would drive anyone trying to
understand the code completely batty.

v Make sure that the operator has no unexpected
side effects.

This rule isn’t much more complicated. If 'm
adding two numbers together, I don’t expect the
result of the operation to change either number.
For example, suppose we wrote something like

Foo f1(1);
Foo f2(2);
Foo 3 = fl+f2;

After these statements are run, you certainly
would expect f1 to still contain a 1 and 2 to still
contain a 2. It would be confusing and counter-
intuitive if you added two numbers and found
that f1 was now 3 and f2 was now 5.

v Make sure that an operator is the only way you
can implement the functionality without having
an adverse impact on the end user and the
maintainer of the code.

This rule is somewhat subjective but easy to
understand. If you could easily write an algorithm
as a method or function, there would be no reason
to overload an operator to perform the algorithm.

v Make sure that the operator and all associated
operators are implemented.

This rule is fairly important — especially from
the perspective of a user. For example, if you
implement the plus (+) operator, you're going to
want to implement the plus-equal operator (+=)
as well. It makes no sense to the end user to be
able to perform the statement

Foo 3 = f1 + f2;

without also being able to perform this one:
f2 += fl;

Unfortunately, the converse operation is not
always valid. For example, we might be able to
add two strings together easily enough, by
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appending one to the other. What does subtract-
ing a string from another string mean, though? It
could be used to find the string in the first string
and extract it, but that really doesn’t make a
great deal of sense. Therefore, subtraction is not
an “associated operator” for strings. This fails
both the first and third rules.

Using Conversion Operators

Besides addition, the other sort of operator that
often should be implemented for your classes is a
conversion operator. With it, you can convert a given
class into a lot of things. For example, you could con-
vert a string into a character pointer — or a class
into an integer for use in other functions. In such
cases, you use the conversion operator like this:

operator const char *()

The const char * portion of the operator defines
what you are converting the class data into. The
operator keyword just tells the compiler that you
are implementing this as an operator. If you imple-
ment the operator given here in your code, you can
use the class that implements the code anywhere
you would use a const char * value. You can do so
directly, as in the following lines of code:

printf("The value as a string is: %s\n",
(const char *)my0bj);

Alternatively, you can do it implicitly by first includ-
ing these lines of code:

void print_a_string( const char *s )
{
print("string: %s\n", s );

}

and then referencing those lines with this line:

print_a_string( myObj );

Technique 23: Creating Overloaded Operators

The compiler automatically calls your conversion
operator “silently” when the object is passed to the
print_a_string function. The conversion is applied
and the const char * pointer passed into the function
instead of the object. Note that this process does
involve some overhead — and if the conversion is to
a non-basic type, a temporary object is created —
which can cause problems if you are reference-
counting (tracking allocations and de-allocations)
your objects. You will have a new object created by
the compiler that does not appear in your code.
Tracing logic that prints out the creation of objects
will be confused, and may result in trying to find prob-
lems by the end programmer that do not really exist.

Always remember that just because you can use C++
functionality, such as overloaded operators, does not
mean you should or must use that capability. Always
do what makes the most sense in your programming
situation.

Using Overloaded Operators

Overloaded operators are those that have the same
name but different numbers or types of arguments.
Let’s create a few overloaded operators in a class to
illustrate this technique in C++.

1. In the code editor of your choice, create a new
file to hold the code for the implementation of
the source file.

In this example, the file is named ch?23, although
you can use whatever you choose.

2. Type the code from Listing 23-1 into your file.

Better yet, copy the code from the source file on
this book’s companion Web site.
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#include <stdio.h>
#finclude <string.h>
#include <math.h>

#include <ctype.h>

class MyString
{
char *buffer;
int Tlength;
private:
void SetBuffer( const char *s )
{
if( buffer )
delete buffer;
buffer = NULL;
length = 0;
if (s )
{
buffer = new charl[ strlen(s)+l 1;
strcpy( buffer, s );
length = strlen(buffer);

}

public:
MyString(void) -1
{
buffer = NULL;
length = 0;

}
MyString( const char *s )
{
buffer = NULL;
SetBuffer ( s );
}
// Create a string that is blank, of the
length given.
MyString( int Tength )
{
buffer = new char[ Tength+l 1;
for ( int i=0; i<length; ++i )
buffer[i]l = ' ';
}
MyString( const MyString& aCopy ) - 2
{
buffer = NULL;
SetBuffer ( aCopy.buffer );
}
virtual ~MyString() - 3
{
if ( buffer )
delete buffer;

Using Overloaded Operators ’ 2 3

This code implements the various constructors
and internal methods that we are going to be
using in the class. Note that to be a complete
class, we provide the void constructor (= 1)
and copy constructor (= 2), as well as a virtual
destructor (= 3). In addition, a variety of other
constructors allow you to do the complete cre-
ation of the object in different ways.

Add the code from Listing 23-2.

In our case, we only have two different pieces

of data in the class: the buffer itself, which holds
the string we are encapsulating, and the length
of the buffer (for keeping track of valid indexes
into the string). Add the code from Listing 23-2
to your source file to implement the accessors.

LisTinGg 23-2: Accessor METHODS FOR THE MYSTRING CLASS

// Accessor methods

int Length() const
{
return length;
}
void setlength(int len)
{
if ( len != length )
{
char *temp = new char[ len+l 1;
strncpy( temp, buffer, len );
for ( int i=length; i<len; ++i )
temp[i] = 0;
delete buffer;
buffer = temp;
}
}
MyString& operator=(const MyString&
aCopy )
{
SetBuffer( aCopy.buffer );
return *this;
}
// We can overload the operator= as well
MyString& operator=(const char *str)
{
SetBuffer(str);
return *this;
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4. Add the code from Listing 23-3 to the file.

This adds the operators for the class. This is an
optional step that you might or might not want
to add to your own classes.

LisTing 23-3: CLAasS OPERATORS

Listing 23-3 implements some operators for this
class. (We’ll add conversion operators, indexing
operators, an operator to return a sub-string of
our string, and some comparison operators so
you can see how it all fits together.)

// Be able to use the object "just as if" it were a string.

operator const char*()
{
return buffer;

}

// Be able to iterate through the string using the [] construct.
// Note that the users can change the string this way. Define a
// const version of it too, so they cannot change the string.

char& operator[1( int index )
{

// This is probably not the right thing to do, in reality,
// but if they give us an invalid index, just give them the first byte.

if ( index < 0 || index > length-1 )
return buffer[0];
return buffer[ index 1;
}
const char& operator[]J( int index ) const

{

// This is probably not the right thing to do, in reality,
// but if they give us an invalid index, just give them the first byte.

if ( index < 0 || index > Tength-1)
return buffer[0];
return buffer[ index 1;

}

// Now the fun stuff. Create an operator to return a sub-string of the

// buffer.
MyString operator()(int stlndex, int endIndex)
{
if ( stIndex < 0 || stIndex > length-1)
stIndex = 0;
if ( endIndex < 0 || endIndex > Tength-1 )
endIndex = length-1;
if ( stindex > endIndex )
{
int temp = stlndex;
stIndex = endIndex;
endIndex = temp;
}

// QOkay, we have valid indices. Let's create the string of the right

/] size.

MyString s( endIndex-stIndex+l );

// Copy the buffer into the string.

for ( int i=stlndex; i<=endIndex; ++i )



s[i-stIndex] = buffer[i];
return s;
}

Testing the MyString Class ’2 5

// Define some comparison operators, case-insensitive.

bool operator==(const MyString& aString )
{
if ( Length() != aString.Length() )
return false;
for ( int i=0; i<Length(); ++i )
{
char cl = (*this)[i];
char c2 = aStringl[il;
if ( toupper(cl) != toupper(cZ ) )
return false;

}
return true;
}
// Do the same for comparisons to literal strings.
bool operator==(const char *str)
{
if ( Length() != strlen(str) )
return false;
for ( int i=0; i<Length(); ++i )
{
char cl (*this)[i];
char c2 = str[il;
if ( toupper(cl) != toupper(c2 ) )
return false;

}
return true;

Testing the MyString Class 2.

After you create the MyString class, you should create
a test driver that not only ensures that your code is
correct, but also shows people how to use your code.

The following steps show you how to create a test
driver that illustrates how the class is intended to
be used.

1. In the code editor of your choice, open the exist-
ing file to hold the code for your test program.

In this example, I named the test program ch23. 3

Type the code from Listing 23-4 into your file.

Better yet, copy the code from the source file on
this book’s companion Web site.

