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Chapter 1

Introduction to Programming

1.1 A Brief History of C++
Computer languages have undergone dramatic evolution since the first electronic computers

were built to assist in telemetry calculations during World War 11. Early on, programmers
worked with the most primitive computer instructions: machine language. These instructions
were represented by long strings of ones and zeroes. Soon, assemblers were invented to map
machine instructions to human-readable and -manageable mnemonics, such as ADD and MOV.
In time, higher-level languages evolved, such as BASIC and COBOL. These languages let
people work with something approximating words and sentences, such as Let | = 100. These
instructions were translated back into machine language by interpreters and compilers. An
interpreter translates a program as it reads it, turning the program instructions, or code, directly
into actions. A compiler translates the code into an intermediary form. This step is called
compiling, and produces an object file. The compiler then invokes a linker, which turns the
object file into an executable program.

Because interpreters read the code as it is written and execute the code on the spot, interpreters
are easy for the programmer to work with. Compilers, however, introduce the extra steps of
compiling and linking the code, which is inconvenient. Compilers produce a program that is very
fast each time it is run. However, the time-consuming task of translating the source code into
machine language has already been accomplished.

Another advantage of many compiled languages like C++ is that you can distribute the
executable program to people who don't have the compiler. With an interpretive language, you
must have the language to run the program.

For many years, the principle goal of computer programmers was to write short pieces of code
that would execute quickly. The program needed to be small, because memory was expensive,
and it needed to be fast, because processing power was also expensive. As computers have
become smaller, cheaper, and faster, and as the cost of memory has fallen, these priorities have
changed. Today the cost of a programmer's time far outweighs the cost of most of the computers

in use by businesses. Well-written, easy-to-maintain code is at a premium. Easy- to-maintain



means that as business requirements change, the program can be extended and enhanced without

great expense.

1.2 Programs
The word program is used in two ways: to describe individual instructions, or source code,

created by the programmer, and to describe an entire piece of executable software. This
distinction can cause enormous confusion, so we will try to distinguish between the source code

on one hand, and the executable on the other.

New Term: A program can be defined as either a set of written instructions created by a

programmer or an executable piece of software.

Source code can be turned into an executable program in two ways: Interpreters translate the
source code into computer instructions, and the computer acts on those instructions immediately.
Alternatively, compilers translate source code into a program, which you can run at a later time.
While interpreters are easier to work with, most serious programming is done with compilers

because compiled code runs much faster. C++ is a compiled language.

Solving Problems

The problems programmers are asked to solve have been changing. Twenty years ago, programs
were created to manage large amounts of raw data. The people writing the code and the people
using the program were all computer professionals. Today, computers are in use by far more
people, and most know very little about how computers and programs work. Computers are tools
used by people who are more interested in solving their business problems than struggling with
the computer.

Ironically, in order to become easier to use for this new audience, programs have become far
more sophisticated. Gone are the days when users typed in cryptic commands at esoteric
prompts, only to see a stream of raw data. Today's programs use sophisticated "user-friendly
interfaces,” involving multiple windows, menus, dialog boxes, and the myriad of metaphors with
which we've all become familiar. The programs written to support this new approach are far

more complex than those written just ten years ago.



As programming requirements have changed, both languages and the techniques used for writing
programs have evolved. While the complete history is fascinating, this book will focus on the

transformation from procedural programming to object-oriented programming.
Procedural, Structured, and Object-Oriented Programming

Until recently, programs were thought of as a series of procedures that acted upon data. A
procedure, or function, is a set of specific instructions executed one after the other. The data was
quite separate from the procedures, and the trick in programming was to keep track of which
functions called which other functions, and what data was changed. To make sense of this
potentially confusing situation, structured programming was created.
The principle idea behind structured programming is as simple as the idea of divide and conguer.
A computer program can be thought of as consisting of a set of tasks. Any task that is too
complex to be described simply would be broken down into a set of smaller component tasks,
until the tasks were sufficiently small and self-contained enough that they were easily
understood.
As an example, computing the average salary of every employee of a company is a rather
complex task. You can, however, break it down into these subtasks:

1. Find out what each person earns.

2. Count how many people you have.

3. Total all the salaries.

4. Divide the total by the number of people you have.
Totaling the salaries can be broken down into

1. Get each employee's record.

2. Access the salary.

3. Add the salary to the running total.



4. Get the next employee's record.
In turn, obtaining each employee's record can be broken down into

1. Open the file of employees.

2. Go to the correct record.

3. Read the data from disk.
Structured programming remains an enormously successful approach for dealing with complex
problems. By the late 1980s, however, some of the deficiencies of structured programing had
became all too clear.
First, it is natural to think of your data (employee records, for example) and what you can do
with your data (sort, edit, and so on) as related ideas.
Second, programmers found themselves constantly reinventing new solutions to old problems.
This is often called "reinventing the wheel,” and is the opposite of reusability. The idea behind
reusability is to build components that have known properties, and then to be able to plug them
into your program as you need them. This is modeled after the hardware world--when an
engineer needs a new transistor, she doesn't usually invent one, she goes to the big bin of
transistors and finds one that works the way she needs it to, or perhaps modifies it. There was no

similar option for a software engineer.

New Term: The way we are now using computers--with menus and buttons and

windows--fosters a more interactive, event-driven approach to computer programming.
Event-driven means that an event happens--the user presses a button or chooses from a
menu--and the program must respond. Programs are becoming increasingly interactive,

and it has became important to design for that kind of functionality.

Old-fashioned programs forced the user to proceed step-by-step through a series of screens.

Modern event-driven programs present all the choices at once and respond to the user's actions.



Object-oriented programming attempts to respond to these needs, providing techniques for
managing enormous complexity, achieving reuse of software components, and coupling data
with the tasks that manipulate that data.

The essence of object-oriented programming is to treat data and the procedures that act upon the
data as a single "object"--a self-contained entity with an identity and certain characteristics of its

own.

C++ and Object-Oriented Programming

C++ fully supports object-oriented programming, including the four pillars of object-oriented
development: encapsulation, data hiding, inheritance, and polymorphism. Encapsulation and
Data Hiding When an engineer needs to add a resistor to the device she is creating, she doesn't
typically build a new one from scratch. She walks over to a bin of resistors, examines the colored
bands that indicate the properties, and picks the one she needs. The resistor is a "black box" as
far as the engineer is concerned--she doesn't much care how it does its work as long as it
conforms to her specifications; she doesn't need to look inside the box to use it in her design.
The property of being a self-contained unit is called encapsulation. With encapsulation, we can
accomplish data hiding. Data hiding is the highly valued characteristic that an object can be used
without the user knowing or caring how it works internally. Just as you can use a refrigerator
without knowing how the compressor works, you can use a well-designed object without
knowing about its internal data members.

Similarly, when the engineer uses the resistor, she need not know anything about the internal
state of the resistor. All the properties of the resistor are encapsulated in the resistor object; they
are not spread out through the circuitry. It is not necessary to understand how the resistor works
in order to use it effectively. Its data is hidden inside the resistor's casing.

C++ supports the properties of encapsulation and data hiding through the creation of user-
defined types, called classes. Once created, a well-defined class acts as a fully encapsulated
entity--it is used as a whole unit. The actual inner workings of the class should be hidden. Users
of a well-defined class do not need to know how the class works; they just need to know how to
use it. Inheritance and Reuse When the engineers at Acme Motors want to build a new car, they
have two choices: They can start from scratch, or they can modify an existing model. Perhaps
their Star model is nearly perfect, but they'd like to add a turbocharger and a six-speed
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transmission. The chief engineer would prefer not to start from the ground up, but rather to say,
"Let's build another Star, but let's add these additional capabilities. We'll call the new model a
Quasar." A Quasar is a kind of Star, but one with new features.

C++ supports the idea of reuse through inheritance. A new type, which is an extension of an
existing type, can be declared. This new subclass is said to derive from the existing type and is
sometimes called a derived type. The Quasar is derived from the Star and thus inherits all its
qualities, but can add to them as needed. Inheritance and its application in C++ are discussed on
Day 12, "Inheritance,” and Day 15, "Advanced Inheritance.” Polymorphism The new Quasar
might respond differently than a Star does when you press down on the accelerator. The Quasar
might engage fuel injection and a turbocharger, while the Star would simply let gasoline into its
carburetor. A user, however, does not have to know about these differences. He can just "floor
it," and the right thing will happen, depending on which car he's driving.

C++ supports the idea that different objects do "the right thing"” through what is called function

polymorphism and class polymorphism. Poly means many, and morph means form.

How C++ Evolved

As object-oriented analysis, design, and programming began to catch on, Bjarne Stroustrup took
the most popular language for commercial software development, C, and extended it to provide
the features needed to facilitate object-oriented programming. He created C++, and in less than a
decade it has gone from being used by only a handful of developers at AT&T to being the
programming language of choice for an estimated one million developers worldwide. It is
expected that by the end of the decade, C++ will be the predominant language for commercial
software development.

While it is true that C++ is a superset of C, and that virtually any legal C program is a legal C++
program, the leap from C to C++ is very significant. C++ benefited from its relationship to C for
many years, as C programmers could ease into their use of C++. To really get the full benefit of
C++, however, many programmers found they had to unlearn much of what they knew and learn

a whole new way of conceptualizing and solving programming problems.

The ANSI Standard

The Accredited Standards Committee, operating under the procedures of the American National

Standards Institute (ANSI), is working to create an international standard for C++.
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The draft of this standard has been published, and a link is available at
www.libertyassociates.com.

The ANSI standard is an attempt to ensure that C++ is portable--that code you write for
Microsoft's compiler will compile without errors, using a compiler from any other vendor.
Further, because the code in this book is ANSI compliant, it should compile without errors on a
Mac, a Windows box, or an Alpha.

For most students of C++, the ANSI standard will be invisible. The standard has been stable for a
while, and all the major manufacturers support the ANSI standard. We have endeavored to

ensure that all the code in this edition of this book is ANSI compliant.

Should | Learn C First?

The question inevitably arises: "Since C++ is a superset of C, should I learn C first?" Stroustrup
and most other C++ programmers agree. Not only is it unnecessary to learn C first, it may be
advantageous not to do so. This book attempts to meet the needs of people like you, who come to
C++ without prior experience of C. In fact, this book assumes no programming experience of

any kind.

Preparing to Program

C++, perhaps more than other languages, demands that the programmer design the program
before writing it. Trivial problems, such as the ones discussed in the first few chapters of this
book, don't require much design. Complex problems, however, such as the ones professional
programmers are challenged with every day, do require design, and the more thorough the
design, the more likely it is that the program will solve the problems it is designed to solve, on
time and on budget. A good design also makes for a program that is relatively bug-free and easy
to maintain. It has been estimated that fully 90 percent of the cost of software is the combined
cost of debugging and maintenance. To the extent that good design can reduce those costs, it can
have a significant impact on the bottom-line cost of the project.

The first question you need to ask when preparing to design any program is, "What is the
problem I'm trying to solve?" Every program should have a clear, well-articulated goal, and
you'll find that even the simplest programs in this book do so.

The second question every good programmer asks is, "Can this be accomplished without

resorting to writing custom software?" Reusing an old program, using pen and paper, or buying
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software off the shelf is often a better solution to a problem than writing something new. The
programmer who can offer these alternatives will never suffer from lack of work; finding less-
expensive solutions to today's problems will always generate new opportunities later.
Assuming you understand the problem, and it requires writing a new program, you are ready to

begin your design.

Your Development Environment

This book makes the assumption that your computer has a mode in which you can write directly
to the screen, without worrying about a graphical environment, such as the ones in Windows or
on the Macintosh.

Your compiler may have its own built-in text editor, or you may be using a commercial text
editor or word processor that can produce text files. The important thing is that whatever you
write your program in, it must save simple, plain-text files, with no word processing commands
embedded in the text. Examples of safe editors include Windows Notepad, the DOS Edit
command, Brief, Epsilon, EMACS, and vi. Many commercial word processors, such as
WordPerfect, Word, and dozens of others, also offer a method for saving simple text files.

The files you create with your editor are called source files, and for C++ they typically are
named with the extension .CPP, .CP, or .C. In this book, we'll name all the source code files with
the .CPP extension, but check your compiler for what it needs.

NOTE: Most C++ compilers don't care what extension you give your source code, but if you
don't specify otherwise, many will use .CPP by default.

DO use a simple text editor to create your source code, or use the built-in editor that comes with
your compiler. DON'T use a word processor that saves special formatting characters. If you do
use a word processor, save the file as ASCII text. DO save your files with the .C, .CP, or .CPP
extension. DO check your documentation for specifics about your compiler and linker to ensure

that you know how to compile and link your programs.



Compiling the Source Code

Although the source code in your file is somewhat cryptic, and anyone who doesn't know C++
will struggle to understand what it is for, it is still in what we call human-readable form. Your
source code file is not a program, and it can't be executed, or run, as a program can.

To turn your source code into a program, you use a compiler. How you invoke your compiler,
and how you tell it where to find your source code, will vary from compiler to compiler; check
your documentation. In Borland's Turbo C++ you pick the RUN menu command or type

tc <filename>

from the command line, where <filename> is the name of your source code file (for example,
test.cpp). Other compilers may do things slightly differently.

NOTE: If you compile the source code from the operating system's command line, you should
type the following:

For the Borland C++ compiler: bcc <filename>

For the Borland C++ for Windows compiler: bcc <filename>

For the Borland Turbo C++ compiler: tc <filename>

For the Microsoft compilers: cl <filename>

After your source code is compiled, an object file is produced. This file is often named with the
extension .OBJ. This is still not an executable program, however. To turn this into an executable

program, you must run your linker.

Creating an Executable File with the Linker

C++ programs are typically created by linking together one or more OBJ files with one or more
libraries. A library is a collection of linkable files that were supplied with your compiler, that you
purchased separately, or that you created and compiled. All C++ compilers come with a library
of useful functions (or procedures) and classes that you can include in your program. A function

is a block of code that performs a service, such as adding two numbers or printing to the screen.



A class is a collection of data and related functions; we'll be talking about classes a lot, starting
on chapter 5, "Functions."
The steps to create an executable file are

1. Create a source code file, with a .CPP extension.

2. Compile the source code into a file with the .OBJ extension.

3. Link your OBJ file with any needed libraries to produce an executable program.

The Development Cycle

If every program worked the first time you tried it, that would be the complete development
cycle: Write the program, compile the source code, link the program, and run it. Unfortunately,
almost every program, no matter how trivial, can and will have errors, or bugs, in the program.
Some bugs will cause the compile to fail, some will cause the link to fail, and some will only
show up when you run the program.

Whatever type of bug you find, you must fix it, and that involves editing your source code,
recompiling and relinking, and then rerunning the program. This cycle is represented in Figure

1.1, which diagrams the steps in the development cycle.

Figure 1.1. The steps in the development of a C++ program.

HELLO.CPPYour First C++ Program

Traditional programming books begin by writing the words Hello World to the screen, or a
variation on that statement. This time-honored tradition is carried on here.

Type the first program directly into your editor, exactly as shown. Once you are certain it is
correct, save the file, compile it, link it, and run it. It will print the words Hello World to your
screen. Don't worry too much about how it works; this is really just to get you comfortable with

the development cycle.

WARNING: The following listing contains line numbers on the left. These numbers are for
reference within the book. They should not be typed in to your editor. For example, in line 1 of
Listing 1.1, you should enter:
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#include <iostream.h>

Listing 1.1. HELLO.CPP, the Hello World program.

1: #include <iostream.h>

2:

3: int main()

4. {

5. cout << "Hello World\n";
6: return O;

7:}

Make certain you enter this exactly as shown. Pay careful attention to the punctuation. The <<'in
line 5 is the redirection symbol, produced on most keyboards by holding the Shift key and
pressing the comma key twice. Line 5 ends with a semicolon; don't leave this off!

Also check to make sure you are following your compiler directions properly. Most compilers
will link automatically, but check your documentation. If you get errors, look over your code
carefully and determine how it is different from the above. If you see an error on line 1, such as
cannot find file iostream.h, check your compiler documentation for directions on setting up your
include path or environment variables. If you receive an error that there is no prototype for main,
add the line int main(); just before line 3. You will need to add this line before the beginning of
the main function in every program in this book. Most compilers don't require this, but a few do.
Your finished program will look like this:

: #include <iostream.h>

1

2

3

4: int main();
5:{

6: cout <<"Hello World'\n";

7:  return O;

8:}

Try running HELLO.EXE; it should write
Hello World!
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directly to your screen. If so, congratulations! You've just entered, compiled, and run your first
C++ program. It may not look like much, but almost every professional C++ programmer started

out with this exact program.

Compile Errors

Compile-time errors can occur for any number of reasons. Usually they are a result of a typo or
other inadvertent minor error. Good compilers will not only tell you what you did wrong, they'll
point you to the exact place in your code where you made the mistake. The great ones will even
suggest a remedy!

You can see this by intentionally putting an error into your program. If HELLO.CPP ran
smoothly, edit it now and remove the closing brace on line 6. Your program will now look like
Listing 1.2.

Listing 1.2. Demonstration of compiler error.

1: #include <iostream.h>

2:

3: int main()

4: {

5: cout << "Hello World\n";

6: return O;

Recompile your program and you should see an error that looks similar to the following:
Hello.cpp, line 5: Compound statement missing terminating } in function main().

This error tells you the file and line number of the problem, and what the problem is (although I
admit it is somewhat cryptic). Note that the error message points you to line 5. The compiler
wasn't sure if you intended to put the closing brace before or after the cout statement on line 5.
Sometimes the errors just get you to the general vicinity of the problem. If a compiler could
perfectly identify every problem, it would fix the code itself.

Summary

After reading this chapter, you should have a good understanding of how C++ evolved and what
problems it was designed to solve. You should feel confident that learning C++ is the right

choice for anyone interested in programming in the next decade. C++ provides the tools of
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object-oriented programming and the performance of a systems-level language, which makes
C++ the development language of choice.

Today you learned how to enter, compile, link, and run your first C++ program, and what the
normal development cycle is. You also learned a little of what object-oriented programming is

all about. You will return to these topics during the next three weeks.

Q&A

Q. What is the difference between a text editor and a word processor?

A. A text editor produces files with plain text in them. There are no formatting
commands or other special symbols required by a particular word processor. Text files do

not have automatic word wrap, bold print, italics, and so forth.

Q. If my compiler has a built-in editor, must I use it?

A. Almost all compilers will compile code produced by any text editor. The advantages
of using the built-in text editor, however, might include the ability to quickly move back
and forth between the edit and compile steps of the development cycle. Sophisticated
compilers include a fully integrated development environment, allowing the programmer
to access help files, edit, and compile the code in place, and to resolve compile and link

errors without ever leaving the environment.

Q. Can | ignore warning messages from my compiler?

A. Many books hedge on this one, but I'll stake myself to this position: No! Get into the
habit, from chapter one, of treating warning messages as errors. C++ uses the compiler to
warn you when you are doing something you may not intend. Heed those warnings, and

do what is required to make them go away.

Q. What is compile time?
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A. Compile time is the time when you run your compiler, as opposed to link time (when
you run the linker) or run-time (when running the program). This is just programmer

shorthand to identify the three times when errors usually surface.

Workshop

The Workshop provides quiz questions to help you solidify your understanding of the material

covered and exercises to provide you with experience in using what you've learned. Try to

answer the quiz and exercise questions before checking the answers in Appendix D, and make

sure you understand the answers before continuing to the next chapter.

8:

Quiz

1. What is the difference between an interpreter and a compiler?

2. How do you compile the source code with your compiler?

3. What does the linker do?

4. What are the steps in the normal development cycle?

Exercises

1. Look at the following program and try to guess what it does without running it.
1: #include <iostream.h>

2: int main()

3:{

4:
5
6
7

intx =5;

cinty =7,
: cout "\n";

TCoUt << X +y<<""<<x*y;

cout "\n";

9:return O;
10: }
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2. Type in the program from Exercise 1, and then compile and link it. What does it do? Does it

do what you guessed?

. Type in the following program and compile it. What error do you receive?
> include <iostream.h>

> int main()

{

: cout << "Hello World\n™;

> return O;

¥

. Fix the error in the program in Exercise 3, and recompile, link, and run it. What does it do?

A O O A W NP oW

Chapter two

Parts of C++ program
C++ programs consist of objects, functions, variables, and other component parts. Most of this
book is devoted to explaining these parts in depth, but to get a sense of how a program fits
together you must see a complete working program. Today you learn

e The parts of a C++ program.
e How the parts work together.
« What a function is and what it does.

A Simple Program
Even the simple program HELLO.CPP from chapter 1, had many interesting parts. This section
will review this program in more detail. Listing 2.1 reproduces the original version of
HELLO.CPP for your convenience.
Listing 2.1. HELLO.CPP demonstrates the parts of a C++ program.
1: #include <iostream.h>

2.

3: int main()

4: {

5: cout << "Hello World\n";
6. returnO;

7:}

Hello World!

On line 1, the file iostream.h is included in the file. The first character is the # symbol, which is a
signal to the preprocessor. Each time you start your compiler, the preprocessor is run. The
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preprocessor reads through your source code, looking for lines that begin with the pound symbol
(#), and acts on those lines before the compiler runs.

include is a preprocessor instruction that says, "What follows is a filename. Find that file and
read it in right here." The angle brackets around the filename tell the preprocessor to look in all
the usual places for this file. If your compiler is set up correctly, the angle brackets will cause the
preprocessor to look for the file iostream.h in the directory that holds all the H files for your
compiler. The file iostream.h (Input-Output-Stream) is used by cout, which assists with writing
to the screen. The effect of line 1 is to include the file iostream.h into this program as if you had
typed it in yourself.

New Term: The preprocessor runs before your compiler each time the compiler is invoked. The
preprocessor translates any line that begins with a pound symbol (#) into a special command,
getting your code file ready for the compiler.

Line 3 begins the actual program with a function named main(). Every C++ program has a
main() function. In general, a function is a block of code that performs one or more actions.
Usually functions are invoked or called by other functions, but main() is special. When your
program starts, main() is called automatically.

main(), like all functions, must state what kind of value it will return. The return value type for
main() in HELLO.CPP is void, which means that this function will not return any value at all.
Returning values from functions is discussed in detail on chapter 4, "Expressions and
Statements."

All functions begin with an opening brace ({) and end with a closing brace (}). The braces for
the main() function are on lines 4 and 7. Everything between the opening and closing braces is
considered a part of the function.

cout are used in C++ to print strings and values to the screen. A string is just a set of characters.
Here's how cout is used: type the word cout, followed by the output redirection operator (<<).
Whatever follows the output redirection operator is written to the screen. If you want a string of
characters written, be sure to enclose them in double quotes ("), as shown on line 5.

New Term: A text string is a series of printable characters.

The final two characters, \n, tell cout to put a new line after the words Hello World!

All ANSI-compliant programs declare main() to return an int. This value is "returned" to the
operating system when your program completes. Some programmers signal an error by returning
the value 1. In this book, main() will always return 0.

The main() function ends on line 7 with the closing brace.

A Brief Look at cout

To print a value to the screen, write the word cout, followed by the insertion operator (<<),
which you create by typing the less-than character (<) twice. Even though this is two characters,
C++ treats it as one.

Follow the insertion character with your data. Listing 2.2 illustrates how this is used. Type in the
example exactly as written, except substitute your own name where you see Jesse Liberty (unless
your name is Jesse Liberty, in which case leave it just the way it is; it's perfect-- but I'm still not
splitting royalties!).

Listing 2.2.Using cout.

1: /I Listing 2.2 using cout

2:

3:  #include <iostream.h>
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int main()
{
cout << "Hello there.\n";
cout << "Here is 5: " << 5 << "\n";
cout << "The manipulator endl writes a new line to the screen." <<
Aendl;
9: cout << "Here is a very big number:\t" << 70000 << endl;
10: cout << "Here is the sum of 8 and 5:\t" << 8+5 << endl;
11: cout << "Here's a fraction:\t\t" << (float) 5/8 << endl;
12: cout << "And a very very big number:\t" << (double) 7000 * 7000 <<
Aendl;
13: cout << "Don't forget to replace Jesse Liberty with your name...\n";
14: cout << "Jesse Liberty is a C++ programmeri\n“;
15: return O;
16: }

N aR

Hello there.

Hereis 5: 5

The manipulator endl writes a new line to the screen.

Here is a very big number: 70000

Here isthe sumof 8 and 5: 13

Here's a fraction: 0.625

And a very very big number:  4.9e+07

Don't forget to replace Jesse Liberty with your name...

Jesse Liberty is a C++ programmer!

On line 3, the statement #include <iostream.h> causes the iostream.h file to be added to your
source code. This is required if you use cout and its related functions.

On line 6 is the simplest use of cout, printing a string or series of characters. The symbol \n is a
special formatting character. It tells cout to print a newline character to the screen.

Three values are passed to cout on line 7, and each value is separated by the insertion operator.
The first value is the string "Here is 5: ". Note the space after the colon. The space is part of the
string. Next, the value 5 is passed to the insertion operator and the newline character (always in
double quotes or single quotes). This causes the line

Hereis 5: 5

to be printed to the screen. Because there is no newline character after the first string, the next
value is printed immediately afterwards. This is called concatenating the two values.

On line 8, an informative message is printed, and then the manipulator endl is used. The purpose
of endl is to write a new line to the screen.

On line 9, a new formatting character, \t, is introduced. This inserts a tab character and is used on
lines 8-12 to line up the output. Line 9 shows that not only integers, but long integers as well can
be printed. Line 10 demonstrates that cout will do simple addition. The value of 8+5 is passed to
cout, but 13 is printed.

On line 11, the value 5/8 is inserted into cout. The term (float) tells cout that you want this value
evaluated as a decimal equivalent, and so a fraction is printed. On line 12 the value 7000 * 7000
is given to cout, and the term (double) is used to tell cout that you want this to be printed using
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scientific notation. All of this will be explained on chapter 3, "Variables and Constants,” when
data types are discussed.

On line 14, you substituted your name, and the output confirmed that you are indeed a C++
programmer. It must be true, because the computer said so!

Comments

When you are writing a program, it is always clear and self-evident what you are trying to do.
Funny thing, though--a month later, when you return to the program, it can be quite confusing
and unclear. I'm not sure how that confusion creeps into your program, but it always does.

To fight the onset of confusion, and to help others understand your code, you'll want to use
comments. Comments are simply text that is ignored by the compiler, but that may inform the
reader of what you are doing at any particular point in your program.

Types of Comments

C++ comments come in two flavors: the double-slash (//) comment, and the slash-star (/*)
comment. The double-slash comment, which will be referred to as a C++-style comment, tells
the compiler to ignore everything that follows this comment, until the end of the line.

The slash-star comment mark tells the compiler to ignore everything that follows until it finds a
star-slash (*/) comment mark. These marks will be referred to as C-style comments. Every /*
must be matched with a closing */.

As you might guess, C-style comments are used in the C language as well, but C++-style
comments are not part of the official definition of C.

Many C++ programmers use the C++-style comment most of the time, and reserve C-style
comments for blocking out large blocks of a program. You can include C++-style comments
within a block "commented out" by C-style comments; everything, including the C++-style
comments, is ignored between the C-style comment marks.

Using Comments

As a general rule, the overall program should have comments at the beginning, telling you what
the program does. Each function should also have comments explaining what the function does
and what values it returns. Finally, any statement in your program that is obscure or less than
obvious should be commented as well.

Listing 2.3 demonstrates the use of comments, showing that they do not affect the processing of
the program or its output.

Listing 2.3. HELP.CPP demonstrates comments.

1: #include <iostream.h>

2:

3: int main()

4. {
5: /* this is a comment

6: and it extends until the closing

7: star-slash comment mark */

8: cout << "Hello World\n";

9: // this comment ends at the end of the line
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10: cout << "That comment ended\n";

11:

12: // double slash comments can be alone on a line

13: /* as can slash-star comments */

14:  return O;

15: }

Hello World!

That comment ended!

The comments on lines 5 through 7 are completely ignored by the compiler, as
are the comments on lines 9, 12, and 13. The comment on line 9 ended with the
end of the line, however, while the comments on lines 5 and 13 required a closing comment
mark.

Comments at the Top of Each File

It is a good idea to put a comment block at the top of every file you write. The exact style of this
block of comments is a matter of individual taste, but every such header should include at least
the following information:

e The name of the function or program.

e The name of the file.

e What the function or program does.

e A description of how the program works.

e The author's name.

« Arrevision history (notes on each change made).

e What compilers, linkers, and other tools were used to make the program.

« Additional notes as needed.

For example, the following block of comments might appear at the top of the Hello World
program.

/************************************************************

Program:  Hello World

File: Hello.cpp

Function:  Main (complete program listing in this file)
Description: Prints the words "Hello world" to the screen
Author: Jesse Liberty (jl)

Environment: Turbo C++ version 4, 486/66 32mb RAM, Windows 3.1
DOS 6.0. EasyWin module.

Notes: This is an introductory, sample program.
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Revisions: 1.00 10/1/94 (jl) First release
1.01 10/2/94 (jl) Capitalized "World"

************************************************************/

It is very important that you keep the notes and descriptions up-to-date. A common problem with
headers like this is that they are neglected after their initial creation, and over time they become
increasingly misleading. When properly maintained, however, they can be an invaluable guide to
the overall program.

The listings in the rest of this book will leave off the headings in an attempt to save room. That
does not diminish their importance, however, so they will appear in the programs provided at the
end of each week.

A Final Word of Caution About Comments

Comments that state the obvious are less than useful. In fact, they can be counterproductive,
because the code may change and the programmer may neglect to update the comment. What is
obvious to one person may be obscure to another, however, so judgment is required.

The bottom line is that comments should not say what is happening, they should say why it is
happening.

DO add comments to your code. DO keep comments up-to-date. DO use comments to tell what
a section of code does. DON'T use comments for self-explanatory code.

Functions

While main() is a function, it is an unusual one. Typical functions are called, or invoked, during
the course of your program. A program is executed line by line in the order it appears in your
source code, until a function is reached. Then the program branches off to execute the function.
When the function finishes, it returns control to the line of code immediately following the call
to the function.

A good analogy for this is sharpening your pencil. If you are drawing a picture, and your pencil
breaks, you might stop drawing, go sharpen the pencil, and then return to what you were doing.
When a program needs a service performed, it can call a function to perform the service and then
pick up where it left off when the function is finished running. Listing 2.4 demonstrates this idea.
Listing 2.4. Demonstrating a call to a function.

1:  #include <iostream.h>

2

3: [/ function Demonstration Function

4. [/ prints out a useful message

5:  void DemonstrationFunction()

6: {

7 cout << "In Demonstration Function\n";
8

9

1

¥

0: // function main - prints out a message, then
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11: /I calls DemonstrationFunction, then prints out
12: // a second message.

13:  int main()

14: {

15: cout << "In main\n" ;

16: DemonstrationFunction();
17: cout << "Back in main\n™;
18: return O;

19:}

In main

In Demonstration Function

Back in main

The function DemonstrationFunction() is defined on lines 5-7. When it is called, it prints a
message to the screen and then returns.

Line 13 is the beginning of the actual program. On line 15, main() prints out a message saying it
is in main(). After printing the message, line 16 calls DemonstrationFunction(). This call causes
the commands in DemonstrationFunction() to execute. In this case, the entire function consists of
the code on line 7, which prints another message. When DemonstrationFunction() completes
(line 8), it returns back to where it was called from. In this case the program returns to line 17,
where main() prints its final line.

Using Functions

Functions either return a value or they return void, meaning they return nothing. A function that
adds two integers might return the sum, and thus would be defined to return an integer value. A
function that just prints a message has nothing to return and would be declared to return void.
Functions consist of a header and a body. The header consists, in turn, of the return type, the
function name, and the parameters to that function. The parameters to a function allow values to
be passed into the function. Thus, if the function were to add two numbers, the numbers would
be the parameters to the function. Here's a typical function header:

int Sum(int a, int b)

A parameter is a declaration of what type of value will be passed in; the actual value passed in by
the calling function is called the argument. Many programmers use these two terms, parameters
and arguments, as synonyms. Others are careful about the technical distinction. This book will
use the terms interchangeably.

The body of a function consists of an opening brace, zero or more statements, and a closing
brace. The statements constitute the work of the function. A function may return a value, using a
return statement. This statement will also cause the function to exit. If you don't put a return
statement into your function, it will automatically return void at the end of the function. The
value returned must be of the type declared in the function header.

Listing 2.5 demonstrates a function that takes two integer parameters and returns an integer
value. Don't worry about the syntax or the specifics of how to work with integer values (for
example, int x) for now; that is covered in detail on chapter 3.

Listing 2.5. FUNC.CPP demonstrates a simple function.

1. #include <iostream.h>

2: Int Add (int x, inty)
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{

3
4:
5. cout << "In Add(), received " << x <<"and " <<y <<"\n";
6 return (X+y);

7

8

}
9: int main()
10: {
11: cout << "I'm in main()"\n";
12: inta, b, c;
13: cout << "Enter two numbers: "
14: cin >> a;
15: cin >>b;

16: cout << "\nCalling Add()\n";
17: c=Add(a,b);

18: cout << "\nBack in main().\n";
19: cout << "cwas setto " << c;
20: cout << "\nExiting...\n\n";

21: return O;

22: }

I'm in main()!

Enter two numbers: 3 5

Calling Add()
In Add(), received 3 and 5

Back in main().
cwas setto 8

Exiting...

The function Add() is defined on line 2. It takes two integer parameters and returns an integer
value. The program itself begins on line 9 and on line 11, where it prints a message. The program
prompts the user for two numbers (lines 13 to 15). The user types each number, separated by a
space, and then presses the Enter key. main() passes the two numbers typed in by the user as
arguments to the Add() function on line 17.

Processing branches to the Add() function, which starts on line 2. The parameters a and b are
printed and then added together. The result is returned on line 6, and the function returns.

In lines 14 and 15, the cin object is used to obtain a number for the variables a and b, and cout is
used to write the values to the screen. Variables and other aspects of this program are explored in
depth in the next few days.

Summary

The difficulty in learning a complex subject, such as programming, is that so much of what you
learn depends on everything else there is to learn. This chapter introduced the basic
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parts of a simple C++ program. It also introduced the development cycle and a number of
important new terms.

Q&A
Q. What does #include do?

A. This is a directive to the preprocessor, which runs when you call your compiler. This
specific directive causes the file named after the word include to be read in, as if it were
typed in at that location in your source code.

Q. What is the difference between // comments and /* style comments?

A. The double-slash comments (//) "expire" at the end of the line. Slash-star (/*)
comments are in effect until a closing comment (*/). Remember, not even the end of the
function terminates a slash-star comment; you must put in the closing comment mark, or
you will get a compile-time error.

Q. What differentiates a good comment from a bad comment?

A. A good comment tells the reader why this particular code is doing whatever it is doing
or explains what a section of code is about to do. A bad comment restates what a
particular line of code is doing. Lines of code should be written so that they speak for
themselves. Reading the line of code should tell you what it is doing without needing a
comment.

Workshop

The Workshop provides quiz questions to help you solidify your understanding of the material
covered and exercises to provide you with experience in using what you've learned. Try to
answer the quiz and exercise questions before checking the answers in Appendix D, and make
sure you understand the answers before continuing to the next chapter.

Quiz
1. What is the difference between the compiler and the preprocessor?
2. Why is the function main() special?
3. What are the two types of comments, and how do they differ?
4. Can comments be nested?
5. Can comments be longer than one line?

Exercises
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1. Write a program that writes | love C++ to the screen.
2. Write the smallest program that can be compiled, linked, and run.

3. BUG BUSTERS: Enter this program and compile it. Why does it fail? How can you
fix it?

1: #include <iostream.h>

2: void main()

3:{

4: cout << Is there a bug here?";

5:}

4. Fix the bug in Exercise 3 and recompile, link, and run it.

Chapter 3

Variables and Constants

Variables and Constants
Programs need a way to store the data they use. Variables and constants offer various ways to
represent and manipulate that data.
Today you will learn

o How to declare and define variables and constants.

e How to assign values to variables and manipulate those values.
e How to write the value of a variable to the screen.
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What Is a Variable?

In C++ a variable is a place to store information. A variable is a location in your computer's
memory in which you can store a value and from which you can later retrieve that value.

Your computer's memory can be viewed as a series of cubbyholes. Each cubbyhole is one of
many, many such holes all lined up. Each cubbyhole--or memory location--is numbered
sequentially. These numbers are known as memory addresses. A variable reserves one or more
cubbyholes in which you may store a value.

Your variable's name (for example, myVariable) is a label on one of these cubbyholes, so that
you can find it easily without knowing its actual memory address. Figure 3.1 is a schematic
representation of this idea. As you can see from the figure, myVariable starts at memory address
103. Depending on the size of myVariable, it can take up one or more memory addresses.

Figure 3.1. A schematic representation of memory.

NOTE: RAM is random access memory. When you run your program, it is loaded into RAM
from the disk file. All variables are also created in RAM. When programmers talk of memory, it
is usually RAM to which they are referring.

Setting Aside Memory

When you define a variable in C++, you must tell the compiler what kind of variable it is: an
integer, a character, and so forth. This information tells the compiler how much room to set aside
and what kind of value you want to store in your variable.

Each cubbyhole is one byte large. If the type of variable you create is two bytes in size, it needs
two bytes of memory, or two cubbyholes. The type of the variable (for example, integer) tells the
compiler how much memory (how many cubbyholes) to set aside for the variable.