Notice that we can use the operator “[]” on
either side of the equal sign in an expression. If
you use the [] as an l-value, you can actually
directly assign values to the buffer in the code.
However, unlike a “standard” C++ array, the code
actually validates to ensure that the index you
pass in is in the valid range for the internal
buffer. Hence no more buffer overruns — and no
more program crashes!

Save the source code in your code editor.
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void print_a_string( const char *s )

{

printf("The string is: %s\n", s );

}

int main(int argc, char **argv)
{
MyString s("This is a test");

printf("The string is: [%Zs]\n",

s[41 = 'm';

printf("The string is now: [%s]\n",

(const char *)s );

// Get a sub-string of the string.

MyString sub = s(3,7);

printf("The sub-string is: [%s]\n",

(const char *)s );

(const char *)sub );

// We can reset strings to be bigger or smaller.

sub = "Hello world";
printf("The sub-string is now:

if ( sub == "hET10 world" )

[%sI\n",

printf("Strings compare\n");

else

printf("Strings do NOT compare\n");

if ( sub == "Goodbye" )

printf("Strings compare\n");

else

printf("Strings do NOT compare\n");

MyString copy = sub;
if ( sub == copy )

printf("Strings compare\n");

else

printf("Strings do NOT compare\n");

print_a_string( sub );
return 0;

(const char *)sub );

4., Compile the source code with your favorite
compiler on your favorite operating system.

5. Run the resulting program on the operating

system of your choice.

If you have done everything correctly, you should

see the following output from the application in the

console window.

$ ./a.exe

The string is: [This is a test]

The string is now: [Thismis a test]
The sub-string is: [smis ]

The sub-string is now: [Hello world]
Strings compare

Strings do NOT compare

Strings compare

The string is: Hello world



As you can see from the output in Listing 23-2, the
indexing functions (operator [] and operator ())
properly allow us to retrieve and modify selected
pieces of our string. The comparison functions work
as well, showing that our overloaded operators are
working correctly.

Testing the MyString Class ’2 7

This example really shows the power of overriding
operators and creating your own types in C++: You
can protect the end user against just about all the
problems that have cropped up in years of software
development.



Defining Your Own
new and delete

Technique Handlers

Save Time By

v+ Implementing new and
delete handlers

v Overloading new and
delete handlers

v~ Creating a memory-
allocation tracking
program

v~ Testing your program

keywords for allocating and freeing blocks of memory. The new

and delete keywords (for example) were added to the language
primarily to support the addition of objects with constructors and
destructors — but they’re also used to allocate more “generic” blocks of
memory, such as character arrays.

O ne basic building block of the C++ language is a set of core

The main reason for using the new operator was that it would automatically
allocate the needed block of memory, and then call the constructor for

the block of memory to initialize it properly. (The old C style al1oc/malloc
functions couldn’t do that.)

The problem with the new and delete operators isn’t really in the way
they are used,; it’s that they don’t keep track of what is allocated and
what is deleted. There are other problems — such as dealing with pools
of objects (allowing you to reuse objects without allocating new ones) —
but most programmers would agree that the issue of tracking memory
allocation is more serious. If you can keep track of exactly when memory
is allocated and de-allocated in your application, you will save enormous
amounts of time in the debugging process trying to track down memory
leaks and overwrites.

Consider, as a good example, the following function, written in C++:

int func(int x)
{

char *ptr = new char[2001]; -> 1
if ( x <0 || x> 100 )
return -1; -> 2

// Do some processing of the ptr.

// De-allocate memory.
delete ptr;



This code contains a subtle, but important, memory
leak. If you call the function with a value such as 102
passed for x, you will see the problem. The function
allocates a block of memory that is 200 bytes long
(at = 1), and then returns without de-allocating the
block (at = 2). That memory is then consumed until
the program exits, and is no longer available to the
application. This might not seem like such a big
problem — unless this routine is called several thou-
sand times. Suddenly that 200-byte block becomes a
several-megabyte memory leak. Not a good outcome
at all.

Fortunately, the designers of C++ considered that
problems like this could easily crop up. Although
they chose not to build in a garbage-collection sys-
tem, as in Java, they did provide the building blocks
for creating your own memory allocation and de-
allocation system, and keeping track of such things.
To keep track of memory allocation in C++, we need
the ability to overload the new and delete handlers
in the language. You might think that this would be a
complicated affair, but as Technique 23 shows, over-
loading operators (so they appear to be a basic part
of the language) is simple in C++. The new and delete
operators are no exception to the overloading
process, although you have to go about it a little dif-
ferently. In this technique, we look at how you can
overload the new and delete handlers for the entire
system, although the same process can be scaled
down to just the class level.

Rules for Implementing new
and delete Handlers

There are a few things to note when you are imple-
menting your own new and delete handlers in your
application code.

v You may not call new and delete within your new
or delete handlers. This might seem obvious,
but issuing those calls is almost automatic for
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some developers. In short, new and delete may
not be called recursively.

v You may not call any methods, functions, or
objects that call new or delete within your han-
dlers. If you call a function within a new handler
that calls new, you get an instantly recursive call.
Following this rule is often harder than it looks.
(For example, you cannot use the STL containers
because they allocate memory.)

v Your new and delete handlers must be very fast.
Their code is often called over and over, and
must not slow down the application they are
being used from.

v You cannot change the process in which the new
and delete operators are called. That is, you
can’t return a smaller or larger block than was
asked for to the application. Doing so can break
many programs.

Overloading new and
delete Handlers

With these rules in mind, how can we overload the
new and delete operators to keep track of what is
being allocated in a given program and report on
which allocations were never freed? Let’s take a look
at an example of that right now.

1. In the code editor of your choice, create a new
file to hold the code for the implementation of
the source file.

In this example, the file is named ch24.cpp,
although you can use whatever you choose.

2. Type the code from Listing 24-1 into your file.

Better yet, copy the code from the source file on
this book’s companion Web site.
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LisTING 24-1: NEW AND DELETE HANDLERS

#include <stdio.h>
#include <stdlib.h>

typedef struct {

Tong number;
long address;
long size;
char file[64];
lTong Tine;

} TALLOC_INFO;

TALLOC_INFO *allocations[ 100000 1;
int nPos = 0;

void AddTrack(long addr, 1long asize)
{
if ( asize == 2688 )
printf("Found onel!\n");
TALLOC_INFO *info = (TALLOC_INFO *)malloc(sizeof(1ALLOC_INFO));
info->address = addr;
info->size = asize;
info->number = nPos;
allocations[nPos] = info;
nPos ++;
1

bool RemoveTrack(long addr)
{
bool bFound = false;

for(int i = 0; i != nPos; i++)
{
if(allocations[i]->address == addr)
{
// Okay, delete this one.
free( allocations[i] );
bFound = true;
// And copy the rest down to it.
for ( int j=i; j<nPos-1; ++j )
allocations[j] = allocations[j+1];
nPos --;
break;

}
if ( !bFound )

printf("Unable to find allocation for delete [%1d]\n",addr);
return bFound;
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This code keeps track of all allocations — and
adds or removes them from a global array as we
do our processing. This way, we can track all
calls to new or delete within our application —
and report on the calls to new that are not
matched with a call to delete. Of course, this
approach limits how many allocations we are
going to track (it’s a large, but not infinite, num-
ber). We can’t dynamically allocate this array
without writing a bunch of fancy code that’s
beyond the scope of this example, so we will use
this compromise for now.

3. Add the code from Listing 24-2 to your source
file.

This code generates a report of what blocks are
currently allocated and how big they are. This
aids the developer in tracking down the offending
code that created the memory leak in the first
place. Of course, knowing where the leak
occurred doesn’t help if the leak happens in a low-
level library (because we have no access to the
library source code and couldn’t modify it if we
did), but at least the size will help some. By know-
ing the size of our allocation, we might be able to
map that to a specific block size in the program,

LiSTING 24-2: ALLOCATION REPORT
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or the size of a given object. This code could eas-
ily be moved to a separate utility file but we will
include it in the same file for simplicity.

This code simply steps through the list of alloca-
tions we have kept track of in the add and remove
routines and reports on anything it finds that
was not yet freed. This doesn’t necessarily mean
that the allocation is a leak, though, as we will
see. What it means is that at the moment of this
particular memory-state snapshot, the alloca-
tions in the list have not been freed up.

Add the code from Listing 24-3 to your source
file below the remaining code.

This implements the actual new and delete
methods. Once again, we could easily move
these to a separate utility file, but it is easier to
leave it in one place. This functionality is added
separately to indicate how you would append
this code to an existing program.