Because computers use bits and bytes to represent values, and because memory is measured in
bytes, it is important that you understand and are comfortable with these concepts. For a full
review of this topic, please read Appendix B, "C++ Keywords."

Size of Integers

On any one computer, each variable type takes up a single, unchanging amount of room. That is,
an integer might be two bytes on one machine, and four on another, but on either computer it is
always the same, day in and day out.

A char variable (used to hold characters) is most often one byte long. A short integer is two bytes
on most computers, a long integer is usually four bytes, and an integer (without the keyword
short or long) can be two or four bytes. Listing 3.1 should help you determine the exact size of
these types on your computer.

New Term: A character is a single letter, number, or symbol that takes up one byte of
memory.

Listing 3.1. Determining the size of variable types on your computer.
1: #include <iostream.h>
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int main()

{
cout << "The size of an int is:\t\t" << sizeof(int) <<" bytes.\n";
cout << "The size of a short int is:\t" << sizeof(short) <<" bytes.\n";
cout << "The size of a long int is:\t" << sizeof(long) <<" bytes.\n";
cout << "The size of a char is:\t\t" << sizeof(char) <<" bytes.\n";

9: cout << "The size of a float is:\t\t" << sizeof(float) <<" bytes.\n";

10: cout <<"The size of a double is:\t" << sizeof(double) << " bytes.\n";

11:

12: return O;
13: }
Output: The size of an int is: 2 bytes.

The size of ashortintis: 2 bytes.
The size of along intis: 4 bytes.
The size of a char is: 1 bytes.
The size of a float is: 4 bytes.
The size of a double is: 8 bytes.

NOTE: On your computer, the number of bytes presented might be different.

Analysis: Most of Listing 3.1 should be pretty familiar. The one new feature is the use of
the sizeof() function in lines 5 through 10. sizeof() is provided by your compiler, and it
tells you the size of the object you pass in as a parameter. For example, on line 5 the
keyword int is passed into sizeof(). Using sizeof(), | was able to determine that on my
computer an int is equal to a short int, which is 2 bytes.

signed and unsigned

In addition, all integer types come in two varieties: signed and unsigned. The idea here is that
sometimes you need negative numbers, and sometimes you don't. Integers (short and long)
without the word "unsigned" are assumed to be signed. Signed integers are either negative or
positive. Unsigned integers are always positive.

Because you have the same number of bytes for both signed and unsigned integers, the largest
number you can store in an unsigned integer is twice as big as the largest positive number you
can store in a signed integer. An unsigned short integer can handle numbers from 0 to 65,535.
Half the numbers represented by a signed short are negative, thus a signed short can only
represent numbers from -32,768 to 32,767. If this is confusing, be sure to read Appendix A,
"Operator Precedence."

Fundamental Variable Types

Several other variable types are built into C++. They can be conveniently divided into integer
variables (the type discussed so far), floating-point variables, and character variables.
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Floating-point variables have values that can be expressed as fractions--that is, they are real
numbers. Character variables hold a single byte and are used for holding the 256 characters and
symbols of the ASCII and extended ASCII character sets.

New Term: The ASCII character set is the set of characters standardized for use on
computers. ASCII is an acronym for American Standard Code for Information
Interchange. Nearly every computer operating system supports ASCII, though many
support other international character sets as well.

The types of variables used in C++ programs are described in Table 3.1. This table shows the
variable type, how much room this book assumes it takes in memory, and what kinds of values
can be stored in these variables. The values that can be stored are determined by the size of the
variable types, so check your output from Listing 3.1.

Table 3.1. Variable Types.

Type Size Values

unsigned shortint 2 bytes 0 to 65,535

short int 2 bytes -32,768 to 32,767

unsigned long int 4 bytes 0 to 4,294,967,295

long int 4 bytes -2,147,483,648 to 2,147,483,647
int (16 bit) 2 bytes -32,768 to 32,767

int (32 bit) 4 bytes  -2,147,483,648 to 2,147,483,647

unsigned int (16 bit) 2 bytes 0 to 65,535
unsigned int (32 bit) 2 bytes 0 to 4,294,967,295

char 1 byte 256 character values
float 4 bytes  1.2e-38 to 3.4e38
double 8 bytes  2.2e-308 to 1.8e308

NOTE: The sizes of variables might be different from those shown in Table 3.1, depending on
the compiler and the computer you are using. If your computer had the same output as was
presented in Listing 3.1, Table 3.1 should apply to your compiler. If your output from Listing 3.1
was different, you should consult your compiler's manual for the values that your variable types
can hold.

Defining a Variable

You create or define a variable by stating its type, followed by one or more spaces, followed by
the variable name and a semicolon. The variable name can be virtually any combination of
letters, but cannot contain spaces. Legal variable names include x, J23grsnf, and myAge. Good
variable names tell you what the variables are for; using good names makes it easier to
understand the flow of your program. The following statement defines an integer variable called
myAge:

int myAge;
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As a general programming practice, avoid such horrific names as J23qrsnf, and restrict single-
letter variable names (such as x or i) to variables that are used only very briefly. Try to use
expressive names such as myAge or howMany. Such names are easier to understand three weeks
later when you are scratching your head trying to figure out what you meant when you wrote that
line of code.
Try this experiment: Guess what these pieces of programs do, based on the first few lines of
code:
Example 1
main()
{

unsigned short x;

unsigned short y;

ULONG z;

Z=X*Yy,
}
Example 2
main ()
{

unsigned short Width;

unsigned short Length;

unsigned short Area;

Area = Width * Length;
¥
Clearly, the second program is easier to understand, and the inconvenience of having to type the
longer variable names is more than made up for by how much easier it is to maintain the second
program.

Case Sensitivity

C++ is case-sensitive. In other words, uppercase and lowercase letters are considered to be
different. A variable named age is different from Age, which is different from AGE.

NOTE: Some compilers allow you to turn case sensitivity off. Don't be tempted to do this; your
programs won't work with other compilers, and other C++ programmers will be very confused
by your code.

There are various conventions for how to name variables, and although it doesn't much matter
which method you adopt, it is important to be consistent throughout your program.

Many programmers prefer to use all lowercase letters for their variable names. If the name
requires two words (for example, my car), there are two popular conventions: my_car or myCar.
The latter form is called camel-notation, because the capitalization looks something like a
camel's hump.

Some people find the underscore character (my_car) to be easier to read, while others prefer to
avoid the underscore, because it is more difficult to type. This book uses camel-notation, in
which the second and all subsequent words are capitalized: myCar, theQuickBrownFox, and so
forth.
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NOTE: Many advanced programmers employ a notation style that is often referred to as
Hungarian notation. The idea behind Hungarian notation is to prefix every variable with a set of
characters that describes its type. Integer variables might begin with a lowercase letter i, longs
might begin with a lowercase I. Other notations indicate constants, globals, pointers, and so
forth. Most of this is much more important in C programming, because C++ supports the
creation of user-defined types and because C++ is strongly typed.

Keywords

Some words are reserved by C++, and you may not use them as variable names. These are
keywords used by the compiler to control your program. Keywords include if, while, for, and
main. Your compiler manual should provide a complete list, but generally, any reasonable name
for a variable is almost certainly not a keyword.

DO define a variable by writing the type, then the variable name. DO use meaningful variable
names. DO remember that C++ is case sensitive. DON'T use C++ keywords as variable names.
DO understand the number of bytes each variable type consumes in memory, and what values
can be stored in variables of that type. DON'T use unsigned variables for negative numbers.

Creating More Than One Variable at a Time

You can create more than one variable of the same type in one statement by writing the type and
then the variable names, separated by commas. For example:

unsigned int myAge, myWeight; // two unsigned int variables

long area, width, length; /I three longs

As you can see, myAge and myWeight are each declared as unsigned integer variables. The
second line declares three individual long variables named area, width, and length. The type
(long) is assigned to all the variables, so you cannot mix types in one definition statement.

Assigning Values to Your Variables

You assign a value to a variable by using the assignment operator (=). Thus, you would assign 5
to Width by writing

unsigned short Width;

Width = 5;

You can combine these steps and initialize Width when you define it by writing

unsigned short Width = 5;

Initialization looks very much like assignment, and with integer variables, the difference is
minor. Later, when constants are covered, you will see that some values must be initialized
because they cannot be assigned to. The essential difference is that initialization takes place at
the moment you create the variable.

Just as you can define more than one variable at a time, you can initialize more than one variable
at creation. For example:

/I create two long variables and initialize them

Along width = 5, length = 7;
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This example initializes the long integer variable width to the value 5 and the long integer
variable length to the value 7. You can even mix definitions and initializations:

int myAge = 39, yourAge, hisAge = 40;

This example creates three type int variables, and it initializes the first and third.

Listing 3.2 shows a complete program, ready to compile, that computes the area of a rectangle
and writes the answer to the screen.

Listing 3.2. A demonstration of the use of variables.

1: // Demonstration of variables

2. #include <iostream.h>

3.

4: int main()

5 {

6: unsigned short int Width =5, Length;
7:  Length = 10;

8

9 // create an unsigned short and initialize with result
10: Il of multiplying Width by Length
11: unsigned short int Area = Width * Length;

13:  cout << "Width:" << Width << "\n";

14:  cout << "Length: " << Length <<endl;

15:  cout << "Area: " << Area << endl;

16: return O;

17:}

Output: Width:5

Length: 10

Area: 50

Analysis: Line 2 includes the required include statement for the iostream's library so that cout
will work. Line 4 begins the program.

On line 6, Width is defined as an unsigned short integer, and its value is initialized to 5. Another
unsigned short integer, Length, is also defined, but it is not initialized. On line 7, the value 10 is
assigned to Length.

On line 11, an unsigned short integer, Area, is defined, and it is initialized with the value
obtained by multiplying Width times Length. On lines 13-15, the values of the variables are
printed to the screen. Note that the special word endl creates a new line.

typedef

It can become tedious, repetitious, and, most important, error-prone to keep writing unsigned
short int. C++ enables you to create an alias for this phrase by using the keyword typedef, which
stands for type definition.

In effect, you are creating a synonym, and it is important to distinguish this from creating a new
type. typedef is used by writing the keyword typedef, followed by the existing type and then the
new name. For example

typedef unsigned short int USHORT
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creates the new name USHORT that you can use anywhere you might have written unsigned
short int. Listing 3.3 is a replay of Listing 3.2, using the type definition USHORT rather than
unsigned short int.
Listing 3.3. A demonstration of typedef.

: // R R R T T o e S S S e e e e o o

. /I Demonstrates typedef keyword

. #include <iostream.h>

void main()

0 q
: USHORT Width =5;
10: USHORT Length;
11: Length =10;
12: USHORT Area = Width * Length;
13:  cout << "Width:" << Width << "\n";
14: cout << "Length: " << Length << endl;
15: cout <<"Area: " << Area <<endl;
16: }
Output: Width:5
Length: 10
Area: 50
Analysis: On line 5, USHORT is typedefined as a synonym for unsigned short int. The program
is very much like Listing 3.2, and the output is the same.

1
2
3
4:
5: typedef unsigned short int USHORT; Iltypedef defined
6
7
8
9

When to Use short and When to Use long

One source of confusion for new C++ programmers is when to declare a variable to be type long
and when to declare it to be type short. The rule, when understood, is fairly straightforward: If
there is any chance that the value you'll want to put into your variable will be too big for its type,
use a larger type.

As seen in Table 3.1, unsigned short integers, assuming that they are two bytes, can hold a value
only up to 65,535. Signed short integers can hold only half that. Although unsigned long integers
can hold an extremely large number (4,294,967,295) that is still quite finite. If you need a larger
number, you'll have to go to float or double, and then you lose some precision. Floats and
doubles can hold extremely large numbers, but only the first 7 or 19 digits are significant on
most computers. That means that the number is rounded off after that many digits.

Wrapping Around an unsigned Integer

The fact that unsigned long integers have a limit to the values they can hold is only rarely a
problem, but what happens if you do run out of room?

When an unsigned integer reaches its maximum value, it wraps around and starts over, much as a
car odometer might. Listing 3.4 shows what happens if you try to put too large a value into a
short integer.

Listing 3.4.A demonstration of putting too large a value in an unsigned integer.
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1: #include <iostream.h>
. int main()

2
3 {
4. unsigned short int smallNumber;
5. smallNumber = 65535;
6: cout << "small number:" << smallNumber << endl;
7. smallNumber++;

8: cout << "small number:" << smallNumber << endl;

9:  smallNumber++;

10: cout << "small number:" << smallNumber << endl,;

11: return O;

12: }

Output: small number:65535

small number:0

small number:1

Analysis: On line 4, smallNumber is declared to be an unsigned short int, which on my computer
is a two-byte variable, able to hold a value between 0 and 65,535. On line 5, the maximum value
is assigned to smallNumber, and it is printed on line 6.

On line 7, smallNumber is incremented; that is, 1 is added to it. The symbol for incrementing is
++ (as in the name C++--an incremental increase from C). Thus, the value in smallNumber
would be 65,536. However, unsigned short integers can't hold a number larger than 65,535, so
the value is wrapped around to 0, which is printed on line 8.

On line 9 smallNumber is incremented again, and then its new value, 1, is printed.

Wrapping Around a signed Integer

A signed integer is different from an unsigned integer, in that half of the values you can represent
are negative. Instead of picturing a traditional car odometer, you might picture one that rotates up
for positive numbers and down for negative numbers. One mile from 0 is either 1 or -1. When
you run out of positive numbers, you run right into the largest negative numbers and then count
back down to 0. Listing 3.5 shows what happens when you add 1 to the maximum positive
number in an unsigned short integer.
Listing 3.5. A demonstration of adding too large a number to a signed integer.
1: #include <iostream.h>

- int main()

2

3 {

4:  short int smallNumber;

5:  smallNumber = 32767;

6: cout << "small number:" << smallNumber << endl;
7:  smallNumber++;

8: cout << "small number:" << smallNumber << endl;
9:  smallNumber++;

10: cout << "small number:" << smallNumber << endl;
11: return O;

12: }
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Output: small number:32767

small number:-32768

small number:-32767

Analysis: On line 4, smallNumber is declared this time to be a signed short integer (if you don't
explicitly say that it is unsigned, it is assumed to be signed). The program proceeds much as the
preceding one, but the output is quite different. To fully understand this output, you must be
comfortable with how signed numbers are represented as bits in a two-byte integer. For details,
check Appendix C, "Binary and Hexadecimal."

The bottom line, however, is that just like an unsigned integer, the signed integer wraps around
from its highest positive value to its highest negative value.

Characters

Character variables (type char) are typically 1 byte, enough to hold 256 values (see Appendix C).
A char can be interpreted as a small number (0-255) or as a member of the ASCII set. ASCII
stands for the American Standard Code for Information Interchange. The ASCII character set
and its 1ISO (International Standards Organization) equivalent are a way to encode all the letters,
numerals, and punctuation marks.

Computers do not know about letters, punctuation, or sentences. All they understand are
numbers. In fact, all they really know about is whether or not a sufficient amount of electricity is
at a particular junction of wires. If so, it is represented internally as a 1; if not, it is represented as
a 0. By grouping ones and zeros, the computer is able to generate patterns that can be interpreted
as numbers, and these in turn can be assigned to letters and punctuation.

In the ASCII code, the lowercase letter "a" is assigned the value 97. All the lower- and uppercase
letters, all the numerals, and all the punctuation marks are assigned values between 1 and 128.
Another 128 marks and symbols are reserved for use by the computer maker, although the IBM
extended character set has become something of a standard.

Characters and Numbers

When you put a character, for example, "a', into a char variable, what is really there is just a
number between 0 and 255. The compiler knows, however, how to translate back and forth
between characters (represented by a single quotation mark and then a letter, numeral, or
punctuation mark, followed by a closing single quotation mark) and one of the ASCII values.
The value/letter relationship is arbitrary; there is no particular reason that the lowercase "a" is
assigned the value 97. As long as everyone (your keyboard, compiler, and screen) agrees, there is
no problem. It is important to realize, however, that there is a big difference between the value 5
and the character °5'. The latter is actually valued at 53, much as the letter "a' is valued at 97.
Listing 3.6. Printing characters based on numbers

1: #include <iostream.h>

2: int main()

3 {

4: for (inti=32;i<128; i++)

5: cout << (char) i;
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6: return O;

7:}

Output: "#$%G'()*+,./0123456789:;<>?@ABCDEFGHIJKLMNOP
_QRSTUVWXYZ[\]Vabcdefghijklmnopgrstuvwxyz<|>~s

This simple program prints the character values for the integers 32 through 127.

Special Printing Characters

The C++ compiler recognizes some special characters for formatting. Table 3.2 shows the most
common ones. You put these into your code by typing the backslash (called the escape
character), followed by the character. Thus, to put a tab character into your code, you would
enter a single quotation mark, the slash, the letter t, and then a closing single quotation mark:
char tabCharacter = "\t';

This example declares a char variable (tabCharacter) and initializes it with the character value \t,
which is recognized as a tab. The special printing characters are used when printing either to the
screen or to a file or other output device.

New Term: An escape character changes the meaning of the character that follows it.
For example, normally the character n means the letter n, but when it is preceded by the
escape character (\) it means new line.

Table 3.2. The Escape Characters.
Character What it means

\n new line

\t Tab

\b backspace

\" double quote
\' single quote
\? question mark
\\ backslash

Constants
Like variables, constants are data storage locations. Unlike variables, and as the name implies,
constants don't change. You must initialize a constant when you create it, and you cannot assign
a new value later.

Literal Constants

C++ has two types of constants: literal and symbolic.

A literal constant is a value typed directly into your program wherever it is needed. For example
int myAge = 39;

myAge is a variable of type int; 39 is a literal constant. You can't assign a value to 39, and its
value can't be changed.
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Symbolic Constants

A symbolic constant is a constant that is represented by a name, just as a variable is represented.
Unlike a variable, however, after a constant is initialized, its value can't be changed.

If your program has one integer variable named students and another named classes, you could
compute how many students you have, given a known number of classes, if you knew there were
15 students per class:

students = classes * 15;

NOTE: * indicates multiplication.

In this example, 15 is a literal constant. Your code would be easier to read, and easier to
maintain, if you substituted a symbolic constant for this value:

students = classes * studentsPerClass

If you later decided to change the number of students in each class, you could do so where you
define the constant studentsPerClass without having to make a change every place you used that
value.

There are two ways to declare a symbolic constant in C++. The old, traditional, and now obsolete
way is with a preprocessor directive, #define. Defining Constants with #define To define a
constant the traditional way, you would enter this:

#define studentsPerClass 15

Note that studentsPerClass is of no particular type (int, char, and so on). #define does a simple
text substitution. Every time the preprocessor sees the word studentsPerClass, it puts in the text
15.