This will implement the actual overload of the
new and delete operators. To implement that
operation, add the code in Listing 24-3 to your
source file.

void DumpUnfreed()
{
long totalSize = 0;
printf("--------------------
for(int i = 0; 1 < nPos; i++)
{
TALLOC_INFO *pInfo = allocations[i];
printf("(%1d) ADDRESS %x\t Size: %d unfreed\n",
pInfo->number, pInfo->address, pInfo->size);
totalSize += plnfo->size;
}

Allocations

printf("----------------"---"-"-"-"-"-"----------------
totalSize);

printf("Total Unfreed: %d bytes\n\n\n",




132

LisTinG 24-3: OVERLOADED NEW AND DELETE HANDLERS

Technique 24: Defining Your Own new and delete Handlers

inline void * __cdecl operator new(unsigned int size)

{
printf("Basic operator new called\n");
void *ptr = (void *)malloc(size);
AddTrack((long)ptr, size);
return(ptr);

}s

inline void * __cdecl operator new[]J(unsigned int size)

{
printf("Array operator new called\n");
void *ptr = (void *)malloc(size);
AddTrack((Tong)ptr, size);
return(ptr);

}s

inline void __ cdec]

{

operator delete(void *p)

printf("Basic operator delete called\n");
if ( RemoveTrack((long)p) )
free(p);
}s

inline void __cdecl operator delete[](void *p)
{
printf("Array operator delete called\n");
if ( RemoveTrack((long)p) )
free(p);

5. Save the source-code file.

These implementations of the code are nothing spe-
cial. We simply allocate memory (using the built-in
C function malloc) and de-allocate the memory by
using the free function. The code includes some
debugging printf statements that allow you to show
which functions are being called at what time.
Within each allocation or de-allocation operator, we
call the appropriate tracking function to add or
remove this particular allocation from the global
array. One thing to note is that this code is actually
better than the standard C++ implementation,
because it verifies that a given pointer was allocated
before it allows it to be freed. You could (for exam-
ple) cause some mayhem if you were to do this:

char *c = new c[1007;

// Do some stuff
delete c;

// Do some more stuff
delete c;

Expect bad things to happen in a case like this: It’s
deleting the same pointer twice, which tends to cor-
rupt the stack and destroy all memory in the system.
In our system, however, this process is caught and an
error message is displayed. Furthermore, the actual
pointer is not deleted a second time — so there’s no
memory corruption in the system and your program
does not crash. That’s a good enough reason to use a
system like this in your production code.



g All production code should be tested with a
i («a memory-leak tool, or run through code like
& this to see whether memory is being allocated
and freed properly, not freed correctly, or
freed more than once.

Testing the Memory Allocation
Tracker

In order to see how the allocation tracking code
works, it is easiest to create a simple test driver that
illustrates the various pieces of the system. Let’s cre-
ate a simple test program to use the new and delete
handlers we have created. The following steps show
you how:

1. In the code editor of your choice, open the exist-
ing file to hold the code for your test program.

In this example, [ named the test program CH 24.
2. Type the code from Listing 24-4 into your file.

Better yet, copy the code from the source file on
this book’s companion Web site.

3. Save the source code and close your code editor.

LisTiNG 24-5: OutpuT FROM THE MEMORY TRACKING PROGRAM
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LisTing 24-4: MemoRy ALLocATOR TEST DRIVER

int main(int argc, char **argv)
{
DumpUnfreed();
char *c = new char[200];
DumpUnfreed();
char *c2 = new char[256];
DumpUnfreed();
delete c;
delete c;
DumpUnfreed();
int *x = new int[20];
delete [] x;
DumpUnfreed();
Foo *f = new Foo();
delete f;
Foo *af = new Foo[b];
delete [] af;

Foo *afl = new Foo[3];
delete afl;

4. Compile the source file, using your favorite
compiler on your favorite operating system.

If you run the resulting executable, the program
should give you the output shown in Listing 24-5.

Total Unfreed: 0 bytes

Array operator new called

fffffffffffffffffffffff Allocations -----------

Size: 200 unfreed

Total Unfreed: 200 bytes

Array operator new called

fffffffffffffffffffffff Allocations -----------

(0) ADDRESS a050648
(1) ADDRESS a050770

Size: 200 unfreed
Size: 256 unfreed

(continued)
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Total Unfreed: 456 bytes

Basic operator delete called
Basic operator delete called

Unable to find allocation for delete [168101448]
fffffffffffffffffffffff Allocations ----------

(1) ADDRESS a050770 Size: 256 unfreed

Total Unfreed: 256 bytes

Array operator new called
Array operator delete called

——————————————————————— Allocations ----------

(1) ADDRESS a050770 Size: 256 unfreed

Total Unfreed: 256 bytes

Basic operator new called
Foo Constructor called

Foo Destructor called

Basic operator delete called
Array operator new called
Foo Constructor called

Foo Constructor called

Foo Constructor called

Foo Constructor called

Foo Constructor called

Foo Destructor called

Foo Destructor called
Foo Destructor called
Foo Destructor called
Foo Destructor called

Array operator delete called

There are a lot of interesting things to take out of
this technique. First, it gives you a better apprecia-
tion of what goes on behind the scenes in a typical
C++ program. Second, you can see right away how
the allocations and de-allocations are being handled
and where the leaks are. In our example, we can see
at the end of the program that we have a single
memory leak of 256 bytes (at = 4 in Listing 24-5).
Note that we print out the current state of the pro-
gram several times, so it is only the last display that
indicates the leak at the end of the program. The

others are left in to illustrate how the program is
allocating memory. It’s obvious, from looking at the
program code, that this occurs for the c2 allocation
(see = 3 in Listing 24-4). We simply need to add a
delete call for the character pointer and all will be
copacetic.

The other interesting thing to note in this technique
is which C++ new operator is called when. If you allo-
cate a character pointer, for example, it calls the
array version of the new operator. This situation is



counterintuitive — after all, you're allocating a single
character pointer — but it makes sense if you really
think about it. It’s an array of characters that we
happen to treat as a single string, which gives us the
array version of the new operator. Likewise, when we
allocate a single object, it calls the basic operator for
the new allocation.

Before we leave this concept, there’s one more
potential mess worth looking at. Try adding the fol-
lowing code to the end of your driver application:

Foo *afl = new Foo[3];
delete afl;

If you compile this snippet of code at the end of your
driver program, and then run the program, you will
see the following output:

Array operator new called

Foo Constructor called

Foo Constructor called

Foo Constructor called

Foo Destructor called

Basic operator delete called

Unable to find allocation for delete
[168101480]
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Looking at the output, you will notice that the con-
structor for the class was called three times, for the
three objects we created. The destructor, however,
was only called once. Worse, because the block of
memory allocated is actually three separate objects,
our deletion routine couldn’t find it to delete it.

Moral: Always call the right version of delete
for the corresponding version of new.

The new new operator

In C++, there is another version of the new operator called
the new in place operator. This operator invokes the con-
structor for an object and sets it to point to a specific block
of memory that is passed into it. If you are implementing a
system that uses an embedded processor, where you can-
not “really” allocate memory, or if you have an object pool,
you might consider such a choice.

Add a memory tracker to every application
you create. You can conditionally compile in
the code to see how things are going at any
stage of the application-development phase,
and can use the resulting reports for quality
assurance.
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Implementing
Properties

Java or C#, you are probably already familiar with the concept of
properties. Essentially, properties are public elements of a class that
have their own methods for getting and setting their values. Unlike tradi-
tional public values, however, a property cannot be accessed directly by

the programmer — even though it looks like it can. A property has set
and get functions that are invoked when you attempt to write or read to
the property values. C++ has no direct implementation of properties in
the language. This is really a shame, because properties save a lot of
time for the end user by making it easier to read and write data values
within the class.

If you are accustomed to programming in the “new” languages, such as

For example, suppose you have a class named Foo that contains a prop-
erty called age. This property can be set by the application developer,
but only to values within the range of (say) 18 to 80. Now, in a “standard”
C++ application, you could define the class with a public member such as
in the following:

class Foo
{
public:
Foo()
{
}
int age;

1

If you had such a class, you could then write application code to directly
set the age property, like this:

int main()

{
Foo f;
f.age = 22;



The problem is, you can also set age to an invalid
value. The restriction is only implemented by the
“rule” that an age can’t be outside the valid range of
18 to 80. Our code does not enforce this rule, which
could easily cause problems in calculations that rely
on the rule being obeyed. An invalid assignment
might look like this:

f.age = 10; // Invalid

The ideal solution would be to allow people to
directly set the age property in this class, but not
allow them to set it to values outside the valid range.
For example, if a user did so and then added this
statement

f.age = 10;

the age would not be set and would retain its old
value. This resistance to unauthorized change is the
advantage of a property, instead of allowing the
value to change no matter what input value is given.
In addition, we can create read-only properties that
can be read but not written to. C++ does not offer
this capability directly, but it allows us to create
such a thing ourselves. A read-only property would

LisTING 25-1: PROPERTY CLASS
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be useful for values that the programmer needs
access to, but cannot possibly modify, such as the
total memory available in the system. Properties like
these save time by making the code easier to read
while still maintaining data integrity.