Because the preprocessor runs before the compiler, your compiler never sees your constant; it
sees the number 15. Defining Constants with const Although #define works, there is a new,
much better way to define constants in C++:

const unsigned short int studentsPerClass = 15;

This example also declares a symbolic constant named studentsPerClass, but this time
studentsPerClass is typed as an unsigned short int. This method has several advantages in
making your code easier to maintain and in preventing bugs. The biggest difference is that this
constant has a type, and the compiler can enforce that it is used according to its type.

NOTE: Constants cannot be changed while the program is running. If you need to change
studentsPerClass, for example, you need to change the code and recompile.

DON'T use the term int. Use short and long to make it clear which size number you intended.
DO watch for numbers overrunning the size of the integer and wrapping around incorrect values.
DO give your variables meaningful names that reflect their use. DON'T use keywords as
variable names.

Enumerated Constants

Enumerated constants enable you to create new types and then to define variables of those types
whose values are restricted to a set of possible values. For example, you can declare COLOR to
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be an enumeration, and you can define that there are five values for COLOR: RED, BLUE,
GREEN, WHITE, and BLACK.
The syntax for enumerated constants is to write the keyword enum, followed by the type name,
an open brace, each of the legal values separated by a comma, and finally a closing brace and a
semicolon. Here's an example:
enum COLOR { RED, BLUE, GREEN, WHITE, BLACK };
This statement performs two tasks:

1. It makes COLOR the name of an enumeration, that is, a new type.

2. It makes RED a symbolic constant with the value 0, BLUE a symbolic constant with

the value 1, GREEN a symbolic constant with the value 2, and so forth.
Every enumerated constant has an integer value. If you don't specify otherwise, the first constant
will have the value 0, and the rest will count up from there. Any one of the constants can be
initialized with a particular value, however, and those that are not initialized will count upward
from the ones before them. Thus, if you write
enum Color { RED=100, BLUE, GREEN=500, WHITE, BLACK=700 };
then RED will have the value 100; BLUE, the value 101; GREEN, the value 500; WHITE, the
value 501; and BLACK, the value 700.
You can define variables of type COLOR, but they can be assigned only one of the enumerated
values (in this case, RED, BLUE, GREEN, WHITE, or BLACK, or else 100, 101, 500, 501, or
700). You can assign any color value to your COLOR variable. In fact, you can assign any
integer value, even if it is not a legal color, although a good compiler will issue a warning if you
do. It is important to realize that enumerator variables actually are of type unsigned int, and that
the enumerated constants equate to integer variables. It is, however, very convenient to be able to
name these values when working with colors, days of the week, or similar sets of values. Listing
3.7 presents a program that uses an enumerated type.
Listing 3.7. A demonstration of enumerated constants.
1: #include <iostream.h>
2: int main()

3. {
4: enum Days { Sunday, Monday, Tuesday, Wednesday, Thursday, Friday,
A Saturday };

5

6: Days DayOff;
7 int x;
8.

9: cout << "What day would you like off (0-6)? ";
10:  cin >>Xx;
11:  DayOff = Days(x);

12:

13:  if (DayOff == Sunday || DayOff == Saturday)

14: cout << "\nYou're already off on weekends!\n";
15:  else

16: cout << "\nOkay, I'll put in the vacation day.\n";
17: return O;

18: }
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Output: What day would you like off (0-6)? 1
Okay, I'll put in the vacation day.
What day would you like off (0-6)? 0

You're already off on weekends!

Analysis: On line 4, the enumerated constant DAY'S is defined, with seven values counting
upward from 0. The user is prompted for a day on line 9. The chosen value, a number between 0
and 6, is compared on line 13 to the enumerated values for Sunday and Saturday, and action is
taken accordingly.

The if statement will be covered in more detail on Day 4, "Expressions and Statements."
You cannot type the word "Sunday" when prompted for a day; the program does not know how
to translate the characters in Sunday into one of the enumerated values.

NOTE: For this and all the small programs in this book, I've left out all the code you would
normally write to deal with what happens when the user types inappropriate data. For example,
this program doesn't check, as it would in a real program, to make sure that the user types a
number between 0 and 6. This detail has been left out to keep these programs small and simple,
and to focus on the issue at hand.

Summary

This chapter has discussed numeric and character variables and constants, which are used by
C++ to store data during the execution of your program. Numeric variables are either integral
(char, short, and long int) or they are floating point (float and double). Numeric variables can
also be signed or unsigned. Although all the types can be of various sizes among different
computers, the type specifies an exact size on any given computer.

You must declare a variable before it can be used, and then you must store the type of data that
you've declared as correct for that variable. If you put too large a number into an integral
variable, it wraps around and produces an incorrect result.

This chapter also reviewed literal and symbolic constants, as well as enumerated constants, and
showed two ways to declare a symbolic constant: using #define and using the keyword const.

Q&A

Q. If a short int can run out of room and wrap around, why not always use long
integers?

A .Both short integers and long integers will run out of room and wrap around, but a long
integer will do so with a much larger number. For example, an unsigned short int will
wrap around after 65,535, whereas an unsigned long int will not wrap around until
4,294,967,295. However, on most machines, a long integer takes up twice as much
memory every time you declare one (4 bytes versus 2 bytes), and a program with 100
such variables will consume an extra 200 bytes of RAM. Frankly, this is less of a
problem than it used to be, because most personal computers now come with many
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thousands (if not millions) of bytes of memory.

Q. What happens if I assign a number with a decimal point to an integer rather than
to a float? Consider the following line of code:

int aNumber = 5.4,
A. A good compiler will issue a warning, but the assignment is completely legal. The
number you've assigned will be truncated into an integer. Thus, if you assign 5.4 to an
integer variable, that variable will have the value 5. Information will be lost, however,
and if you then try to assign the value in that integer variable to a float variable, the float
variable will have only 5.

Q. Why not use literal constants; why go to the bother of using symbolic constants?

A. If you use the value in many places throughout your program, a symbolic constant
allows all the values to change just by changing the one definition of the constant.
Symbolic constants also speak for themselves. It might be hard to understand why a
number is being multiplied by 360, but it's much easier to understand what's going on if
the number is being multiplied by degreesinACircle.

Q. What happens if | assign a negative number to an unsigned variable? Consider
the following line of code:

unsigned int aPositiveNumber = -1;
A. A good compiler will warn, but the assignment is legal. The negative number will be
assessed as a bit pattern and assigned to the variable. The value of that variable will then
be interpreted as an unsigned number. Thus, -1, whose bit pattern is 11111111 11111111
(OXFF in hex), will be assessed as the unsigned value 65,535. If this information confuses
you, refer to Appendix C.

Q. Can I work with C++ without understanding bit patterns, binary arithmetic, and
hexadecimal?

A. Yes, but not as effectively as if you do understand these topics. C++ does not do as
good a job as some languages at "protecting"” you from what the computer is really doing.
This is actually a benefit, because it provides you with tremendous power that other
languages don't. As with any power tool, however, to get the most out of C++ you must
understand how it works. Programmers who try to program in C++ without
understanding the fundamentals of the binary system often are confused by their results.

Workshop

The Workshop provides quiz questions to help you solidify your understanding of the material
covered, and exercises to provide you with experience in using what you've learned. Try to
answer the quiz and exercise questions before checking the answers in Appendix D, and make
sure that you understand the answers before continuing to the next chapter.

Quiz
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1. What is the difference between an integral variable and a floating-point variable?
2. What are the differences between an unsigned short int and a long int?
3. What are the advantages of using a symbolic constant rather than a literal constant?
4. What are the advantages of using the const keyword rather than #define?
5. What makes for a good or bad variable name?
6. Given this enum, what is the value of BLUE?
enum COLOR { WHITE, BLACK = 100, RED, BLUE, GREEN =300 },
7. Which of the following variable names are good, which are bad, and which are invalid?
a. Age
b. lex
c. R79J

d. Totalincome

e. __Invalid

Exercises
1. What would be the correct variable type in which to store the following information?
a. Your age.
b. The area of your backyard.
c. The number of stars in the galaxy.

d. The average rainfall for the month of January.
2. Create good variable names for this information.

3. Declare a constant for pi as 3.14159.

4. Declare a float variable and initialize it using your pi constant.

39



Chapter 4

Expressions and Statements
At its heart, a program is a set of commands executed in sequence. The power in a program
comes from its capability to execute one or another set of commands, based on whether a
particular condition is true or false. Today you will learn

e What statements are.

e What blocks are.

e What expressions are.

e How to branch your code based on conditions.
e What truth is, and how to act on it.

Statements

In C++ a statement controls the sequence of execution, evaluates an expression, or does nothing
(the null statement). All C++ statements end with a semicolon, even the null statement, which is
just the semicolon and nothing else. One of the most common statements is the following
assignment statement:
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X=a+b;

Unlike in algebra, this statement does not mean that x equals a+b. This is read, "Assign the value
of the sum of aand b to x," or "Assign to X, a+b." Even though this statement is doing two
things, it is one statement and thus has one semicolon. The assignment operator assigns whatever
is on the right side of the equal sign to whatever is on the left side.

New Term: A null statement is a statement that does nothing.

Whitespace

Whitespace (tabs, spaces, and newlines) is generally ignored in statements. The assignment
statement previously discussed could be written as

x=a+b;

or as

X =a

+ b :

Although this last variation is perfectly legal, it is also perfectly foolish. Whitespace can be used
to make your programs more readable and easier to maintain, or it can be used to create horrific
and indecipherable code. In this, as in all things, C++ provides the power; you supply the
judgment.

New Term: Whitespace characters (spaces, tabs, and newlines) cannot be seen. If these
characters are printed, you see only the white of the paper.

Blocks and Compound Statements

Any place you can put a single statement, you can put a compound statement, also called a block.
A block begins with an opening brace ({) and ends with a closing brace (}). Although every
statement in the block must end with a semicolon, the block itself does not end with a semicolon.
For example
{

temp = a;

a=b;

b = temp;
}

This block of code acts as one statement and swaps the values in the variables a and b.

DO use a closing brace any time you have an opening brace. DO end your statements with a
semicolon. DO use whitespace judiciously to make your code clearer.
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Expressions

Anything that evaluates to a value is an expression in C++. An expression is said to return a
value. Thus, 3+2; returns the value 5 and so is an expression. All expressions are statements.
The myriad pieces of code that qualify as expressions might surprise you. Here are three

examples:

3.2 /I returns the value 3.2

Pl /I float const that returns the value 3.14
SecondsPerMinute /I int const that returns 60

Assuming that PI is a constant equal to 3.14 and SecondsPerMinute is a constant equal to 60, all
three of these statements are expressions.

The complicated expression

X=a+hb;

not only adds a and b and assigns the result to x, but returns the value of that assignment (the
value of x) as well. Thus, this statement is also an expression. Because it is an expression, it can
be on the right side of an assignment operator:

y=x=a+b;

This line is evaluated in the following order: Add a to b.

Assign the result of the expression a + b to x.

Assign the result of the assignment expressionx =a+btoy.

If a, b, X, and y are all integers, and if a has the value 2 and b has the value 5, both x and y will
be assigned the value 7.

Listing 4.1. Evaluating complex expressions.

1:  #include <iostream.h>

2: int main()

3 {

4: int a=0, b=0, x=0, y=35;

5: cout<<"a:"<<a<<"bh:"<<b;

6: cout<<"x:"<<x<<"y:"<<y<<endl;
7 a=9;

8 b=7;

9: y =X = atb;

10: cout << "a:"<<a<<"b:"<<b;

11: cout << " x:"<<x<<"y: " <<y<<endl;

12: return O;

13:}

Output: a: 0 b: 0x: 0y: 35

a:9b:7x:16y: 16

Analysis: On line 4, the four variables are declared and initialized. Their values are printed on
lines 5 and 6. On line 7, a is assigned the value 9. One line 8, b is assigned the value 7. On line 9,
the values of a and b are summed and the result is assigned to x. This expression (x = a+b)
evaluates to a value (the sum of a + b), and that value is in turn assigned to y.
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Operators

An operator is a symbol that causes the compiler to take an action. Operators act on operands,
and in C++ all operands are expressions. In C++ there are several different categories of
operators. Two of these categories are

e Assignment operators.
o Mathematical operators.

Assignment Operator

The assignment operator (=) causes the operand on the left side of the assignment operator to
have its value changed to the value on the right side of the assignment operator. The expression
X=a+b;

assigns the value that is the result of adding a and b to the operand x.

An operand that legally can be on the left side of an assignment operator is called an lvalue. That
which can be on the right side is called (you guessed it) an rvalue.

Constants are r-values. They cannot be I-values. Thus, you can write

X = 35; /1 ok
but you can't legally write
35=x; // error, not an Ivalue!

New Term: An lvalue is an operand that can be on the left side of an expression. An
rvalue is an operand that can be on the right side of an expression. Note that all I-values
are r-values, but not all r-values are I-values. An example of an rvalue that is not an
Ivalue is a literal. Thus, you can write X = 5;, but you cannot write 5 = x;.

Mathematical Operators

There are five mathematical operators: addition (+), subtraction (-), multiplication (*), division
(/), and modulus (%).

Addition and subtraction work as you would expect, although subtraction with unsigned integers
can lead to surprising results, if the result is a negative number. You saw something much like
this yesterday, when variable overflow was described. Listing 4.2 shows what happens when you
subtract a large unsigned number from a small unsigned number.

Listing 4.2. A demonstration of subtraction and integer overflow.

1: /I Listing 4.2 - demonstrates subtraction and

- I/ integer overflow

- #include <iostream.h>

2
3
4:
5: int main()
6: {
7: unsigned int difference;

8: unsigned int bigNumber = 100;

9: unsigned int smallNumber = 50;

10: difference = bigNumber - smallNumber;
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11: cout << "Difference is: " << difference;

12: difference = smallNumber - bigNumber;

13: cout << "\nNow difference is: " << difference <<endl;

14: return O;

15:}

Output: Difference is: 50

Now difference is: 4294967246

Analysis: The subtraction operator is invoked on line 10, and the result is printed on line 11,
much as we might expect. The subtraction operator is called again on line 12, but this time a
large unsigned number is subtracted from a small unsigned number. The result would be
negative, but because it is evaluated (and printed) as an unsigned number, the result is an
overflow, as described yesterday. This topic is reviewed in detail in Appendix A, "Operator
Precedence.”

Integer Division and Modulus

Integer division is somewhat different from everyday division. When you divide 21 by 4, the
result is a real number (a number with a fraction). Integers don't have fractions, and so the

"remainder" is lopped off. The answer is therefore 5. To get the remainder, you take 21 modulus

4 (21 % 4) and the result is 1. The modulus operator tells you the remainder after an integer
division.

Finding the modulus can be very useful. For example, you might want to print a statement on
every 10th action. Any number whose value is 0 when you modulus 10 with that number is an

exact multiple of 10. Thus 1 % 10is 1, 2 % 10 is 2, and so forth, until 10 % 10, whose result is 0.

11 % 10 is back to 1, and this pattern continues until the next multiple of 10, which is 20. We'll
use this technique when looping is discussed on chapter 7, "More Program Flow."

WARNING: Many novice C++ programmers inadvertently put a semicolon after their if

statements:
if(SomeValue < 10);
SomeValue = 10;

What was intended here was to test whether SomeValue is less than 10, and if so, to set it

to 10, making 10 the minimum value for SomeValue. Running this code snippet will
show that SomeValue is always set to 10! Why? The if statement terminates with the
semicolon (the do-nothing operator). Remember that indentation has no meaning to the
compiler. This snippet could more accurately have been written as:
if (SomeValue < 10) // test

; // do nothing

SomeValue = 10; // assign

Removing the semicolon will make the final line part of the if statement and will make
this code do what was intended.
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Combining the Assignment and Mathematical Operators

It is not uncommon to want to add a value to a variable, and then to assign the result back into
the variable. If you have a variable myAge and you want to increase the value by two, you can
write

int myAge = 5;

int temp;

temp = myAge + 2; //add 5 + 2 and put it in temp
myAge = temp; /l put it back in myAge

This method, however, is terribly convoluted and wasteful. In C++, you can put the same
variable on both sides of the assignment operator, and thus the preceding becomes

myAge = myAge + 2;

which is much better. In algebra this expression would be meaningless, but in C++ it is read as
"add two to the value in myAge and assign the result to myAge."

Even simpler to write, but perhaps a bit harder to read is

myAge += 2,

The self-assigned addition operator (+=) adds the rvalue to the lvalue and then reassigns the
result into the Ivalue. This operator is pronounced "plus-equals.” The statement would be read
"myAge plus-equals two." If myAge had the value 4 to start, it would have 6 after this statement.
There are self-assigned subtraction (-=), division (/=), multiplication (*=), and modulus (%=)
operators as well.

Increment and Decrement

The most common value to add (or subtract) and then reassign into a variable is 1. In C++,
increasing a value by 1 is called incrementing, and decreasing by 1 is called decrementing. There
are special operators to perform these actions.

The increment operator (++) increases the value of the variable by 1, and the decrement operator
(--) decreases it by 1. Thus, if you have a variable, C, and you want to increment it, you would
use this statement:

C++, /[ Start with C and increment it.
This statement is equivalent to the more verbose statement
C=C+1;

which you learned is also equivalent to the moderately verbose statement
C+=1;

Prefix and Postfix

Both the increment operator (++) and the decrement operator(--) come in two varieties: prefix
and postfix. The prefix variety is written before the variable name (++myAge); the postfix
variety is written after (myAge++).

In a simple statement, it doesn't much matter which you use, but in a complex statement, when
you are incrementing (or decrementing) a variable and then assigning the result to another
variable, it matters very much. The prefix operator is evaluated before the assignment, the
postfix is evaluated after.

The semantics of prefix is this: Increment the value and then fetch it. The semantics of postfix is
different: Fetch the value and then increment the original.

This can be confusing at first, but if x is an integer whose value is 5 and you write
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inta=++x;

you have told the compiler to increment x (making it 6) and then fetch that value and assign it to
a. Thus, a is now 6 and x is now 6.

If, after doing this, you write

intb = x++;

you have now told the compiler to fetch the value in x (6) and assign it to b, and then go back
and increment X. Thus, b is now 6, but x is now 7. Listing 4.3 shows the use and implications of
both types.

Listing 4.3. A demonstration of prefix and postfix operators.

1: /I Listing 4.3 - demonstrates use of

2: [ prefix and postfix increment and
3: /I decrement operators

4: #include <iostream.h>

5: int main()

6: {

7:  intmyAge =39; //initialize two integers

8 int yourAge = 39;

9:  cout<<"lam:" << myAge << " years old.\n";

10:  cout << "You are: " << yourAge << " years old\n";

11: myAge++; /I postfix increment

12:  ++yourAge; /I prefix increment

13: cout << "One year passes...\n";

14:  cout << "l am: " << myAge << " years old.\n";

15:  cout << "You are: " << yourAge << " years old\n";

16: cout << "Another year passes\n";

17:  cout << "l am: " << myAge++ << " years old.\n";

18:  cout << "You are: " << ++yourAge << " years old\n";

19:  cout << "Let's print it again.\n";

20: cout<<"lam:" << myAge << " years old.\n";

21: cout <<"You are: " << yourAge << " years old\n";

22: return O;

23: }

Output: am 39 years old

You are 39 years old

One year passes

lam 40 years old

You are 40 years old

Another year passes

lam 40 yearsold

You are 41 years old

Let's print it again

lam 41 years old

You are 41 yearsold

Analysis: On lines 7 and 8, two integer variables are declared, and each is initialized with the
value 39. Their values are printed on lines 9 and 10.

On line 11, myAge is incremented using the postfix increment operator, and on line 12, yourAge
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is incremented using the prefix increment operator. The results are printed on lines 14 and 15,
and they are identical (both 40).

On line 17, myAge is incremented as part of the printing statement, using the postfix increment
operator. Because it is postfix, the increment happens after the print, and so the value 40 is
printed again. In contrast, on line 18, yourAge is incremented using the prefix increment
operator. Thus, it is incremented before being printed, and the value displays as 41.

Finally, on lines 20 and 21, the values are printed again. Because the increment statement has
completed, the value in myAge is now 41, as is the value in yourAge.

Precedence

In the complex statement

X=5+3*8§;

which is performed first, the addition or the multiplication? If the addition is performed first, the
answer is 8 * 8, or 64. If the multiplication is performed first, the answer is 5 + 24, or 29.

Every operator has a precedence value, and the complete list is shown in Appendix A, "Operator
Precedence.” Multiplication has higher precedence than addition, and thus the value of the
expression is 29.

When two mathematical operators have the same precedence, they are performed in left-to-right
order. Thus

X=5+3+8*9+6*4;

is evaluated multiplication first, left to right. Thus, 8*9 = 72, and 6*4 = 24. Now the expression
is essentially

X=5+3+72+ 24,

Now the addition, left to right, is5+ 3 =8; 8 + 72 = 80; 80 + 24 = 104.

Be careful with this. Some operators, such as assignment, are evaluated in right-to-left order! In
any case, what if the precedence order doesn't meet your needs? Consider the expression
TotalSeconds = NumMinutesToThink + NumMinutesToType * 60

In this expression, you do not want to multiply the NumMinutesToType variable by 60 and then
add it to NumMinutesToThink. You want to add the two variables to get the total number of
minutes, and then you want to multiply that number by 60 to get the total seconds.

In this case, you use parentheses to change the precedence order. Items in parentheses are
evaluated at a higher precedence than any of the mathematical operators. Thus

TotalSeconds = (NumMinutesToThink + NumMinutesToType) * 60

will accomplish what you want.

Nesting Parentheses

For complex expressions, you might need to nest parentheses one within another. For example,
you might need to compute the total seconds and then compute the total number of people who
are involved before multiplying seconds times people:

TotalPersonSeconds = ( ( (NumMinutesToThink + NumMinutesToType) * 60) *
A(PeoplelnTheOffice + PeopleOnVacation) )

This complicated expression is read from the inside out. First, NumMinutesToThink is added to
NumMinutesToType, because these are in the innermost parentheses. Then this sum is multiplied
by 60. Next, PeopleInTheOffice is added to PeopleOnVacation. Finally, the total number of
people found is multiplied by the total number of seconds.
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This example raises an important related issue. This expression is easy for a computer to
understand, but very difficult for a human to read, understand, or modify. Here is the same
expression rewritten, using some temporary integer variables:

TotalMinutes = NumMinutesToThink + NumMinutesToType;

TotalSeconds = TotalMinutes * 60;

TotalPeople = PeopleInTheOffice + PeopleOnVacation;

TotalPersonSeconds = TotalPeople * TotalSeconds;

This example takes longer to write and uses more temporary variables than the preceding
example, but it is far easier to understand. Add a comment at the top to explain what this code
does, and change the 60 to a symbolic constant. You then will have code that is easy to
understand and maintain.

DO remember that expressions have a value. DO use the prefix operator (++variable) to
increment or decrement the variable before it is used in the expression. DO use the postfix
operator (variable++) to increment or decrement the variable after it is used. DO use parentheses
to change the order of precedence. DON'T nest too deeply, because the expression becomes hard
to understand and maintain.

The Nature of Truth

In C++, zero is considered false, and all other values are considered true, although true is usually
represented by 1. Thus, if an expression is false, it is equal to zero, and if an expression is equal
to zero, it is false. If a statement is true, all you know is that it is nonzero, and any nonzero
statement is true.

Relational Operators

The relational operators are used to determine whether two numbers are equal, or if one is
greater or less than the other. Every relational statement evaluates to either 1 (TRUE) or 0
(FALSE). The relational operators are presented later, in Table 4.1.

If the integer variable myAge has the value 39, and the integer variable yourAge has the value
40, you can determine whether they are equal by using the relational "equals" operator:
myAge == yourAge; // is the value in myAge the same as in yourAge?

This expression evaluates to 0, or false, because the variables are not equal. The expression
myAge > yourAge; // is myAge greater than yourAge?

evaluates to O or false.

WARNING: Many novice C++ programmers confuse the assignment operator (=) with the
equals operator (==). This can create a nasty bug in your program.

There are six relational operators: equals (==), less than (<), greater than (>), less than or equal

to (<=), greater than or equal to (>=), and not equals (!=). Table 4.1 shows each relational
operator, its use, and a sample code use.

Table 4.1. The Relational Operators.
Name Operator Sample  Evaluates
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Equals == 100 == 50; false

50 ==50; true
Not Equals != 100 !'=50; true
50 1=50; false
Greater Than > 100 > 50; true
50 >50; false
Greater Than >= 100 >= 50; true
or Equals 50 >=50; true
Less Than < 100 < 50; false
50<50; false
Less Than <= 100 <= 50; false
or Equals 50 <=50; true

DO remember that relational operators return the value 1 (true) or O (false). DON'T confuse the
assignment operator (=) with the equals relational operator (==). This is one of the most common
C++ programming mistakes--be on guard for it.

The if Statement

Normally, your program flows along line by line in the order in which it appears in your source
code. The if statement enables you to test for a condition (such as whether two variables are
equal) and branch to different parts of your code, depending on the result.
The simplest form of an if statement is this:
if (expression)

statement;
The expression in the parentheses can be any expression at all, but it usually contains one of the
relational expressions. If the expression has the value 0, it is considered false, and the statement
is skipped. If it has any nonzero value, it is considered true, and the statement is executed.
Consider the following example:
if (bigNumber > smallNumber)

bigNumber = smallNumber;
This code compares bigNumber and smallNumber. If bigNumber is larger, the second line sets
its value to the value of smallNumber.
Because a block of statements surrounded by braces is exactly equivalent to a single statement,
the following type of branch can be quite large and powerful:
if (expression)

statementl;

statement?;

statement3;
}
Here's a simple example of this usage:
if (bigNumber > smallNumber)

{
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bigNumber = smallNumber;

cout << "bigNumber: " << bigNumber << "\n";

cout << "smallNumber: " << smallNumber << "\n";
}
This time, if bigNumber is larger than smallNumber, not only is it set to the value of
smallNumber, but an informational message is printed. Listing 4.4 shows a more detailed
example of branching based on relational operators.
Listing 4.4. A demonstration of branching based on relational operators.
1: // Listing 4.4 - demonstrates if statement
2: /] used with relational operators
3: #include <iostream.h>
4: int main()
5. {
6 int RedSoxScore, YankeesScore;
7 cout << "Enter the score for the Red Sox: ";
8: cin >> RedSoxScore;
9:
10: cout << "\nEnter the score for the Yankees: ";
11: cin >> YankeesScore;

12:

13: cout << "\n";

14:

15: if (RedSoxScore > YankeesScore)

16: cout << "Go Sox!\n";

17:

18: if (RedSoxScore < YankeesScore)

19: {

20: cout << "Go Yankees!\n";

21: cout << "Happy days in New YorkI\n";
22.  }

23:

24: if (RedSoxScore == YankeesScore)

25: {

26: cout << "A tie? Naah, can't be.\n";

27: cout << "Give me the real score for the Yanks: ";
28: cin >> YankeesScore;

29:

30: if (RedSoxScore > YankeesScore)

31: cout << "Knew it! Go Sox!";

32:

33: if (YankeesScore > RedSoxScore)

34: cout << "Knew it! Go Yanks!";

35:

36: if (YankeesScore == RedSoxScore)
37: cout << "Wow, it really was a tie!";
38: }
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39:

40: cout << "\nThanks for telling me.\n";
41: return O;

42:}

Output: Enter the score for the Red Sox: 10

Enter the score for the Yankees: 10

A tie? Naah, can't be

Give me the real score for the Yanks: 8

Knew it! Go Sox!

Thanks for telling me.

Analysis: This program asks for user input of scores for two baseball teams, which are stored in
integer variables. The variables are compared in the if statement on lines 15, 18, and 24.

If one score is higher than the other, an informational message is printed. If the scores are equal,
the block of code that begins on line 24 and ends on line 38 is entered. The second score is
requested again, and then the scores are compared again.

Note that if the initial Yankees score was higher than the Red Sox score, the if statement on line
15 would evaluate as FALSE, and line 16 would not be invoked. The test on line 18 would
evaluate as true, and the statements on lines 20 and 21 would be invoked. Then the if statement
on line 24 would be tested, and this would be false (if line 18 was true). Thus, the program would
skip the entire block, falling through to line 39.

In this example, getting a true result in one if statement does not stop other if statements from
being tested.

Indentation Styles

Listing 4.3 shows one style of indenting if statements. Nothing is more likely to create a religious
war, however, than to ask a group of programmers what is the best style for brace alignment.
Although there are dozens of variations, these appear to be the favorite three:

o Putting the initial brace after the condition and aligning the closing brace under the if to
close the statement block.

if (expression){
statements

¥

e Aligning the braces under the if and indenting the statements.
if (expression)

{

statements

¥

« Indenting the braces and statements.
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if (expression)

{

statements

}
This book uses the middle alternative, because I find it easier to understand where blocks of
statements begin and end if the braces line up with each other and with the condition being
tested. Again, it doesn't matter much which style you choose, as long as you are consistent with
it.

else

Often your program will want to take one branch if your condition is true, another if it is false. In
Listing 4.3, you wanted to print one message (Go Sox!) if the first test (RedSoxScore > Yankees)
evaluated TRUE, and another message (Go Yanks!) if it evaluated FALSE.
The method shown so far, testing first one condition and then the other, works fine but is a bit
cumbersome. The keyword else can make for far more readable code:
if (expression)
statement;
else
statement;

Listing 4.5 demonstrates the use of the keyword else.
Llstmg 4.5. Demonstrating the else keyword.
/I Listing 4.5 - demonstrates if statement
/I with else clause
#include <iostream.h>
int main()
{

int firstNumber, secondNumber;

cout << "Please enter a big number: ";

cin >> firstNumber;

cout << "\nPlease enter a smaller number: ";
10:  cin >>secondNumber;
11: if (firstNumber > secondNumber)

N>R LONE

12: cout << "\nThanks\n";

13: else

14: cout << "\nOops. The second is bigger!™;
15:

16: return O;

17:}

Output: Please enter a big number: 10
Please enter a smaller number: 12

Oops. The second is bigger!
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Analysis: The if statement on line 11 is evaluated. If the condition is true, the statement on line
12 is run; if it is false, the statement on line 14 is run. If the else clause on line 13 were removed,
the statement on line 14 would run whether or not the if statement was true. Remember, the if
statement ends after line 12. If the else was not there, line 14 would just be the next line in the
program.

Remember that either or both of these statements could be replaced with a block of code in
braces.

The if Statement

The syntax for the if statement is as follows: Form 1
if (expression)

statement;
next statement;
If the expression is evaluated as TRUE, the statement is executed and the program continues
with the next statement. If the expression is not true, the statement is ignored and the program
jumps to the next statement. Remember that the statement can be a single statement ending with
a semicolon or a block enclosed in braces. Form 2
if (expression)

statement1,;
else

statement?2;
next statement;
If the expression evaluates TRUE, statementl is executed; otherwise, statement2 is executed.
Afterwards, the program continues with the next statement. Example 1
Example
if (SomeValue < 10)

cout << "SomeValue is less than 10");
else
cout << "SomeValue is not less than 10!");

cout << "Done." << endl,

Advanced if Statements

It is worth noting that any statement can be used in an if or else clause, even another if or else
statement. Thus, you might see complex if statements in the following form:
if (expressionl)
{
if (expression2)
statementl;
else
{
if (expression3)
statement?;
else
statement3;
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¥

else

statement4;
This cumbersome if statement says, "If expressionl is true and expression2 is true, execute
statementl. If expressionl is true but expression2 is not true, then if expression3 is true execute
statement2. If expressionl is true but expression2 and expression3 are false, execute statement3.
Finally, if expressionl is not true, execute statement4." As you can see, complex if statements
can be confusing!
Listing 4.6 gives an example of such a complex if statement.
Listing 4.6. A complex, nested if statement.
. /I Listing 4.5 - a complex nested
2: /I if statement
3: #include <iostream.h>
4: int main()
5. {
6
7
8

[N

Il Ask for two numbers

/I Assign the numbers to bigNumber and littleNumber
/['1f bigNumber is bigger than littleNumber,

9: [/l see if they are evenly divisible

10: /I If they are, see if they are the same number

12: int firstNumber, secondNumber;

13:  cout << "Enter two numbers.\nFirst: "
14:  cin >> firstNumber;

15:  cout << "\nSecond: "';

16: cin >>secondNumber;

17:  cout << "\n\n";

18:

19: if (firstNumber >= secondNumber)

20: {

21: if ( (firstNumber % secondNumber) == 0) // evenly divisible?
22.  {

23: if (firstNumber == secondNumber)

24: cout << "They are the same!\n";

25: else

26: cout << "They are evenly divisible\n";
27: }

28: else

29: cout << "They are not evenly divisible\n";
30: }

31:. else

32: cout << "Hey! The second one is larger'\n™;
33: return O;

34:}

Output: Enter two numbers.
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First: 10
Second: 2

They are evenly divisible!

Analysis: Two numbers are prompted for one at a time, and then compared. The first if
statement, on line 19, checks to ensure that the first number is greater than or equal to the
second. If not, the else clause on line 31 is executed.

If the first if is true, the block of code beginning on line 20 is executed, and the second if
statement is tested, on line 21. This checks to see whether the first number modulo the second
number yields no remainder. If so, the numbers are either evenly divisible or equal. The if
statement on line 23 checks for equality and displays the appropriate message either way.

If the if statement on line 21 fails, the else statement on line 28 is executed.

Using Braces in Nested if Statements

Although it is legal to leave out the braces on if statements that are only a single statement, and it
is legal to nest if statements, such as

if (x>y) /['if x is bigger than y
if (x<2z) /l and if x is smaller than z
X=Y, / then set x to the value in z

when writing large nested statements, this can cause enormous confusion. Remember,
whitespace and indentation are a convenience for the programmer; they make no difference to
the compiler. It is easy to confuse the logic and inadvertently assign an else statement to the
wrong if statement. Listing 4.7 illustrates this problem.

Listing 4.7. A demonstration of why braces help clarify which else statement goes
with which if statement.

1. /I Listing 4.7 - demonstrates why braces

2: [ are important in nested if statements

3: #include <iostream.h>

4: int main()

5 {

6: intx;

7:  cout << "Enter a number less than 10 or greater than 100: *;
8: cin>>x;

9: cout<<"\n"

10:

11:  if (x> 10)

12: if (x >100)

13: cout << "More than 100, Thanks!\n";
14: else Il not the else intended!
15: cout << "Less than 10, Thanks\n™;

16:

17: return O;

18: }

Output: Enter a number less than 10 or greater than 100: 20
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Less than 10, Thanks!

Analysis: The programmer intended to ask for a number between 10 and 100, check for the
correct value, and then print a thank-you note.

If the if statement on line 11 evaluates TRUE, the following statement (line 12) is executed. In
this case, line 12 executes when the number entered is greater than 10. Line 12 contains an if
statement also. This if statement evaluates TRUE if the number entered is greater than 100. If the
number is not greater than 100, the statement on line 13 is executed.

If the number entered is less than or equal to 10, the if statement on line 10 evaluates to FALSE.
Program control goes to the next line following the if statement, in this case line 16. If you enter
a number less than 10, the output is as follows:

Enter a number less than 10 or greater than 100: 9

The else clause on line 14 was clearly intended to be attached to the if statement on line 11, and
thus is indented accordingly. Unfortunately, the else statement is really attached to the if
statement on line 12, and thus this program has a subtle bug.

It is a subtle bug because the compiler will not complain. This is a legal C++ program, but it just
doesn't do what was intended. Further, most of the times the programmer tests this program, it
will appear to work. As long as a number that is greater than 100 is entered, the program will
seem to work just fine.

Listing 4.8 fixes the problem by putting in the necessary braces.
Listing 4.8. A demonstration of the proper use of braces with an if statement

1./l Listing 4.8 - demonstrates proper use of braces
2. [/ in nested if statements

3. #include <iostream.h>

4: int main()

5 {

6: intx;

7:  cout << "Enter a number less than 10 or greater than 100: ";
8: cin>>x;

9. cout<<"\n";

10:

11:  if (x> 10)

12: {

13: if (x > 100)

14: cout << "More than 100, Thanks\n";

15 }

16: else // not the else intended!
17: cout << "Less than 10, Thanks!\n";

18: return O;

19: }

Output: Enter a number less than 10 or greater than 100: 20

Analysis: The braces on lines 12 and 15 make everything between them into one statement, and
now the else on line 16 applies to the if on line 11 as intended.

The user typed 20, so the if statement on line 11 is true; however, the if statement on line 13 is
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false, so nothing is printed. It would be better if the programmer put another else clause after line
14 so that errors would be caught and a message printed.

NOTE: The programs shown in this book are written to demonstrate the particular issues being
discussed. They are kept intentionally simple; there is no attempt to "bulletproof” the code to
protect against user error. In professional-quality code, every possible user error is anticipated
and handled gracefully.

Logical Operators

Often you want to ask more than one relational question at a time. "Is it true that X is greater than
y, and also true that y is greater than z?" A program might need to determine that both of these
conditions are true, or that some other condition is true, in order to take an action.

Imagine a sophisticated alarm system that has this logic: "If the door alarm sounds AND it is
after six p.m. AND it is NOT a holiday, OR if it is a weekend, then call the police." C++'s three
logical operators are used to make this kind of evaluation. These operators are listed in Table 4.2.