Implementing Properties

Creating a simple class that implements properties
for a specific type — in this case, integers — can
illustrate this C++ capability. We can then customize
the class to allow only specific types of integers, or
integer values.

7. In the code editor of your choice, create a new
file to hold the code for the implementation of
the source file.

In this example, the file is named ch25.cpp,
although you can use whatever you choose.

2. Type the code from Listing 25-1 into your file.

Or better yet, copy the code from the source file
on this book’s companion Web site.

#include <stdio.h>
#include <string>

class IntProperty
{
int temp;
int &iValue;
bool bWrite;
pubTic:
void Init()
{
bWrite = false;
}
IntProperty(void)
: iValue(temp)
{
Init();
}

(continued)
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LisTiNG 25-1 (continued)

virtual void set(int i)
{ iValue = i;

iirtua] int get(void)
{ return iValue;

}

public:
IntProperty(int& i)
iValue(i)
{
Init();
}
IntProperty( int i, bool read, bool write )
iValue(i)
{
Init();

}ntProperty( const IntProperty& aCopy )
iValue(aCopy.iValue)

{ Init();

iirtua] ~IntProperty()

|

// Accessors

int getValue( void )

{ return iValue;

goo] getWrite(void)

{ return bWrite;

ioid setWrite(bool write)
{ bWrite=write;

}

// QOperators
IntProperty& operator=( int i )
{
if( bWrite )
set(i);



1

else
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printf("Trying to assign to a read-only property\n");

return *this;
1
// Cast to int
operator int()
{

return get();
}

This class implements a property according to
the C++ standards, and yet works as if it were a
Java or C# property. We will be able to read and
write to the data value without having to write
extra code, but the data values will be validated
for the range allowed. To use it, we need to
embed it in a class that the end user will interact
with. This class will expose the IntProperty
object to the end user, but the instance of the
IntProperty class within any other class will
work with an internal variable of that class. The
IntProperty class is really just a wrapper
around a reference to a variable, but that vari-
able will be outside the scope of the
IntProperty class.

Notice that the set (= 1) and get (= 2) meth-
ods of the class are internal to the class itself,
but are also declared as virtual. That means
implementing a derived class that screens out
certain data values would be trivial, as we

will see in the AgeProperty class later in this
technique.

To derive a class from our IntProperty class, we
just have to override the get and set methods in
the ways we want. To restrict the range of the
integer value, for example, we modify the set
method to only allow the values we permit. In
addition, we must override the operator=
method, because operator= is never inherited
by a derived class. That’s because you could be
setting only a portion of the object — which the
language won't let you do, so you have to over-
ride the operator as well. When you create a

derived class, the operator= would be called for
the base class. This would set only the member
variables in the base class, and would not set the
ones in the derived class. Otherwise, the remain-
der of the class remains the same.

3. Add the code from Listing 25-2 to your source

file.

We could simply create a new file to store this
new class, but it is easier to just combine them
for the purpose of this technique.

In this case, we are going to use the IntProperty
in another class.

LisTinG 25-2; EXTENDING THE INTPROPERTY CLASS

class AgeProperty :
{
private:
virtual void set(int i)
{

public IntProperty

if (1 >=18 && i <= 80 )
IntProperty::set(i);
}
public:
AgeProperty( int &var )
IntProperty(var)

{

}

AgeProperty& operator=( int i )

{
IntProperty::operator=(i);
return *this;
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Now, in order to use the class, we need to embed the
object as a public member of our encapsulating
class, and provide it with a data member that it can
access to set and get values. The property class is
just a wrapper around a value. Because it contains a
reference to a data value outside the class, it can
directly modify data in another class. That means
that any changes made to the reference in the
IntProperty class will be immediately reflected in
the underlying class-member variable.

To show how it all fits together, the next section

adds a class that makes use of the AgeProperty class.

Testing the Property Class

After we have defined the Property class, we need to
test it. The following steps show you how:

1. In the code editor of your choice, create a new
file to hold the code for your test program.

In this example, [ named the test program
ch25.cpp.

2. Put the code from Listing 25-3 into your test-
driver file.

LisTING 25-3: TESTING THE INTVALUE CLASS

class TestIntValue
{
private:
int mylnt;
public:
TestIntValue()
: i(myInt)
{
mylnt = 0;
}

void Print()
{
printf("myInt = %d\n", myInt );

}

public:
AgeProperty 1i;
1

This class contains a single integer value, its only
data member. The data member is associated
with the Property class in the constructor for the
class, so any changes to the member variable will
be immediately reflected in the Property class
and the TestIntValue class at the same time.

Because the data value is used by reference in
the Property class, changing the property is the
equivalent of changing the original data member
directly. We are controlling how the data is
changed, while allowing the compiler to generate
the code that does the actual data manipulation.

Our class illustrates how the data values change
and what they are assigned to at any given
moment in time. We will use this class to show
off how the property class works.

3. Add the code from Listing 25-4 to the end of
your existing file.

LisTinG 25-4: THE TeST DRIVER CoDE

int main(int argc, char **argv)
{

TestIntValue tiv;

tiv.i = 23; -> 3
printf("Value = %d\n", (int)tiv.i );
tiv.Print();

tiv.i.setWrite( true ); -5
tiv.i = 23;

printf("Value = %d\n", (int)tiv.i );
int x = tiv.i;

tiv.Print();
printf("X = %d\n", x );
tiv.i = 99;

printf("Value = %Zd\n", (int)tiv.i );

4. Save the source file in your code editor and
close the editor application.

&, Compile the file with your favorite compiler on
your favorite operating system.

If you have done everything properly, you should
see the following output from the application:
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$ ./a.exe _ flag to allow changes (= b), we can then assign val-
Trying to assign to a read-only property ues to the variable and have it modified in the out-
Value = 0 -> 4

myInt = 0 put (= 6).

Value = 23 —> 6

myInt = 23 ] Properties are an essential part of languages

X =23 = («a such as C# and Java, but are not yet a part of
Value = 23 & the C++ languages. If you get into the habit of

thinking about them, however, you can save a
The output above illustrates that our property class lot of time in the long run — for one thing, you
is working properly. The initial value of the integer is won't have to relearn how to use data mem-
0, as specified in the constructor. Because the class bers for classes. Translating code to and from
defaulted to read-only (setWrite was not yet called), C+ fronj the newer !anguages will becp me.
an attempt to write to the variable (= 3) results in an essential part of mixed language projects in

. ) the future, and making it easy to do that trans-
no change being made (— 4). After we set the write lation will save you a lot of time and effort.
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computer program. Before you can operate on a given piece of

data, you need to know whether or not it is valid. It doesn’t matter
if it is a date, a time, an age, or a Social Security number; the data you
accept into your program will cause problems if it is in an invalid format.

Data validation is one of the most basic and pervasive functions of a

Validating a data type is a perfect form of encapsulation, which makes it a
perfect task to assign to a C++ class. Because we encapsulate both the
data and the rules for the data type within a class, we can move that class
from project to project, anywhere that the data type is needed. This saves
time in implementing the class, as well as time and effort in validating and
testing the class.

7 When you're writing an application, take time to identify the data
types you're using. Write classes to validate, save, and load these data
) types and you will save yourself endless time debugging and extend-
ing your applications.

Implementing Data Validation with Classes

Follow these steps to create your own validation classes:
1. In the code editor of your choice, create a new file to hold the code
for your header file.
In this example, I call my class ch26.cpp.
2. Type the code from Listing 26-1 into your file.

Better yet, copy the code from the source file on this book’s compan-
ion Web site.
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LisTinGg 26-1: THE VALIDATION CLASS
#include <string>

// Constants used in this validation
ffdefine SSN_LENGTH 9
jidefine SSN_DELIMITER '-'

v
N =

// The validator class
class SSNValidator
{
// Internal member variables
private:
// This is the actual SSN.
std::string _ssn;
// This is the flag indicating validity.
bool _valid;

protected:
bool IsValid(const char *strSSN);

public:
// Constructors and destructor
SSNValidator();
SSNValidator( const char *ssn );
SSNValidator( const std::string& ssn );
SSNValidator( const SSNValidator& aCopy );
virtual ~SSNValidator();

// Accessors for this class

bool Valid() { return _valid; };
std::string SSN() { return _ssn; }
void setSSN( const char *ssn);

// Operators for this class

SSNValidator operator=( const char *ssn );
SSNValidator operator=( const std::string& ssn );
SSNValidator operator=( const SSNValidator& aCopy );
operator const char *();

3. Save your code in the code editor. 4. Type the code from Listing 26-2 into your new

This will be the definition for our Validator file.

object. This class can then be included in other Better yet, copy the code from the source file on
modules to do validation of the type we are this book’s companion Web site.

defining. In this example, we are validating a U.S.

Social Security Number.
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LisTinGg 26-2: SocIAL SEcURITY NUMBER VALIDATOR

#finclude <ctype.h>

bool SSNValidator::IsValid(const char *strSSN)
{
int i;
// No NULL values allowed.
if ( strSSN == NULL )
return false;
// Copy the result into a string, removing all delimiters.
std::string sSSN;
for ( i=0; i<(int)strlen(strSSN); ++i )
if ( strSSN[i] != SSN_DELIMITER )
SSSN += strSSN[i];

// Must be 9 characters.
if ( strlen(sSSN.c_str()) != SSN_LENGTH )
return false;
// Check to see whether all characters are numeric.
for ( i=0; i<(int)strlen(sSSN.c_str()); ++i )
if ( lisdigit( sSSN[i] ) )
return false;

// Must be okay.
return true;
}

// Constructors and destructor
SSNValidator::SSNValidator()
{

Cssn o= "t
_valid = false;

}

SSNValidator::SSNValidator( const char *ssn )
{
// Only assign if valid.
_valid = IsValid( ssn );
if ( _valid )
_sSsn = ssn;

}

SSNValidator::SSNValidator( const std::string& ssn )
{
// Only assign if valid.
_valid = IsValid( ssn.c_str() );
if ( _valid )
_ssn = ssn;
}

SSNValidator::SSNValidator( const SSNValidator& aCopy )
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_ssn = aCopy._ssn;
_valid = aCopy._valid;
}

SSNValidator::~SSNValidator()
{
1

void SSNValidator::setSSN( const char *ssn)
{
// Only assign if valid.
if ( IsValid( ssn ) )
{
_valid = true;
_ssn = ssn;

}

// Operators for this class
SSNValidator SSNValidator::operator=( const char *ssn )
{
// Only assign if valid.
if ( IsValid( ssn ) )
{
_valid = true;
_Ssn = ssn;
}
return *this;
}

SSNValidator SSNValidator::operator=( const std::string& ssn )
{
// Only assign if valid.
if ( IsValid( ssn.c_str() ) )
{
_valid = true;
_Ssn = ssn;
1
return *this;

}

SSNVaTlidator SSNValidator::operator=( const SSNValidator& aCopy )
{

_valid = aCopy._valid;

_ssn = aCopy._ssn;

return *this;
}

SSNValidator::operator const char *()
{
return _ssn.c_str();

}
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5. Save your code and close the code editor.

The file we just defined will be a real type that
you can use in your own applications to store
and validate Social Security Numbers (SSNs). You
will never again have to write code to check the
length of an entry or its contents to see whether
it could be a valid SSN value.

Create a new type for every kind of data you
will accept and process in your application.
Create a validator for the data type that can be
moved from project to project.

Note that we provided constants for both the
length of the SSN and its delimiter (see lines
marked = 1 and = 2). This allows you to easily
modify the code if the format of the SSN changes
over time. Someday you may need to change the
SSN to use more digits, or to be formatted with a
different delimiter. Preparing for this now saves
you huge amounts of time later.

Never hard-code values into your applications;
always use constants that can be easily
changed at compile-time.

LisTinG 26-3: THE TeST DRIVER CoDE

Technique 26: Doing Data Validation with Classes

Testing Your SSN Validator Class

After you create the Validator class, you should cre-
ate a test driver to ensure that your code is correct
and show people how to use your code.

Creating a test driver will illustrate the validation of
various kinds of input from the user, and will show
how the validator class is intended to be used. The
driver will contain some basic tests of the class, as
well as accepting Social Security Numbers from the
user to see whether they are valid or not.

In this example, we create a test driver that does two
things. First, it creates a standard battery of tests
that illustrates the expected good and bad entries
for the type. Second, the test driver allows the pro-
grammer to try other styles of entry to see whether
the class catches them.

1. In the code editor of your choice, reopen the
file to hold the code for your test program.

In this example, [ named the test program
ch26.cpp.

2. Append the code from Listing 26-3 into your test
driver file, substituting the names you used for
your SSN class definition where appropriate.

Better yet, copy the code you find from the
source file on this book’s companion Web site.

const char *TrueOrFalse( bool value )
{
if ( value )
return "TRUE";
return "FALSE";
}

void DoValidTest( const char *strName, SSNValidator& ssn, bool expected_result )

{
bool bValid = ssn.Valid();
printf("%s: Result %s.

Expected Result: %s. %s\n", strName,

TrueOrFalse( bValid ), TrueOrFalse( expected_result ),

( bValid == expected_result ? "PASS"

"FAIL" ) )3



int main(int argc, char **argv)
{

if ( argc < 2 )

{
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printf("Usage: ch3_15 ssnl [ssn2]...\n");

exit(l);

for ( int i=1; i<argc; ++i )
SSNValidator ssn(argv[il);
if ( ssn.Valid() )

printf("
else

printf("%s is NOT a valid Social Security Number\n",

}

// Do some generic testing.
SSNValidator ssnNULL(C NULL );

DoValidTest( "NULL Test", ssnNULL, false );

SSNValidator ssnGood("000-00-0000");

DoValidTest( "Good Test", ssnGood, true );

SSNValidator ssnBad("0000a0000");

DoValidTest( "Bad Test", ssnBad, false );

return 0;

%s is a valid Social Security Number\n",

ssn.SSN().c_str() );

argv[il );

3. Save your test driver file in the code editor and
close the code-editor program.

4., Compile the test program with your chosen
compiler and run it on your chosen operating
system.

Enter command-line arguments, such as

123456789 000-00-0000 0909 al2345678
012-03-3456

These are simply forms of the Social Security
Number, some valid and some invalid. The first one,
containing nine digits and no alphanumeric charac-
ters, will be valid. The third argument does not con-
tain nine characters and is therefore invalid. The
fourth contains an invalid character (a). The second
and fifth entries look valid, but we do not handle the
dash character, so they will be deemed invalid by the
program.

If your program is working properly, you should see
the output from the test driver as shown in Listing
26-4.

LisTinGg 26-4: OuTPuT FROM THE TEST DRIVER

$ ./a 123456789 000-00-000 0909 al2345678
01-02-2345

123456789 is a valid Social Security Number

000-00-000 is NOT a valid Social Security
Number

0909 is NOT a valid Social Security Number

al2345678 is NOT a valid Social Security

Number

01-02-2345 is NOT a valid Social Security
Number

NULL Test: Result FALSE. Expected Result:
FALSE. PASS

Good Test: Result TRUE. Expected Result:
TRUE. PASS

Bad Test: Result FALSE. Expected Result:
FALSE. PASS
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As you can see by the output, the program first
checks the input arguments from the user. As we
expected, only the first input value was valid. All
the remaining entries were invalid. The remaining
tests simply validate that known conditions work

properly.

7
(=
&

| recommend that you create generic test driv-
ers for all your validators, so when changes are
made to accommodate new formats, the driv-
ers will be prepared in advance to test them.
This will save a lot of time in the long run, and
will allow for automated testing.
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mer is working with dates. Whether you are calculating when

something is bought or sold, or validating input from the user, your
application will probably need to support dates. The standard C library
contains various routines for working with dates, such as the time and
Tocaltime functions. The problem, however, is that these routines do not
perform adequate validation — and for that matter, they are not easy to
use. It would be nice, therefore, to create a single class that implemented
all the date functionality that we wanted in our applications. By creating a
single class that can be easily ported from project to project, you will save
time in the development, design, and testing phases of the project.

One of the most common tasks that you will run into as a program-

Because dates are a fundamental building block of our applications, it
makes sense to create a single class that would manipulate them and vali-
date them. If you were to make a list of all of the basic functionality you
would like in such a class, you would probably have something like this:

v Validate dates

v Perform date math calculations
v Compute the day of the week
v Return day and month names

v Convert numeric dates to strings

Many other functions exist that would be useful, but these are the most
critical in any application. In this technique, we look at the ways you can
utilize a Date class in your own applications — and how you can imple-
ment the functionality needed to do everything on our feature list for a
Date class.