Table 4.2. The Logical Operators.
Operator Symbol Example

AND  &&  expressionl && expression2
OR | expressionl || expression2
NOT ! lexpression

Logical AND

A logical AND statement evaluates two expressions, and if both expressions are true, the logical
AND statement is true as well. If it is true that you are hungry, AND it is true that you have
money, THEN it is true that you can buy lunch. Thus,

if ((x==5) && (y ==5))

would evaluate TRUE if both x and y are equal to 5, and it would evaluate FALSE if either one
is not equal to 5. Note that both sides must be true for the entire expression to be true.

Note that the logical AND is two && symbols.

Logical OR

A logical OR statement evaluates two expressions. If either one is true, the expression is true. If
you have money OR you have a credit card, you can pay the bill. You don't need both money and
a credit card; you need only one, although having both would be fine as well. Thus,
if((x==5)I(y==9))

evaluates TRUE if either x or y is equal to 5, or if both are.

Note that the logical OR is two || symbols.

Logical NOT
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A logical NOT statement evaluates true if the expression being tested is false. Again, if the
expression being tested is false, the value of the test is TRUE! Thus

if (!(x==5))

is true only if x is not equal to 5. This is exactly the same as writing

if (x!=5)

Relational Precedence

Relational operators and logical operators, being C++ expressions, each return a value: 1
(TRUE) or 0 (FALSE). Like all expressions, they have a precedence order (see Appendix A) that
determines which relations are evaluated first. This fact is important when determining the value
of the statement

if(Xx>5&& y>5 ||z>5)

It might be that the programmer wanted this expression to evaluate TRUE if both x and y are
greater than 5 or if z is greater than 5. On the other hand, the programmer might have wanted this
expression to evaluate TRUE only if x is greater than 5 and if it is also true that either y is greater
than 5 or z is greater than 5.

If x is 3, and y and z are both 10, the first interpretation will be true (z is greater than 5, so ignore
x and y), but the second will be false (it isn't true that both x and y are greater than 5 nor is it true
that z is greater than 5).

Although precedence will determine which relation is evaluated first, parentheses can both
change the order and make the statement clearer:

if( (x>5) && (y>5]|| z>5))

Using the values from earlier, this statement is false. Because it is not true that x is greater than

5, the left side of the AND statement fails, and thus the entire statement is false. Remember that
an AND statement requires that both sides be true--something isn't both "good tasting” AND
"good for you" if it isn't good tasting.

NOTE: It is often a good idea to use extra parentheses to clarify what you want to group.
Remember, the goal is to write programs that work and that are easy to read and understand.

More About Truth and Falsehood

In C++, zero is false, and any other value is true. Because an expression always has a value,
many C++ programmers take advantage of this feature in their if statements. A statement such as
if (X) I if x is true (nonzero)

x=0;
can be read as "If x has a nonzero value, set it to 0." This is a bit of a cheat; it would be clearer if
written
if (x!1=0) //if xisnonzero

x=0;
Both statements are legal, but the latter is clearer. It is good programming practice to reserve the
former method for true tests of logic, rather than for testing for nonzero values.
These two statements also are equivalent:

if (1x) I1'if x is false (zero)
if x==0) //ifxiszero
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The second statement, however, is somewhat easier to understand and is more explicit.

DO put parentheses around your logical tests to make them clearer and to make the precedence
explicit. DO use braces in nested if statements to make the else statements clearer and to avoid
bugs. DON'T use if(x) as a synonym for if(x = 0); the latter is clearer. DON'T use if(Ix) as a
synonym for if(x == 0); the latter is clearer.

NOTE: It is common to define your own enumerated Boolean (logical) type with enum Bool
{FALSE, TRUE};. This serves to set FALSE to 0 and TRUE to 1.

Conditional (Ternary) Operator

The conditional operator (?:) is C++'s only ternary operator; that is, it is the only operator to take
three terms.

The conditional operator takes three expressions and returns a value:

(expressionl) ? (expression2) : (expression3)

This line is read as "If expressionl is true, return the value of expression2; otherwise, return the
value of expression3." Typically, this value would be assigned to a variable.

Listing 4.9 shows an if statement rewritten using the conditional operator.

Listing 4.9. A demonstration of the conditional operator.

1: // Listing 4.9 - demonstrates the conditional operator
2: 1

3: #include <iostream.h>

4: int main()

5 {

6: intx,y,z

7 cout << "Enter two numbers.\n";

8 cout << "First: ",

9

. cin>>X;
10:  cout << "™\nSecond: ";
11: cin>>vy;
12:  cout << ™\n";
13:
14: if (x>y)
15: Z=X,;
16: else
17: z=Yy,
18:

19: cout<<"z:"<<7z;
20:  cout << "\n":

22. 2= (x>y)?x:y,;

24: cout<<"z:" <<z
25:  cout << "\n";
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26: return O;

27}

Output: Enter two numbers.
First: 5

Second: 8

z:8

z:8

Analysis: Three integer variables are created: X, y, and z. The first two are given values by the
user. The if statement on line 14 tests to see which is larger and assigns the larger value to z. This
value is printed on line 19.

The conditional operator on line 22 makes the same test and assigns z the larger value. It is read
like this: "If x is greater than y, return the value of x; otherwise, return the value of y." The value
returned is assigned to z. That value is printed on line 24. As you can see, the conditional
statement is a shorter equivalent to the if...else statement.

Summary

This chapter has covered a lot of material. You have learned what C++ statements and
expressions are, what C++ operators do, and how C++ if statements work.

You have seen that a block of statements enclosed by a pair of braces can be used anywhere a
single statement can be used.

You have learned that every expression evaluates to a value, and that value can be tested in an if
statement or by using the conditional operator. You've also seen how to evaluate multiple
statements using the logical operator, how to compare values using the relational operators, and
how to assign values using the assignment operator.

You have explored operator precedence. And you have seen how parentheses can be used to
change the precedence and to make precedence explicit and thus easier to manage.

Q&A

Q. Why use unnecessary parentheses when precedence will determine which
operators are acted on first?

A. Although it is true that the compiler will know the precedence and that a programmer
can look up the precedence order, code that is easy to understand is easier to maintain.

Q. If the relational operators always return 1 or 0, why are other values considered
true?

A. The relational operators return 1 or 0, but every expression returns a value, and those
values can also be evaluated in an if statement. Here's an example:

if (x=a+b)==35)
This is a perfectly legal C++ statement. It evaluates to a value even if the sum ofaand b
is not equal to 35. Also note that x is assigned the value that is the sum of a and b in any
case.
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Q. What effect do tabs, spaces, and new lines have on the program?

A. Tabs, spaces, and new lines (known as whitespace) have no effect on the program,
although judicious use of whitespace can make the program easier to read.

Q. Are negative numbers true or false?
A. All nonzero numbers, positive and negative, are true.

Workshop

The Workshop provides quiz questions to help you solidify your understanding of the material
covered, and exercises to provide you with experience in using what you've learned. Try to
answer the quiz and exercise questions before checking the answers in Appendix D, and make
sure that you understand the answers before continuing to the next chapter.

Quiz

1. What is an expression?

2. 1s x =5+ 7 an expression? What is its value?

3. What is the value of 201 / 4?

4. What is the value of 201 % 4?

5. If myAge, a, and b are all int variables, what are their values after:
myAge = 39;
a = myAge++;
b = ++myAge;

6. What is the value of 8+2*3?

7. What is the difference between x = 3 and x == 3?

8. Do the following values evaluate to TRUE or FALSE?

a. 0

=0

1
-1
X
x == 0 // assume that x has the value of 0

b.
C.
d.
e.
Exercises

1. Write a single if statement that examines two integer variables and changes the larger
to the smaller, using only one else clause.
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2. Examine the following program. Imagine entering three numbers, and write what
output you expect.
1: #include <iostream.h>
2: int main()
3:{4:inta, b,c;
5: cout << "Please enter three numbers\n*;
6: cout << "a:";
7:cin >> g;
8: cout << "\nb: ";
9: cin >> b;
10: cout << "\nc: ";
11: cin >>¢;
12:
13:if (c = (a-b))
14: {cout << "a: ";
15: cout << g;
16: cout << "minus b: ";
17: cout << b;
18: cout << "equals c: ";
19: cout << ¢ << endl;}
20: else
21: cout << "a-b does not equal c: " << endl,
22: return O;
23}
3. Enter the program from Exercise 2; compile, link, and run it. Enter the numbers 20, 10,
and 50. Did you get the output you expected? Why not?

4. Examine this program and anticipate the output:
: #include <iostream.h>
- int main()
{
cinta=1,b=1,c;
-1 (c = (a-b))
: cout << "The value of cis: " << ¢;
> return 0;

¥

O~NOUAWNRE

5. Enter, compile, link, and run the program from Exercise 4. What was the output?
Why?
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More Program Flow

Programs accomplish most of their work by branching and looping. On the previous topic,
"Expressions and Statements,"” you learned how to branch your program using the i f statement.
Today you learn

e What loops are and how they are used.

e How to build various loops.
e An alternative to deeply-nested if/e1se Statements.

Looping
Many programming problems are solved by repeatedly acting on the same data. There are two
ways to do this: recursion (discussed in the previous chapter) and iteration. Iteration means doing
the same thing again and again. The principal method of iteration is the loop.

The Roots of Looping goto

In the primitive days of early computer science, programs were nasty, brutish, and short. Loops
consisted of a label, some statements, and a jump.

In C++, a label is just a name followed by a colon (:). The label is placed to the left of a legal
C++ statement, and a jump is accomplished by writing goto followed by the label name. Listing
4.1 illustrates this.

Listing 4.1. Looping with the keyword goto.

1: // Listing 4.1

2: // Looping with goto

3:

4: #include <iostream.h>

5:

6: int main ()

7 {

8: int counter = 0; // initialize counter

9: loop: counter ++; // top of the loop

10: cout << "counter: " << counter << "\n";

11: if (counter < 5) // test the value

12: goto loop; // jump to the top
13:

14: cout << "Complete. Counter: " << counter << ".\n";
15: return 0;

16: }

Output: counter: 1
counter: 2

counter: 3
counter: 4
counter: 5

Complete. Counter: 5.
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Analysis: On line 8, counter is initialized to 0. The label 100p is on line 9, marking the top of
the loop. counter is incremented and its new value is printed. The value of counter is tested on
line 11. If it is less than 5, the i statement is true and the goto Statement is executed. This
causes program execution to jJump back to line 9. The program continues looping until counter
is equal to 5, at which time it "falls through" the loop and the final output is printed.

Why goto Is Shunned

goto has received some rotten press lately, and it's well deserved. goto Statements can cause a
jump to any location in your source code, backward or forward. The indiscriminate use of goto
statements has caused tangled, miserable, impossible-to-read programs known as "spaghetti
code." Because of this, computer science teachers have spent the past 20 years drumming one
lesson into the heads of their students: "Never, ever, ever use goto! It is evill"

To avoid the use of goto, more sophisticated, tightly controlled looping commands have been
introduced: for, while, and do...while. Using these makes programs that are more easily
understood, and goto is generally avoided, but one might argue that the case has been a bit
overstated. Like any tool, carefully used and in the right hands, goto can be a useful construct,
and the ANSI committee decided to keep it in the language because it has its legitimate uses. But
as they say, kids, don't try this at home.

The goto Statement

To use the goto statement, you write goto followed by a label name. This causes an
unconditioned jump to the label. Example

if (value > 10) goto end;if (value < 10) goto end;cout << "value 1is
A10!";end:cout << "done";

WARNING: Use of goto is almost always a sign of bad design. The best advice is to avoid
using it. In 10 years of programming, I've needed it only once.

while Loops

A while loop causes your program to repeat a sequence of statements as long as the starting
condition remains true. In the example of goto, in Listing 6.1, the counter was incremented until
it was equal to 5. Listing 4.2 shows the same program rewritten to take advantage of a while
loop.

Listing 4.2. while loops.

// Listing 6.2
// Looping with while

#include <iostream.h>

g w N
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int main ()

{

O -1 o

int counter = 0; // initialize the condition
9:
10: while (counter < 5) // test condition still true
11: {
12: counter++; // body of the loop
13: cout << "counter: " << counter << "\n";
14: }
15:
16: cout << "Complete. Counter: " << counter << ".\n";
17: return 0;
18: }

Output: counter: 1
counter: 2

counter: 3

counter: 4

counter: 5

Complete. Counter: 5.

Analysis: This simple program demonstrates the fundamentals of the whiie loop. A condition is
tested, and if it is true, the body of the whi1e loop is executed. In this case, the condition tested
on line 10 is whether counter is less than 5. If the condition is true, the body of the loop is
executed; on line 12 the counter is incremented, and on line 13 the value is printed. When the
conditional statement on line 10 fails (when counter is no longer less than 5), the entire body of
the while loop (lines 11-14) is skipped. Program execution falls through to line 15.

The while Statement

The syntax for the whi1e statement is as follows:

while ( condition )
statement;

condition is any C++ expression, and statement is any valid C++ statement or block of
statements. When condition evaluates to TruE (1), statement is executed, and then condition is
tested again. This continues until condition tests ra1sk, at which time the while loop terminates
and execution continues on the first line below statement.

Example

// count to 10

int x = 0;

while (x < 10)

cout << "X: " << x++;

More Complicated while Statements

65



The condition tested by a whi1e loop can be as complex as any legal C++ expression. This can
include expressions produced using the logical s& (AND), | | (OR), and ! (NOT) operators.
Listing 4.3 is a somewhat more complicated while statement.

Listing 4.3. Complex while loops.

1: // Listing 4.3

2: // Complex while statements

3:

4 #include <iostream.h>

5:

6: int main ()

7 {

8: unsigned short small;

9: unsigned long large;

10: const unsigned short MAXSMALL=65535;

11:

12: cout << "Enter a small number: ";

13: cin >> small;

14: cout << "Enter a large number: ";

15: cin >> large;

16:

17: cout << "small: " << small << "...";

18:

19: // for each iteration, test three conditions
20: while (small < large && large > 0 && small < MAXSMALL)
21:

22 {

23: if (small % 5000 == 0) // write a dot every 5k lines
24 cout << ".";

25:

26: small++;

27

28: large-=2;

29: }

30:

31: cout << "\nSmall: " << small << " Large: " << large << endl;
32: return 0;

33: }

Output: Enter a small number: 2
Enter a large number: 100000
small: 2.........

Small: 33335 Large: 33334

Analysis: This program is a game. Enter two numbers, one small and one large. The smaller
number will count up by ones, and the larger number will count down by twos. The goal of the
game is to guess when they'll meet.

On lines 12-15, the numbers are entered. Line 20 sets up a while loop, which will continue only
as long as three conditions are met:

small IS not bigger than 1arge.

large iSN't negative.
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small doesn't overrun the size of a small integer (MAxSMALL).

On line 23, the value in sma11 is calculated modulo 5,000. This does not change the value in
small; however, it only returns the value o when sma11 is an exact multiple of 5,000. Each time
itis, a dot (.) is printed to the screen to show progress. On line 26, sma11 is incremented, and on
line 28, 1arge is decremented by 2.

When any of the three conditions in the whiie loop fails, the loop ends and execution of the
program continues after the whi1le loop's closing brace on line 29.

NOTE: The modulus operator (%) and compound conditions are covered on chapter 3,
"Variables and Constants."

continue and break

At times you'll want to return to the top of a wnhile loop before the entire set of statements in the
while loop is executed. The continue Statement jumps back to the top of the loop.

At other times, you may want to exit the loop before the exit conditions are met. The break
statement immediately exits the whi1e loop, and program execution resumes after the closing
brace.

Listing 6.4 demonstrates the use of these statements. This time the game has become more
complicated. The user is invited to enter a sma11 number and a 1arge humber, a skip humber,
and a target number. The sma11 number will be incremented by one, and the 1arge number
will be decremented by 2. The decrement will be skipped each time the sma11 number is a
multiple of the skip. The game ends if sma11 becomes larger than 1arge. If the 1arge number
reaches the target exactly, a statement is printed and the game stops.

The user's goal is to put in a target number for the 1arge number that will stop the game.

Listing 4.4. break and continue.

// Listing 4.4
// Demonstrates break and continue

#include <iostream.h>

int main ()
{
unsigned short small;
unsigned long large;
unsigned long skip;
unsigned long target;
const unsigned short MAXSMALL=65535;
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14: cout << "Enter a small number: ";

15: cin >> small;

16: cout << "Enter a large number: ";

17: cin >> large;

18: cout << "Enter a skip number: ";

19: cin >> skip;

20: cout << "Enter a target number: ";

21: cin >> target;

22

23: cout << "\n";

24:

25: // set up 3 stop conditions for the loop

26: while (small < large && large > 0 && small < 65535)
27:

28: {

29:

30: small++;

31:

32: if (small % skip == 0) // skip the decrement?
33: {

34: cout << "skipping on " << small << endl;

35: continue;

36: }

37:

38: if (large == target) // exact match for the target?
39: {

40: cout << "Target reached!";

41 : break;

42 }

43:

44 : large-=2;

45 } // end of while loop

46:

47 : cout << "\nSmall: " << small << " Large: " << large << endl;
48: return 0;

49: }

Output: Enter a small number: 2
Enter a large number: 20

Enter a skip number: 4

Enter a target number: 6
skipping on 4

skipping on 8

Small: 10 Large: 8

Analysis: In this play, the user lost; sma11 became larger than 1arge before the target number
of 6 was reached.

On line 26, the while conditions are tested. If sma11 continues to be smaller than 1arge, 1arge
is larger than 0, and sma11 hasn't overrun the maximum value for a small int, the body of the
while loop is entered.

On line 32, the sma11 value is taken modulo the skip value. If sma11 is a multiple of skip, the

continue Statement is reached and program execution jumps to the top of the loop at line 26.
This effectively skips over the test for the target and the decrement of 1arge.
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On line 38, target is tested against the value for 1arge. If they are the same, the user has won.
A message is printed and the break Statement is reached. This causes an immediate break out of
the while loop, and program execution resumes on line 46.

NOTE: Both continue and break should be used with caution. They are the next most
dangerous commands after goto, for much the same reason. Programs that suddenly change
direction are harder to understand, and liberal use of continue and break can render even a
small while loop unreadable.

The continue Statement

continue; CAUSES @ while Or for loop to begin again at the top of the loop. Example

if (value > 10)
goto end;

if (value < 10)
goto end;

cout << "value is 10!";
end:

cout << "done";

The break Statement

break; causes the immediate end of a while or for loop. Execution jumps to the closing brace.
Example

while (condition)
{
if (condition2)
break;
// statements;

while (1) Loops
The condition tested in a while loop can be any valid C++ expression. As long as that condition
remains true, the whiie loop will continue. You can create a loop that will never end by using

the number 1 for the condition to be tested. Since 1 is always true, the loop will never end, unless
a break Statement is reached. Listing 6.5 demonstrates counting to 10 using this construct.

Listing 4.5. while (1) loops.