] You can save huge amounts of time by creating classes that not only
e { -a) validate input, but also manipulate it numerically. By creating a class
& that allows you to add to, or subtract from, a date in your code
directly, you do accounting calculations and timing routines in a flash,
without any additional coding.
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Creating the Date Class

Follow these steps to create your own personal Date
class:

7. In the code editor of your choice, create a new
file to hold the code for the Date class.

In this example, the file is named ch27.h,
although you can use whatever you choose.

2. Type the code from Listing 27-1 into your file.

Better yet, copy the code you find in the source
file on this book’s companion Web site. Change
the names of the constants and variables as you
choose.

LisTING 27-1: THE DATE CLASS DEFINITION

J#Hifndef CH27H_
Jtdefine CH27H_
#include <string>

const int MaxMonths = 12;

const int MaxYear = 9999;

typedef enum

{
MMDDYYYY = 0,
DDMMYYYY = 1,
YYYYMMDD = 2

} DateFormat;

class Date

{

private:
// Store dates in Julian format.
long _Jjulian;
// The month of the year (0-11)
int _month;
// The day of the month (0-30)
int _day_of_month;
// The day of the week (0-6)
int _day_of_week;
// The year of the date (0-9999)
int _year;

// A string representation of the date
std::string _string_date;

// The format to use in the date
DateFormat _format;

// See whether a given date is valid.
bool IsValid(int m, int d, int y);

// Compute the day of the week.

int DayOfWeek( int m, int d, int y );
// Convert to Julian format.

long Todulian();

// Convert from a Julian format.

void FromJulian();

// Initialize to defaults.

void Init(void);

// Make a copy of this date.

void Copy( const Date& aCopy );

// Convert to a string.
const char *ToString();

public:

// Constructors and destructors
Date();

Date( int m, int d, int y );
Date( const Date& aCopy );
Date( long julian );

virtual ~Date();

// Operators.

// Assignment operator

Date operator=( const Date& date );
// Conversion to Julian date
operator long();

// Conversion to a string

operator const char *();

// Accessors

int Month() { return _month; };

int DayOfMonth() { return
_day_of_month; };

int DayOfWeek() { return
_day_of_week; };

int Year() { return _year; };

const char *AsString() { return
_string_date.c_str(); };

DateFormat Format() { return _format; };

void setMonth( int m );

void setDayOfMonth( int _day_of_month );
void setYear( int y );

void setFormat( const DateFormat& f );

// QOperations



// Is a given year a leap year?

bool isLeapYear(int year) const;

// Is this date a leap year?

bool isleapYear(void) const;

// Return the number of days in a given

month.

int numDaysInMonth( int month, int year

)

// Return the number of days in the cur-
rent month.

int numDaysInMonth( void );

// Some useful operators for manipula-
tion
Date operator+(int numDays);
Date operator+=(int numDays);
Date operator-(int numDays);
Date operator-=(int numDays);
b

ffendif

LisTiNG 27-2: THE DATE CLasS SOURCE FiLE

3.
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Save your code in the code editor and close the
file.

The file you just created is the header and inter-
face file for the class. This is what the “public”
will see when they want to use our class. Our
next task, therefore, is to implement the function-
ality of the class itself.

In the code editor of your choice, create a new
file to hold the code for the implementation of
the Date class.

In this example, the file is named ch27.cpp,
although you can use whatever you choose.

Type the code from Listing 27-2 into your file.

Better yet, copy the code from the source file on
this book’s companion Web site. Change the
names of the constants and variables as you
choose.

These are all the constants and definitions we
will use for our class. The next step is to add the
actual implementation.

#include "ch27.h"

// Some information we need.
const char *MonthNames[] = {

"January",

"February",

"March",

"April",

"May",

"June",

"July",

"August",

"September",

"October",

"November",

"December"

int MonthDays[] =

31, 28, 31, 30, 31, 30, 31, 31, 30, 31,

(continued)
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LisTiNG 27-2 (continued)
char *DayNames[] = {
"Sunday",
"Monday",
"Tuesday",
"Wednesday",
"Thursday",
"Friday",
"Saturday"
b
J#define 0CT5_1582 (2299160L) // "really" 15-0Oct-1582
Jidefine 0CT14_1582 (2299169L) // "really" 4-0ct-1582
Jidefine JAN1_1 (1721423L)
J#define YEAR (365)
jidefine FOUR_YEARS (1461)
j#define CENTURY (36524L)
jtdefine FOUR_CENTURIES (146097L)
static int DaysSoFar[][13] =

{
{0, 31, 59, 90, 120, 151, 181,
{0, 31, 60, 91, 121, 152, 182,
} .

B

212,
213,

243, 273, 304, 334, 365},
244, 274, 305, 335, 366!

Implementing the Date
Functionality

After we have the class defined, it is time to imple-
ment the actual functionality for that class. In this

LisTiNG 27-3:

THe DATE FUNCTIONALITY

case, we want to add all of the logic for manipulating
and defining dates. Let’s do that now.

1. Reopen the Date class source file (which we
called ch27.cpp). Add the code from Listing
27-3 to the file.

void Date::Copy( const Date& aCopy )

{

_Jjulian = aCopy._julian;

_month = aCopy._month;
_day_of_month = aCopy._day_of_month;
_day_of_week = aCopy._day_of_week;
_year = aCopy._year;

_format = aCopy._format;
_string_date = aCopy._string_date;

}

void Date::Init()



}
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_Jjulian = 0;

_month = 1;

_day_of_month = 1;
_day_of_week = 0;

_year = 2004;

_format = MMDDYYYY;
_string_date = AsString();

int Date::DayOfWeek( int m, int d, int y)

{

}

_day_of_week = ((_julian + 2) % 7 + 1);
return day_of_week;

bool Date::IsValid(int m, int d, int y)

{

}

// Check the year.

if Cy <0 ||y > MaxYear )
return false;

// Do the month.

if (m<1 || m> MaxMonths )
return false;

// Finally, do the day of the month. First, the easy check...

if (d<1l || d>31)

return false;
// Now, check the days per THIS month.
int daysPerMonth = MonthDays[ m 1;
if ( islLeapYear( y ) )

if (m==2)

daysPerMonth ++;

if ( d > daysPerMonth )

return false;

// Looks good.
return true;

long Date::Todulian()

{

int a;

int work_year=_year;
Tong Js

int 1p;

// Correct for negative year (-1 = 1BC

if (work_year < 0)
work_year++;

Ip = !(work_year & 3); /7 1p

year 0).

1 if this is a leap year.

(continued)
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LisTiNG 27-3 (continued)

}

j =
((work_year-1) / 4) + // Plus ALL leap years...
DaysSoFar[1p]l[_month-1] +
_day_of_month +
(work_year * 365L) + // Days in years

JAN1_1 +
-366; // adjustments

// Deal with Gregorian calendar
if (j >= 0CT14_1582)
{

3}
I

(int)(work_year/100);
jt 2 - a+ a/d; // Skip days that didn't exist.

[
I

}

_Jjulian = j;
return _julian;

void Date::FromJulian()

{

long Z,Y;
short m,d;
int 1p;
z = _julian+l;

if (z >= 0CT5_1582)
{

z -= JAN1_1;

z =2z + (z/CENTURY) - (z/FOUR_CENTURIES) -2;

z += JAN1_1;
1
z =z - ((z-YEAR) / FOUR_YEARS); // Remove Teap years before the current year.
y =z / YEAR;

d = (short) (z - (y * YEAR))

y =y - 4712; // This is our base year in 4713 B.C.
if (y < 1)
Y-
Ip = Iy & 3); // 1p =1 if this is a leap year.
if (d==0)
{
v

d = (short) (YEAR + 1p);
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m = (short) (d/30); // This is a guess at the month.

while (DaysSoFar[1pI[m] >=d)
m--; // Correct guess.

d = (short) (d - DaysSoFar[1p]Ilml);

_day_of_month = d;
_month = (short) (m+1);
if ( _month > 12 )
{
_month = 1;
y ++;
}
_year = (short) y;
_day_of_week = DayOfWeek( _month, _day_of_month, _year );
}

Date::Date()
{
Init();
ToString();
}

Date::Date( int m, int d, int y )
{
Init();
if ( IsValid( m, d, y ) )
{
_day_of_month = d;
_month = m;
_year =y;
_Jjulian = Todulian();
ToString();
_day_of_week = DayOfWeek( _month, _day_of_month, _year );

}

Date::Date( const Date& aCopy )
{

Init();

Copy( aCopy );
}

Date::Date( long julian )
{
Init();
_julian = julian;
FromJulian();
ToString();

(continued)
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LisTiNG 27-3 (continued)