1: // Listing 4.5
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2: // Demonstrates a while true loop
3:

4 #include <iostream.h>

5:

6: int main ()

7 {

8: int counter = 0;

9:

10: while (1)

11: {

12: counter ++;

13: if (counter > 10)

14: break;

15: }

16: cout << "Counter: " << counter << "\n";
17: return 0;

18:

Output: Counter: 11

Analysis: On line 10, a wnhile loop is set up with a condition that can never be false. The loop
increments the counter variable on line 12 and then on line 13 tests to see whether counter has
gone past 10. If it hasn't, the whi1e loop iterates. If counter is greater than 10, the break on line
14 ends the whi1le loop, and program execution falls through to line 16, where the results are
printed.

This program works, but it isn't pretty. This is a good example of using the wrong tool for the
job. The same thing can be accomplished by putting the test of counter's value where it belongs-
-in the whi1e condition.

WARNING: Eternal loops such as while (1) can cause your computer to hang if the exit
condition is never reached. Use these with caution and test them thoroughly.

C++ gives you many different ways to accomplish the same task. The real trick is picking the
right tool for the particular job.

DON'T use the goto statement. DO use while loops to iterate while a condition is true. DO
exercise caution when using continue and break Statements. DO make sure your loop will
eventually end.

do...while Loops
It is possible that the body of a whi1e loop will never execute. The while Statement checks its

condition before executing any of its statements, and if the condition evaluates fa1se, the entire
body of the whi1e loop is skipped. Listing 4.6 illustrates this.

Listing 4.6. Skipping the body of the while Loop.
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1: // Listing 6.6

2: // Demonstrates skipping the body of
3: // the while loop when the condition is false.
4:

5: #include <iostream.h>

6:

7 int main ()

8: {

9: int counter;

10: cout << "How many hellos?: ";

11: cin >> counter;

12: while (counter > 0)

13: {

14: cout << "Hello!\n";

15: counter--;

16: }

17: cout << "Counter is OutPut: " << counter;
18: return 0;

19: }

Output: How many hellos?: 2

Hello!

Hello!

Counter is OutPut: 0

How many hellos?: O
Counter is OutPut: 0

Analysis: The user is prompted for a starting value on line 10. This starting value is stored in the
integer variable counter. The value of counter is tested on line 12, and decremented in the
body of the whi1e loop. The first time through counter was set to 2, and so the body of the
while loop ran twice. The second time through, however, the user typed in 0. The value of
counter Was tested on line 12 and the condition was false; counter was not greater than o. The
entire body of the whi1e loop was skipped, and #e110 was never printed.

What if you want to ensure that se110 is always printed at least once? The whi1e loop can't
accomplish this, because the i £ condition is tested before any printing is done. You can force the
issue with an i £ statement just before entering the while:

if (counter < 1) // force a minimum value
counter = 1;

but that is what programmers call a "kludge," an ugly and inelegant solution.

do...while
The do. . .while loop executes the body of the loop before its condition is tested and ensures
that the body always executes at least one time. Listing 4.7 rewrites Listing 4.6, this time using a
do...while loop.
Listing 4.7. Demonstrates do...while loop.

1: // Listing 6.7
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2 // Demonstrates do while

3:

4 #include <iostream.h>

5:

6: int main ()

7 {

8: int counter;

9: cout << "How many hellos? ";
10: cin >> counter;

11: do

12: {

13: cout << "Hello\n";

14: counter--;

15: } while (counter >0 );

16: cout << "Counter is: " << counter << endl;
17: return O;

18: }

Output: How many hellos? 2
Hello

Hello

Counter is: 0

Analysis: The user is prompted for a starting value on line 9, which is stored in the integer
variable counter. Inthe do. . .while loop, the body of the loop is entered before the condition is
tested, and therefore the body of the loop is guaranteed to run at least once. On line 13 the
message is printed, on line 14 the counter is decremented, and on line 15 the condition is tested.
If the condition evaluates TrRUE, execution jumps to the top of the loop on line 13; otherwise, it
falls through to line 16.

The continue and break Statements work in the do. . .while loop exactly as they do in the
while loop. The only difference between a while loop and a do. . .while loop is when the
condition IS tested.

The do...while Statement

The syntax for the do. . .while statement is as follows:

do
statement
while (condition);

statement is executed, and then condition is evaluated. If condition is Trug, the loop is repeated,
otherwise, the loop ends. The statements and conditions are otherwise identical to the while
loop. Example 1

// count to 10

int x = 0;

do

cout << "X: " << x++;
while (x < 10)
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Example 2

// print lowercase alphabet.
char ch a';

do

{

cout << ch << ° 75

ch++;

} while ( ch <= “z' );

DO use do. . .while When you want to ensure the loop is executed at least once. DO use while
loops when you want to skip the loop if the condition is false. DO test all loops to make sure
they do what you expect.

for Loops
When programming while loops, you'll often find yourself setting up a starting condition, testing
to see if the condition is true, and incrementing or otherwise changing a variable each time
through the loop. Listing 4.8 demonstrates this.

Listing 4.8. While reexamined.

1: // Listing 6.8

2: // Looping with while

3:

4: #include <iostream.h>

5:

6: int main ()

7: {

8: int counter = 0;

9:

10: while (counter < 5)

11: {

12: counter++;

13: cout << "Looping! ";
14: }

15:

16: cout << "\nCounter: " << counter << ".\n";
17: return 0;

18: }

Output: Looping! Looping! Looping! Looping! Looping!
Counter: 5.

Analysis: The condition is set on line 8: counter is initialized to 0. On line 10, counter is tested
to see whether it is less than 5. counter is incremented on line 12. On line 16, a simple message
is printed, but you can imagine that more important work could be done for each increment of
the counter.

A for loop combines three steps into one statement. The three steps are initialization, test, and
increment. A for statement consists of the keyword for followed by a pair of parentheses.
Within the parentheses are three statements separated by semicolons.
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The first statement is the initialization. Any legal C++ statement can be put here, but typically
this is used to create and initialize a counting variable. Statement 2 is the test, and any legal C++
expression can be used here. This serves the same role as the condition in the whi1e loop.
Statement 3 is the action. Typically a value is incremented or decremented, though any legal
C++ statement can be put here. Note that statements 1 and 3 can be any legal C++ statement, but
statement 2 must be an expression--a C++ statement that returns a value. Listing 4.9
demonstrates a for loop.

Listing 4.9. Demonstrating the for loop.

1: // Listing 6.9

2: // Looping with for

3:

4: #include <iostream.h>

5:

6: int main ()

7 {

8: int counter;

9: for (counter = 0; counter < 5; counter++)
10: cout << "Looping! ";

11:

12: cout << "\nCounter: " << counter << ".\n";
13: return 0;

14: }

Output: Looping! Looping! Looping! Looping! Looping!
Counter: 5.

Analysis: The for statement on line 8 combines the initialization of counter, the test that
counter IS less than 5, and the increment of counter all into one line. The body of the for
statement is on line 9. Of course, a block could be used here as well.

The for Statement

The syntax for the for statement is as follows:

for (initialization; test; action )
statement;

The initialization statement is used to initialize the state of a counter, or to otherwise prepare for
the loop. test is any C++ expression and is evaluated each time through the loop. If test is TRUE,
the action in the header is executed (typically the counter is incremented) and then the body of
the for loop is executed. Example 1

// print Hello ten times
for (int i = 0; 1i<10; 1i++)
cout << "Hello! ";

Example 2
for (int 1 = 0; 1 < 10; i++)
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cout << "Hello!" << endl;
cout << "the value of 1 is: " << i << endl;

Advanced for Loops

for Statements are powerful and flexible. The three independent statements (initialization, test,
and action) lend themselves to a number of variations.

A for loop works in the following sequence:

1. Performs the operations in the initialization.

2. Evaluates the condition.

3. If the condition is TRUE, executes the action statement and the loop.
After each time through, the loop repeats steps 2 and 3. Multiple Initialization and Increments It
IS not uncommon to initialize more than one variable, to test a compound logical expression, and
to execute more than one statement. The initialization and the action may be replaced by multiple
C++ statements, each separated by a comma. Listing 4.10 demonstrates the initialization and

increment of two variables.

Listing 4.10. Demonstrating multiple statements in for loops.

1: //Listing 6.10

2: // demonstrates multiple statements in
3: // for loops

4:

5: #include <iostream.h>

6:

7 int main ()

8: {

9: for (int i=0, 3=0; i<3; 1i++, J++)
10: cout << "i: " << i1 << " J: " << J << endl;
11: return 0;

12: }

Output: i: 0 3J: O
i: 1 j3: 1
i 2 J: 2

Analysis: On line 9, two variables, i and 5, are each initialized with the value 0. The test (i<3) is
evaluated, and because it is true, the body of the rfor statement is executed, and the values are
printed. Finally, the third clause in the for statement is executed, and i and 5 are incremented.
Once line 10 completes, the condition is evaluated again, and if it remains true the actions are
repeated (i and 5 are again incremented), and the body of loop is executed again. This continues
until the test fails, in which case the action statement is not executed, and control falls out of the
loop. Null Statements in for Loops Any or all of the statements in a for loop can be null. To
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accomplish this, use the semicolon to mark where the statement would have been. To create a
for loop that acts exactly like a whi1e loop, leave out the first and third statements. Listing 4.11
illustrates this idea.

Listing 4.11. Null statements in for loops.

1: // Listing 6.11

2: // For loops with null statements
3:

4: #include <iostream.h>

5:

6: int main ()

7 {

8: int counter = 0;

9:

10: for( ; counter < 5; )

11: {

12: counter++;

13: cout << "Looping! ";

14: }

15:

16: cout << "\nCounter: " << counter << ".\n";
17: return 0;

18: }

output: Looping! Looping! Looping! Looping! Looping!
Counter: 5.

Analysis: You may recognize this as exactly like the whi1e loop illustrated in Listing 6.8! On
line 8, the counter variable is initialized. The for statement on line 10 does not initialize any
values, but it does include a test for counter < 5. There is no increment statement, so this loop
behaves exactly as if it had been written:

while (counter < 5)

Once again, C++ gives you a number of ways to accomplish the same thing. No experienced
C++ programmer would use a for loop in this way, but it does illustrate the flexibility of the for
statement. In fact, it is possible, using break and continue, to create a for loop with none of the
three statements. Listing 4.12 illustrates how.

Listing 4.12. lllustrating empty for loop statement.

1: //Listing 6.12 illustrating

2: //empty for loop statement

3:

4 #include <iostream.h>

5:

6: int main ()

7: {

8: int counter=0; // initialization
9: int max;

10: cout << "How many hellos?";
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11: cin >> max;

12: for (;;) // a for loop that doesn't end
13: {

14: if (counter < max) // test
15: {

16: cout << "Hello!\n";

17: counter++; // increment
18: }

19: else

20: break;

21: }

22 return 0;

23: }

Output: How many hellos?3
Hello!
Hello!
Hello!

Analysis: The for loop has now been pushed to its absolute limit. Initialization, test, and action
have all been taken out of the for statement. The initialization is done on line 8, before the for
loop begins. The test is done in a separate i £ statement on line 14, and if the test succeeds, the
action, an increment to counter, is performed on line 17. If the test fails, breaking out of the
loop occurs on line 20.

While this particular program is somewhat absurd, there are times when a for (; ;) loop or a
while (1) loop is just what you'll want. You'll see an example of a more reasonable use of such
loops when switch statements are discussed later today.

Empty for Loops
So much can be done in the header of a for statement, there are times you won't need the body
to do anything at all. In that case, be sure to put a null statement (;) as the body of the loop. The

semicolon can be on the same line as the header, but this is easy to overlook. Listing 4.13
illustrates how to use a null body in a for loop.

Listing 4.13. llustrates the null statement in a for loop.

1: //Listing 6.13

2: //Demonstrates null statement
3: // as body of for loop

4.

5: #include <iostream.h>

6: int main ()

7 {

8: for (int 1 = 0; 1<5; cout << "i: " << i++ << endl)
9: ;

10: return 0;

11: }

Output: i: O
i: 1
i: 2
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Analysis: The for loop on line 8 includes three statements: the initialization statement
establishes the counter i and initializes it to 0. The condition statement tests for i <5, and the
action statement prints the value in i and increments it.

There is nothing left to do in the body of the for loop, so the null statement (;) is used. Note that
this is not a well-designed for loop: the action statement is doing far too much. This would be
better rewritten as

8: for (int 1 = 0; 1<5; 1i++)

9: cout << "i: " << 1 << endl;

While both do exactly the same thing, this example is easier to understand.
Nested Loops
Loops may be nested, with one loop sitting in the body of another. The inner loop will be

executed in full for every execution of the outer loop. Listing 6.14 illustrates writing marks into a
matrix using nested for loops.

Listing 4.14. lllustrates nested for loops.

1: //Listing 6.14

2: //Illustrates nested for loops

3:

4 #include <iostream.h>

5:

o: int main ()

7 {

8: int rows, columns;

9: char theChar;

10: cout << "How many rows? ";
11: cin >> rows;

12: cout << "How many columns? ";
13: cin >> columns;

14: cout << "What character? ";
15: cin >> theChar;

16: for (int 1 = 0; i<rows; i++)
17: {

18: for (int j = 0; j<columns; Jj++)
19: cout << theChar;

20: cout << "\n";

21: }

22 return 0;

23: }

Output: How many rows? 4
How many columns? 12
What character? x
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XX XXXXXXXXXX
XX XXXXXXXXXX
KX XKXXKXXXKXXXX
KX XKXXKXXXKXXXX

Analysis: The user is prompted for the number of rows and co1umns and for a character to print.
The first for loop, on line 16, initializes a counter (i) to o, and then the body of the outer for
loop is run.

On line 18, the first line of the body of the outer for loop, another for loop is established. A
second counter (3) is also initialized to o, and the body of the inner for loop is executed. On line
19, the chosen character is printed, and control returns to the header of the inner for loop. Note
that the inner for loop is only one statement (the printing of the character). The condition is
tested (5 < columns) and if it evaluates true, 5 is incremented and the next character is printed.
This continues until 5 equals the number of columns.

Once the inner for loop fails its test, in this case after 12 xs are printed, execution falls through
to line 20, and a new line is printed. The outer for loop now returns to its header, where its
condition (i < rows) is tested. If this evaluates true, i is incremented and the body of the loop
is executed.

In the second iteration of the outer for loop, the inner for loop is started over. Thus, 5 is
reinitialized to o and the entire inner loop is run again.

The important idea here is that by using a nested loop, the inner loop is executed for each
iteration of the outer loop. Thus the character is printed co1umns times for each row.

NOTE: As an aside, many C++ programmers use the letters i and 5§ as counting variables. This
tradition goes all the way back to FORTRAN, in which the letters i, 5, k, 1, m, and n were the
only legal counting variables. Other programmers prefer to use more descriptive counter variable
names, such as ctr1 and ctr2. Using i and j in for loop headers should not cause much
confusion, however.

Scoping in for Loops

You will remember that variables are scoped to the block in which they are created. That is, a
local variable is visible only within the block in which it is created. It is important to note that
counting variables created in the header of a for loop are scoped to the outer block, not the inner
block. The implication of this is that if you have two for loops in the same function, you must
give them different counter variables, or they may interfere with one another.
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Summing Up Loops

On chapter 5, "Functions,” you learned how to solve the Fibonacci series problem using
recursion. To review briefly, a Fibonacci series starts with 1, 1, 2, 3, and all subsequent numbers
are the sum of the previous two:

1,1,2,3,5,8,13,21,34...
The nth Fibonacci number is the sum of the n-1 and the n-2 Fibonacci numbers. The problem

solved on Day 5 was finding the value of the nth Fibonacci number. This was done with
recursion. Listing 6.15 offers a solution using iteration.

Listing 4.15. Solving the nth Fibonacci numberusing iteration.

1: // Listing 6.15

2: // Demonstrates solving the nth

3: // Fibonacci number using iteration
4:

5: #include <iostream.h>

6:

7: typedef unsigned long int ULONG;

8:

9: ULONG fib (ULONG position);

10: int main{()

11:

12: ULONG answer, position;

13: cout << "Which position? ";
14: cin >> position;

15: cout << "\n";

16:

17: answer = fib(position);

18: cout << answer << " is the ";
19: cout << position << "th Fibonacci number.\n";
20: return 0;

21: }

22

23: ULONG fib (ULONG n)

24 {

25: ULONG minusTwo=1, minusOne=1, answer=2;
26:

27 if (n < 3)

28: return 1;

29:

30: for (n -= 3; n; n--)

31: {

32: minusTwo = minusOne;

33: minusOne = answer;

34: answer = minusOne + minusTwo;
35: }

36:

37: return answer;

38: }

Output: Which position? 4
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3 is the 4th Fibonacci number.
Which position? 5

5 is the 5th Fibonacci number.
Which position? 20

6765 is the 20th Fibonacci number.
Which position? 100

3314859971 is the 100th Fibonacci number.

Analysis: Listing 4.15 solves the Fibonacci series using iteration rather than recursion. This
approach is faster and uses less memory than the recursive solution.

On line 13, the user is asked for the position to check. The function £ib () is called, which
evaluates the position. If the position is less than 3, the function returns the value 1. Starting with
position 3, the function iterates using the following algorithm:

1. Establish the starting position: Fill variable answer with 2, minusTwo with 0 (answer-2), and
minusOne With 1 (answer-1). Decrement the position by 3, because the first two numbers are
handled by the starting position.

2. For every number, count up the Fibonacci series. This is done by
a. Putting the value currently in minusone int0 minusTwo.

b. Putting the value currently in answer iNt0 minusone.

. Adding minusone and minusTwo and putting the sum in answer.
d. Decrementing n.

3. When n reaches o, return the answer.

This is exactly how you would solve this problem with pencil and paper. If you were asked for
the fifth Fibonacci number, you would write:

and think, "two more to do.” You would then add 2+1 and write 3, and think, "one more to find."
Finally you would write 3+2 and the answer would be 5. In effect, you are shifting your attention
right one number each time through, and decrementing the number remaining to be found.

Note the condition tested on line 30 (n). This is a C++ idiom, and is exactly equivalentto n =
0. This for loop relies on the fact that when n reaches o it will evaluate fa1se, because o is false
in C++. The for loop header could have been written:

for (n-=3; n>0; n++)
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which might have been clearer. However, this idiom is so common in C++ that there is little
sense in fighting it.

Compile, link, and run this program, along with the recursive solution offered on Day 5. Try
finding position 25 and compare the time it takes each program. Recursion is elegant, but
because the function call brings a performance overhead, and because it is called so many times,
its performance is noticeably slower than iteration. Microcomputers tend to be optimized for the
arithmetic operations, so the iterative solution should be blazingly fast.