Date::~Date()
{

Init();
}

Date Date::operator=( const Date& date )
{

Copy( date );

return *this;
}

// Conversion to Julian date
Date::operator long()
{
return _julian;
1

// Conversion to a string
Date::operator const char *()
{

return _string_date.c_str();
1

void Date::setMonth( int m )
{
if (m<O0 || m>MaxMonths )
return;
_month = m;
1

void Date::setDay0OfMonth( int d )
{
if (d<1|]d>31)
return;
// Now check the days per THIS month.
int daysPerMonth = MonthDays[ _month 1;
if ( islLeapYear( _year ) )
if ( _month == 2 )
daysPerMonth ++;
if (d > daysPerMonth )
return;

_day_of_month = d;
1

void Date::setYear( int y )
{
if Cy <0 ||y > MaxYear )
return;

_year =Yy,
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void Date::setFormat( const DateFormat& f )
{

_format = f;
}

bool Date::islLeapYear( void ) const
{
return ( (_year >= 1582) ?
(_year % 4 == && _year % 100 !=0 || _year % 400 == 0 ):
(_year % 4 == 0) )
}

bool Date::isleapYear( int year ) const
{
return ( (year >= 1582) ?
(year % 4 == && year % 100 != 0 || year % 400 == 0 ):
(year % 4 == 0) )
}

// Return the number of days in a given month.
int Date::numDaysInMonth( int m, int y )
{

// Validate the input.

// Check the year.

if Cy <0 ||y > MaxYear )
return -1;

// Do the month.

if (m<1 [] m>MaxMonths )
return -1;

int daysPerMonth = MonthDays[ m 1;
if ( islLeapYear( y ) )
if (m==2)
daysPerMonth ++;

return daysPerMonth;
}

// Return the number of days in the current month.
int Date::numDaysInMonth( void )
{
int daysPerMonth = MonthDays[ _month J1;
if ( islLeapYear( _year ) )
if ( _month == 2 )
daysPerMonth ++;

return daysPerMonth;
}

Date Date::operator+(int numDays)
{

(continued)



’5 8 Technique 27: Building a Date Class

LisTiNG 27-3 (continued)

long j = _julian;
j += numDays;
Date d(j);
return d;

1

Date Date::operator+=(int numDays)

{
_julian += numDays;
Fromdulian();
ToString();
return *this;

}

Date Date::operator-(int numDays)

{
long j = _julian;
Jj -= numDays;
Date d(j):
return d;

}

Date Date::operator-=(int numDays)

{
_julian -= numDays;
Fromdulian();
ToString();
return *this;

}

const char *Date::ToString()
{
char szBuffer[ 256 1;

switch ( _format )
{
case MMDDYYYY:
sprintf(szBuffer,
break;
case DDMMYYYY:
sprintf(szBuffer,
break;
case YYYYMMDD:
sprintf(szBuffer,
break;
default:
sprintf(szBuffer,
break;

_string_date = szBuffer;

"%02d/%02d/%02d", _month, _day_of_month, _year

"%02d/%02d/%02d", _day_of_month, _month, _year

"%02d/%02d/%02d", _year, _month, _day_of_month

"%02d/%02d/%02d", _month, _day_of_month, _year

return _string_date.c_str();




Now, this is a lot of code to deal with. Not to
worry — the code breaks down into three sepa-
rate pieces:

» Initialization code (shown at = 1) either
sets or gets our individual member variables
and initializes them to reasonable defaults.

» Validation code (shown at = 2) checks to see
whether or not the input data is reasonable,
given the rules and the current settings.

» Algorithmic code (shown at = 3 and = 4)
does the actual date manipulation and
calculations.

2. Save the source-code file and close the code
editor.

Always break your classes into discrete initial-
ization, validation, and calculation pieces. This
saves you time by focusing your efforts on
what needs to be done, rather than worrying
about how to do it.
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3. Compile the test code to make sure that you have
all of the code properly entered and correct.

Testing the Date Class

As with any other utility class, after you have the code
written for the class, you must be able to provide a
test driver for that class. The following steps show you
how to create a test driver that illustrates that the
code is working properly — and shows other program-
mers how to use the class in their own applications.

1. In the code editor of your choice, create a new
file to hold the code for the test driver.

In this example, the file is named ch27.cpp,
although you can use whatever you choose.

2. Type the code from Listing 27-4 into your file.

Better yet, copy the code from the source file on
this book’s companion Web site. Change the
names of the constants and variables as you

choose.
LisTiING 27-4: THE DATE TesT DRIVER CODE.
#include <stdio.h>
#include "date.h"
void DumpDate( Date& d )
{
printf("Date:\n");
printf("As String: %s\n", d.AsString() );
printf("Month: %d\n", d.Month() );
printf("Day : %d\n", d.DayOfMonth() );
printf("Day of Week: %d\n", d.DayOfWeek() );
printf("Year: %d\n", d.Year() );
printf("Leap Year: %s\n", d.islLeapYear() ? "Yes" : "No" );

printf("Number of days in this month: %d\n",

}

int main()

{
// Initialized date to no values.
Date dl;

d.numDaysInMonth() );

(continued)
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LisTiNG 27-4 (continued)

// Initialize to the end of the year to test edge cases.

Date d2(12,31,2004);

// Print out the dates as strings for testing.
printf("Dl as string: %Zs\n", dl.AsString() );
printf("D2 as string: %s\n", d2.AsString() );

// Test year wrap and the operator +=.
d2 += 1;

printf("D2 as string: %Zs\n", d2.AsString() ); —> 6
// Test backward year wrap and the operator -=.
d2 -=1;
printf("D2 as string: %Zs\n", d2.AsString() );
// Test the assignment operator.
Date d3 = d2;
// Check to see whether the class works properly for
// assigned objects.
d3 -= 10;
printf("D3 as string: %Zs\n", d3.AsString() );
// Validate the day of the week.
Date d4 (7,27,2004);
printf("D4, day of week = %d\n", d4.DayOfWeek() );
// Test the pieces of the date.
Date db;
d5.setMonth( 11 );
d5.setDay0fMonth( 31 );
d5.setYear( 2004 );
d5.setFormat( YYYYMMDD );
DumpDate( d5 );
return 0;
}
3. Save the code as a file in your editor and close ;1./a.e>t<e' 01/01/2004 S5
. as string:
the code editor. D2 as string: 12/31/2004
4. Compile and run the application. D2 as string: 01/01/2005
D2 as string: 12/31/2004
If you have done everything properly and the code is Bi aZaStg;”‘iéeizizé/zom =7
working correctly, you should see output that looks Date: Y

like this:

As String:

2004/12/31



Month: 12

Day : 31

Day of Week: 0
Year: 2004

Leap Year: Yes
Number of days in this month: 31

There are some important things to take away from
this output. First, look at the line marked =5 in the
output listing. This line is output for the date object
which is defined with the void constructor. As you
can see, the object is properly initialized with a valid
date. Next, let’s look at the line marked with = 6.
This line is output after we added one day to the
12/31/2004 date. Obviously, this forces the date to
wrap to the next year, which we can verify by looking
at the output, showing 01/01/2005. We can also

verify, by looking at a calendar, that the date shown at
— 7 really does fall on a Tuesday (the 3 in the
output). Finally, we run some simple tests to verify
that the number of days in the month is correct for
December, that the pieces of the date are parsed
properly, and that the leap year calculation is correct.

All of this output data allows us to validate that our
class works properly and that the functionality can
easily be moved from project to project. This will
save us a lot of time, and allow us to design our pro-
grams with the date functionality already built.

you exercise all of the functionality in the ways
your class is most likely to be used — not just
the ways that make sense to you at the time.
Our tests verified that the date math, format-
ting, and accessor methods all worked properly.

z When you are testing a class, make sure that
<
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Some Final Thoughts
on the Date Class

As you can see, our Date class is really very useful.
However, it could easily be made more useful. For
example, you could allow the user to pass in a string
to be parsed into its date components, thus solving
a common programming problem. Another possible
enhancement would be to initialize the default con-
structor to be the current date. Finally, it would be
nice to have the date strings, such as the month and
day names, within the class itself and accessible.
This would protect them from access by program-
mers from outside the class. In addition, it could
allow us to read them from a file, or get them from
some internal resource, to provide internationaliza-
tion without forcing the end user to know where the
data is stored.

If you store literal string information in a class,
make sure that the programmer can replace it
from outside the class. This will allow the
developers to put in their own descriptions,
change the text for internationalization, or just
modify the text to fit their needs.



Overriding
Functionality with

fechnigie  Virtual Methods

Save Time By
v~ Using factory patterns
v~ Building a manager class

v~ Testing the manager
class

factory pattern. It’s an approach to developing software that works

like a factory: You create objects from a single model of a particu-
lar object type, and the model defines what the objects can do. Generally,
the way this works is that you create a factory class that allocates, de-
allocates, and keeps track of a certain base class of objects. This factory
class really only understands how to manage the object type that forms a
base for all other objects in the class tree. However, through the magic of
virtual methods, it is able to manage all of the objects. Let’s take a look at
how this works. By creating a single factory, using virtual methods that
processes a variety of types of objects, we will save time by not having to
reimplement this processing each time we need it.

O ne of the most common “patterns” of software development is the

First, we have a class that manages a given base class of objects — it’s
called a factory. Its uses virtual methods to manage objects — that is, to
add new objects, remove them, return them to the user, and report on
which ones are in use and not in use.

Next, we have a set of derived classes. These override the functionality of
the base class by using virtual methods to accomplish different tasks. As an
example, consider the idea of a variety of different kinds of classes to read
various types of files. We would have a base class, which might be called a
FileProcessor class. Our manager would be a FileProcessorManager class.
The manager would create various FileProcessors, based on the file type
that was needed, creating them if necessary or returning one that was not
currently in use.

7 When you implement a common base class, set up an object pool to
e («a manage the objects based on it. That way you can always keep track
&

easily of how they are created and destroyed.
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C reati nq a Factory C (a SS 1. In the code editor of your choice, create a new

file to hold the code for the implementation of

the fact de.
The first step toward managing and processing ¢ factory code

objects is to create a factory class that works with a In this example, the file is named ch28.cpp,
generic base class. The following steps show you although you can use whatever you choose.
how to create such a class that u‘tilizes virtgal meth- 2. Type the code from Listing 28-1 into your file.
ods to create, add, and delete objects. In this case,

we create a base class called 0bject from which all Better yet, copy the source file from this book’s
of our managed objects will be derived. companion Web site and change the names of

the constants and variables as you choose.

LisTinG 28-1: THE BASe-CLASS SouRce CoDE

#include <stdio.h>
ffinclude <string>
##include <vector>

class Object
{

private:
std::string _name;
bool _inUse;
public:
Object(void)

{
_name = "Object";
_inUse = false;
}
Object( const char *name )
{
_name = name;
_inUse = false;
1
Object( const 0Object& aCopy )
{
_name = aCopy._name;
_inUse = aCopy._inUse;
}
virtual ~0bject()
{
}
virtual void MarkInUse( bool bFlag )
{
_inUse = bFlag;
1
virtual bool InUse( void )
{
return _inUse;
}

(continued)
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LisTiNG 28-1 (continued)

virtual const char *Name(void)
{
return _name.c_str();
}
virtual void Report() = 0;
Vs

class MyObjectl : public Object
{
public:
MyObjectl()
: Object ("MyObjectl")
{
}
virtual void Report()
{
printf("I am a MyObjectl QObject\n");
}
Vs

class MyObjectZ? : public Object
{
public:
MyObject2()
: Object ("MyObject2")
{
}
virtual void Report()
{
printf("I am a MyObjectZ QObject\n");
}
s

class MyObject3 : public Object
{
public:
MyObject3()
: Object ("MyObject3")
{
}
virtual void Report()
{
printf("I am a MyObject3 Object\n");
}
Vs

class Factory
{
private:
std::vector< Object *> _objects;
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public:
Factory()
{
}
// Method to add an object to the pool
virtual void Add( Object *obj )
{
obj->MarkInUse( true );
_objects.insert( _objects.end(), obj );
}
// Method to retrieve an object not in use
virtual Object *Get( void )
{
std::vector< Object *>::iterator iter;

for ( iter = _objects.begin(); iter != _objects.end(); ++iter )
{
if ( (*iter)->InUse() == false )
{
printf("Found one\n");

// Mark it in use
(*iter)->MarkInUse( true );
// And give it back

return (*iter);

}

// Didn't find one.
return NULL;
}

virtual void Remove( Object *obj )

{
std::vector< Object *>::iterator iter;

for ( iter = _objects.begin(); iter != _objects.end(); ++iter )
{
if ( (*iter) == obj )
{
(*iter)->MarkInUse( false );
break;

virtual void Report() =1

{
std::vector< Object *>::iterator iter;

(continued)
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LisTiNG 28-1 (continued)

for ( iter = _objects.begin(); iter != _objects.end(); ++iter )

{
if ( (*iter)->InUse() == true )
{
printf("Object at %1x in use\n",
}
else
{

(*iter) );

printf("0Object at %1x NOT in use\n",

}
(*iter)->Report();

(*iter) );

3. Save the file to disk and close the code editor.

4. Compile the application on the operating system
of your choice, using your chosen compiler.

Always implement a method that can report on
the state of an object of each class. This allows
you to do quick memory dumps at any time,
via the factory for each base class. This class can
be used by a factory class to report status, and
can be overridden via virtual methods to
extend that status reporting for derived classes.

Testing the Factory

After you create a class, you should create a test
driver that not only ensures that your code is cor-
rect, but also shows people how to use your code.
The following steps show you how to create a simple
test driver to illustrate how the factory class inter-
acts with the derived objects via virtual methods.

1. In the code editor of your choice, open the
source file to hold the code for the test driver.

In this example, the file is named ch28. cpp,
although you can use whatever you choose.

Type the code from Listing 28-2 into your file.

Better yet, copy the code from the source file on
this book’s companion Web site and change the
names of the constants and variables as you
choose.

LisTING 28-2: THE TesT DRIVER FOR THE FACTORY OBJECT

int main()

{

// Implement an object factory object
Factory f;

// Add some objects to the factory
MyObjectl *objl = new MyObjectl;
MyObject?2 *obj2 = new MyObject?;
MyObject3 *0bj3 = new MyObject3;

f.Add( objl );
f.Add( obj2 );
f.Add( obj3 );

// Remove one to simulate the destruc-
tion of an object
f.Remove( objl );

// Now try to get a new one back.
Object *pObject = f.Get();
printf("I got back a %s object\n",
pObject->Name() );



// Generate a report to see what is in
use.
f.Report();

3. Save the file and close the code editor.

4. Compile the entire program and run it in the
operating system of your choice.

You should see the following output if you have
done everything right. Note that depending on
your operating system and hardware, the actual
numbers shown for addresses will vary.

$ ./a.exe

Found one

I got back a MyObjectl object
Object at a050230 in use

I am a MyObjectl Object
Object at a050008 in use

I am a MyObject2 Object
Object at a050638 in use

I am a MyObject3 Object

This output shows us that the manager is keeping
track of our various base 0bject-derived classes and
creating them only when necessary. As you can see,
the virtual methods permit us to create the proper
type for this particular derived class and to create
them as needed.

As you can see, the factory manager can handle all
sorts of different kinds of objects — as long as they
are derived from a common base class. In addition,
our virtual methods can be used to differentiate the
objects to let other programmers know what we
can do.
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Enhancing the Manager Class

One way you might consider enhancing the manager
class is to extend it by letting it allocate its own
objects. As the code stands, the manager manages
only the objects that are added to its list. It cannot
create new ones as they are needed. If all of the
allocations were done in one place, tracking down
problems with memory leaks, allocation errors, and
usage patterns would be vastly simpler. This could
be done in a variety of ways, from registering a
“constructor” function that would be passed to the
manager, to adding code to create specific forms of
the objects. The latter case is easier, the former case
more extensible and flexible.

If you want another bit of programming fun, you can
add another good feature to add to the manager:
Implement a method that would delete all objects in
the class, notifying the objects if necessary. This
“clean” method could be called at program shut-
down, in order to guarantee that there are no mem-
ory leaks in the application. In addition, you could
use the Report method (shown in Listing 28-1 at = 1)
at various times in your application to ensure that
you are not leaving orphan objects in the system
that are not eventually de-allocated.

There is one other way to implement a man-
ager, which is worth a mention. You can create
a manager that is a friend class to all of the
classes it needs to manage. If you use this
technique, you should create a method within
the managed class that knows how to “clone”
itself. This would essentially be a method that
allocated a new obiject, called its copy construc-
tor with itself as an argument, and returned the
newly created object to the manager. With this
technique, the manager doesn’'t need to worry
about how to create objects; all it has to do is
find the ones it manages in its list.



Using Mix-In
Classes

Technique

Save Time By

v~ Understanding mix-in
classes

v~ Implementing mix-in
classes

+~ Testing your code

with inheritance, however, is that you must either give the end-user

access to all public methods of a class — or override them privately to
“hide” them from use by the end-user. C++ takes an all-or-nothing
approach to the derivation of classes wi