Be careful how large a number you enter. £ib grows quickly, and long integers will overflow
after a while.

switch Statements

On chapter 4, you saw how to write i f and if/e1se Statements. These can become quite
confusing when nested too deeply, and C++ offers an alternative. Unlike i £, which evaluates one
value, switch statements allow you to branch on any of a number of different values. The
general form of the switch statement is:

switch (expression)

{

case valueOne: statement;

break;
case valueTwo: statement;
break;
case valueN: statement;
break;
default: statement;

}

expression is any legal C++ expression, and the statements are any legal C++ statements or block
of statements. switch evaluates expression and compares the result to each of the case values.
Note, however, that the evaluation is only for equality; relational operators may not be used here,
nor can Boolean operations.

If one of the case values matches the expression, execution jumps to those statements and
continues to the end of the switch block, unless a break statement is encountered. If nothing
matches, execution branches to the optional defau1t statement. If there is no default and there is
no matching value, execution falls through the switch statement and the statement ends.

NOTE: It is almost always a good idea to have a default case in switch Statements. If you
have no other need for the default, use it to test for the supposedly impossible case, and print
out an error message; this can be a tremendous aid in debugging.
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It is important to note that if there is no break statement at the end of a case statement,
execution will fall through to the next case statement. This is sometimes necessary, but usually
is an error. If you decide to let execution fall through, be sure to put a comment, indicating that
you didn't just forget the break.

Listing 4.16 illustrates use of the switch statement.

Listing 4.16. Demonstrating the switch statement.

1: //Listing 6.16

2: // Demonstrates switch statement

3:

4: #include <iostream.h>

5:

o: int main ()

7 {

8: unsigned short int number;

9: cout << "Enter a number between 1 and 5: ";

10: cin >> number;

11: switch (number)

12: {

13: case 0: cout << "Too small, sorry!";

14: break;

15: case 5: cout << "Good job!\n"; // fall through
16: case 4: cout << "Nice Pick!\n"; // fall through
17: case 3: cout << "Excellent!\n"; // fall through
18: case 2: cout << "Masterful!\n"; // fall through
19: case 1: cout << "Incredible!\n";

20: break;

21: default: cout << "Too large!\n";

22 break;

23: }

24 cout << "\n\n";

25: return 0;

26: }

Output: Enter a number between 1 and 5: 3
Excellent!
Masterful!
Incredible!

Enter a number between 1 and 5: 8
Too large!

Analysis: The user is prompted for a number. That number is given to the switch statement. If
the number is 0, the case statement on line 13 matches, the message Too small, sorry! IS
printed, and the break statement ends the switch. If the value is 5, execution switches to line 15
where a message is printed, and then falls through to line 16, another message is printed, and so
forth until hitting the break on line 20.

The net effect of these statements is that for a number between 1 and 5, that many messages are
printed. If the value of number is not 0-5, it is assumed to be too large, and the default
statement is invoked on line 21.
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The switch Statement

The syntax for the switch statement is as follows:

switch (expression)

{
case valueOne: statement;
case valueTwo: statement;

case valueN: statement
default: statement;

}

The switcnh statement allows for branching on multiple values of expression. The expression is
evaluated, and if it matches any of the case values, execution jumps to that line. Execution
continues until either the end of the switch statement or a break Statement is encountered. If
expression does not match any of the case statements, and if there is a default statement,
execution switches to the default statement, otherwise the switch statement ends. Example 1

switch (choice)

{

case 0:
cout << "Zero!" << endl;
break
case 1:
cout << "One!" << endl;
break;
case 2:
cout << "Two!" << endl;
default:

cout << "Default!" << endl;
}

Example 2

switch (choice)

{

choice O0:

choice 1:

choice 2:
cout << "Less than 3!";
break;

choice 3:
cout << "Equals 3!";
break;

default:
cout << "greater than 3!";

}
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Using a switch Statement with a Menu

Listing 6.17 returns to the for (; ;) loop discussed earlier. These loops are also called forever
loops, as they will loop forever if a break is not encountered. The forever loop is used to put up
a menu, solicit a choice from the user, act on the choice, and then return to the menu. This will
continue until the user chooses to exit.

NOTE: Some programmers like to write

#define EVER ;;
for (EVER)
{

// statements...

}

New Term: A forever loop is a loop that does not have an exit condition. In order to exit
the loop, a break Statement must be used. Forever loops are also known as eternal loops.

Listing 4.17. Demonstrating a forever loop.

1: //Listing 6.17

2: //Using a forever loop to manage
3: //user interaction

4 #include <iostream.h>

5:

6: // types & defines

7: enum BOOL { FALSE, TRUE };

8: typedef unsigned short int USHORT;
9:

10: // prototypes

11: USHORT menu () ;

12: void DoTaskOne () ;

13: void DoTaskMany (USHORT) ;

14:

15: int main ()

l6: {

17:

18: BOOL exit = FALSE;

19: for (;;)

20: {

21: USHORT choice = menu/():;
22 switch (choice)

23: {

24: case (1):

25: DoTaskOne () ;
26: break;

277 case (2):

28 DoTaskMany (2) ;
29 break;

30: case (3):

31 DoTaskMany (3) ;
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32: break;

33: case (4):

34: continue; // redundant!
35: break;

36: case (5):

37: ex1t=TRUE;

38: break;

39: default:

40: cout << "Please select again!\n";
41: break;

42 } // end switch
43:

44 . if (exit)

45: break;

46: } // end forever
47 : return 0;

48: } // end main ()
49:

50: USHORT menu ()

51: {

52: USHORT choice;

53:

54: cout << " **x** Menu ****x\n\n";
55: cout << " (1) Choice one.\n";
56: cout << " (2) Choice two.\n";
57: cout << " (3) Choice three.\n";
58: cout << "(4) Redisplay menu.\n";
59: cout << " (5) Quit.\n\n";

60: cout << ": ";

61l: cin >> choice;

62: return choice;

63: }

64 :

65: void DoTaskOne ()

66: {

67: cout << "Task One!\n";

68: }

69:

70: void DoTaskMany (USHORT which)

71 {

72 if (which == 2)

73: cout << "Task Two!\n";

74 : else

75: cout << "Task Three!\n";
76: }

Output: **** Menu ****

(1) Choice one.

(2) Choice two.

(3) Choice three.
(4) Redisplay menu.
(5) Quit.

Task One!
* Kk Kk Kx Menu * Kk Kk Kx
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Choice one.
Choice two.
Choice three.
Redisplay menu.
Quit.

g w N

: 3
Task Three!

* k k% Menu * k k%

1) Choice one.

) Choice two.

) Choice three.

) Redisplay menu.
) Quit.

Analysis: This program brings together a number of concepts from this chapter and previous
chapters. It also shows a common use of the switch statement. On line 7, an enumeration, Boot,
is created, with two possible values: FaLsE, which equals o, as it should, and Trug, which equals
1. On line 8, typeder£ is used to create an alias, usHoRT, for unsigned short int.

The forever loop begins on 19. The menu () function is called, which prints the menu to the
screen and returns the user's selection. The switch statement, which begins on line 22 and ends
on line 42, switches on the user's choice.

If the user enters 1, execution jumps to the case 1: statement on line 24. Line 25 switches
execution to the poTaskone () function, which prints a message and returns. On its return,
execution resumes on line 26, where the break ends the switch statement, and execution falls
through to line 43. On line 44, the variable exit is evaluated. If it evaluates true, the break on
line 45 will be executed and the for (; ;) loop will end, but if it evaluates fa1se, execution
resumes at the top of the loop on line 19.

Note that the continue statement on line 34 is redundant. If it were left out and the break
statement were encountered, the switch would end, exit would evaluate ra1.sE, the loop would
reiterate, and the menu would be reprinted. The continue does, however, bypass the test of

exit.

DO use switch statements to avoid deeply nested i £ statements. DON'T forget break at the end
of each case unless you wish to fall through. DO carefully document all intentional fall-through
cases. DO put a default case in switch Statements, if only to detect seemingly impossible
situations.

Summary

There are different ways to cause a C++ program to loop. wniie loops check a condition, and if
it is true, execute the statements in the body of the loop. do. . .while loops execute the body of
the loop and then test the condition. for loops initialize a value, then test an expression. If an
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expression is true, the final statement in the for header is executed, as is the body of the loop.
Each subsequent time through the loop the expression is tested again.

The goto statement is generally avoided, as it causes an unconditional jump to a seemingly
arbitrary location in the code,s and thus makes source code difficult to understand and maintain.
continue CaUSES while, do...while, and for lOOpS to start over, and break Causes while,
do...while, for, and switch statements to end.

Q&A
Q. How do you choose between if/else and switch?

A. If there are more than just one or two e1se clauses, and all are testing the same value,
consider using a switch statement.

Q. How do you choose between while and do...while?

A. If the body of the loop should always execute at least once, consider a do. . .while
loop; otherwise, try to use the whi1e loop.

Q. How do you choose between while and for?

A If you are initializing a counting variable, testing that variable, and incrementing it
each time through the loop, consider the for loop. If your variable is already initialized
and is not incremented on each loop, a while loop may be the better choice.

Q. How do you choose between recursion and iteration?

A. Some problems cry out for recursion, but most problems will yield to iteration as well.
Put recursion in your back pocket; it may come in handy someday.

Q. Is it better to use while (1) or for (;;)?
A. There is no significant difference.
Workshop
The Workshop provides quiz questions to help you solidify your understanding of the material
covered, as well as exercises to provide you with experience in using what you've learned. Try to

answer the quiz and exercise questions before checking the answers in Appendix D, and make
sure you understand the answers before continuing to the next chapter.

Quiz
1. How do I initialize more than one variable in a for loop?
2. Why is goto avoided?
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3. Is it possible to write a for loop with a body that is never executed?
4. Is it possible to nest while loops within for loops?
5. Is it possible to create a loop that never ends? Give an example.
6. What happens if you create a loop that never ends?
Exercises

1. What is the value of x when the for loop completes?
for (int x = 0; x < 100; =x++)

2. Write a nested for loop that prints a 10x10 pattern of os.
3. Write a for statement to count from 100 to 200 by 2s.

4. Write a while loop to count from 100 to 200 by 2s.

5. Write a do. . .while loop to count from 100 to 200 by 2s.

6. BUG BUSTERS: What is wrong with this code?
int counter = 0
while (counter < 10)

{
cout << "counter: " << counter;
}

7. BUG BUSTERS: What is wrong with this code?
for (int counter = 0; counter < 10; counter++);
cout << counter << " ";

8. BUG BUSTERS: What is wrong with this code?
int counter = 100;
while (counter < 10)

{
cout << "counter now: " << counter;
counter—--;

}
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Chapter 5

Functions

Although object-oriented programming has shifted attention from functions and toward objects,
functions nonetheless remain a central component of any program. Today you will learn

e What a function is and what its parts are.
« How to declare and define functions.

e How to pass parameters into functions.

e How to return a value from a function.

What Is a Function?

A function is, in effect, a subprogram that can act on data and return a value. Every C++ program
has at least one function, main (). When your program starts, main () is called automatically.
main () might call other functions, some of which might call still others.

Each function has its own name, and when that name is encountered, the execution of the
program branches to the body of that function. When the function returns, execution resumes on
the next line of the calling function. This flow is illustrated in Figure 5.1.

Figure 5.1. lllusrtation of flow

When a program calls a function, execution switches to the function and then resumes at the line
after the function call. Well-designed functions perform a specific and easily understood task.
Complicated tasks should be broken down into multiple functions, and then each can be called in
turn.

Functions come in two varieties: user-defined and built-in. Built-in functions are part of your
compiler package--they are supplied by the manufacturer for your use.

Declaring and Defining Functions
Using functions in your program requires that you first declare the function and that you then
define the function. The declaration tells the compiler the name, return type, and parameters of
the function. The definition tells the compiler how the function works. No function can be called
from any other function that hasn't first been declared. The declaration of a function is called its
prototype.
Declaring the Function

There are three ways to declare a function:
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« Write your prototype into a file, and then use the #inc1ude directive to include it in your
program.

o Write the prototype into the file in which your function is used.

o Define the function before it is called by any other function. When you do this, the
definition acts as its own declaration.

Although you can define the function before using it, and thus avoid the necessity of creating a
function prototype, this is not good programming practice for three reasons.

First, it is a bad idea to require that functions appear in a file in a particular order. Doing so
makes it hard to maintain the program as requirements change.

Second, it is possible that function a () needs to be able to call function B (), but function & ()
also needs to be able to call function a () under some circumstances. It is not possible to define
function a () before you define function 8 () and also to define function B () before you define
function a (), so at least one of them must be declared in any case.

Third, function prototypes are a good and powerful debugging technique. If your prototype
declares that your function takes a particular set of parameters, or that it returns a particular type
of value, and then your function does not match the prototype, the compiler can flag your error
instead of waiting for it to show itself when you run the program.

Function Prototypes

Many of the built-in functions you use will have their function prototypes already written in the
files you include in your program by using #inc1ude. For functions you write yourself, you must
include the prototype.

The function prototype is a statement, which means it ends with a semicolon. It consists of the
function’s return type, name, and parameter list.

The parameter list is a list of all the parameters and their types, separated by commas. Figure 5.2
illustrates the parts of the function prototype.

Figure 5.2. Parts of a function prototype.

The function prototype and the function definition must agree exactly about the return type, the
name, and the parameter list. If they do not agree, you will get a compile-time error. Note,
however, that the function prototype does not need to contain the names of the parameters, just
their types. A prototype that looks like this is perfectly legal:

long Area(int, int);
This prototype declares a function named area () that returns a 1ong and that has two

parameters, both integers. Although this is legal, it is not a good idea. Adding parameter names
makes your prototype clearer. The same function with named parameters might be
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long Area(int length, int width);

It is now obvious what this function does and what the parameters are.

Note that all functions have a return type. If none is explicitly stated, the return type defaults to
int. Your programs will be easier to understand, however, if you explicitly declare the return

type of every function, including main (). Listing 5.1 demonstrates a program that includes a
function prototype for the area () function.

Listing 5.1. A function declaration and the definition and use of that function.

1: // Listing 5.1 - demonstrates the use of function prototypes
2

3: typedef unsigned short USHORT;

4. #include <iostream.h>

5: USHORT FindArea (USHORT length, USHORT width); //function prototype
6:

7 int main ()

8: {

9: USHORT lengthOfYard;

10: USHORT widthOfYard;

11: USHORT areaOfYard;

12:

13: cout << "\nHow wide is your yard? ";

14: cin >> widthOfYard;

15: cout << "\nHow long is your yard? ";

16: cin >> lengthOfYard;

17:

18: areaOfYard= FindArea (lengthOfYard,widthOfYard) ;
19:

20: cout << "\nYour yard is ";

21: cout << areaOfYard;

22: cout << " square feet\n\n";

23: return 0;

24 }

25:

26: USHORT FindArea (USHORT 1, USHORT w)

27 {

28: return 1 * w;

29: }

Output: How wide is your yard? 100
How long is your yard? 200

Your yard is 20000 square feet

Analysis: The prototype for the rindarea () function is on line 5. Compare the prototype with
the definition of the function on line 26. Note that the name, the return type, and the parameter
types are the same. If they were different, a compiler error would have been generated. In fact,
the only required difference is that the function prototype ends with a semicolon and has no
body.

Also note that the parameter names in the prototype are 1ength and width, but the parameter
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names in the definition are 1 and w. As discussed, the names in the prototype are not used; they
are there as information to the programmer. When they are included, they should match the
implementation when possible. This is a matter of good programming style and reduces
confusion, but it is not required, as you see here.

The arguments are passed in to the function in the order in which they are declared and defined,
but there is no matching of the names. Had you passed in widthofvard, followed by
lengthOfYard, the Findarea () function would have used the value in widthofyard for 1ength
and 1engthofyard for width. The body of the function is always enclosed in braces, even when
it consists of only one statement, as in this case.

Defining the Function
The definition of a function consists of the function header and its body. The header is exactly
like the function prototype, except that the parameters must be named, and there is no

terminating semicolon.

The body of the function is a set of statements enclosed in braces. Figure 5.3 shows the header
and body of a function.

Figure 5.3. The header and body of a function.

Functions
Function Prototype Syntax
return type function name ( [type [parameterName]]...);
Function Definition Syntax
return type function name ( [type parameterName]...)

{

statements;

}

A function prototype tells the compiler the return type, name, and parameter list. Func-tions are
not required to have parameters, and if they do, the prototype is not required to list their names,
only their types. A prototype always ends with a semicolon (;). A function definition must agree
in return type and parameter list with its prototype. It must provide names for all the parameters,
and the body of the function definition must be surrounded by braces. All statements within the
body of the function must be terminated with semicolons, but the function itself is not ended
with a semicolon; it ends with a closing brace. If the function returns a value, it should end with
a return statement, although return statements can legally appear anywhere in the body of the
function. Every function has a return type. If one is not explicitly designated, the return type will
be int. Be sure to give every function an explicit return type. If a function does not return a
value, its return type will be void.
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Function Prototype Examples

long FindArea (long length, long width); // returns long, has two parameters
void PrintMessage (int messageNumber); // returns void, has one parameter
int GetChoice () ; // returns int, has no parameters
BadFunction () ; // returns int, has no parameters

Function Definition Examples
long Area(long 1, long w)
{

return 1 * w;

}

void PrintMessage (int whichMsqg)
{
if (whichMsg == 0)
cout << "Hello.\n";
if (whichMsg == 1)
cout << "Goodbye.\n";
if (whichMsg > 1)
cout << "I'm confused.\n";

Execution of Functions

When you call a function, execution begins with the first statement after the opening brace ({).
Branching can be accomplished by using the if statement (and related statements that will be
discussed on chapter 4, "More Program Flow"). Functions can also call other functions and can
even call themselves (see the section "Recursion," later in this chapter).

Local Variables

Not only can you pass in variables to the function, but you also can declare variables within the
body of the function. This is done using local variables, so named because they exist only locally
within the function itself. When the function returns, the local variables are no longer available.

Local variables are defined like any other variables. The parameters passed in to the function are
also considered local variables and can be used exactly as if they had been defined within the

body of the function. Listing 5.2 is an example of using parameters and locally defined variables
within a function.

Listing 5.2. The use of local variables and parameters.
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1: #include <iostream.h>

2

3: float Convert (float);

4. int main ()

5: {

6: float TempFer;

7 float TempCel;

8:

9: cout << "Please enter the temperature in Fahrenheit: ";
10: cin >> TempFer;

11: TempCel = Convert (TempFer);

12: cout << "\nHere's the temperature in Celsius: ";
13: cout << TempCel << endl;

14: return 0;

15: }

16:

17: float Convert (float TempFer)

18: {

19: float TempCel;

20: TempCel = ((TempFer - 32) * 5) / 9;
21: return TempCel;

22: '}

Output: Please enter the temperature in Fahrenheit: 212
Here's the temperature in Celsius: 100

Please enter the temperature in Fahrenheit: 32

Here's the temperature in Celsius: 0

Please enter the temperature in Fahrenheit: 85

Here's the temperature in Celsius: 29.4444

Analysis: On lines 6 and 7, two f1o0at variables are declared, one to hold the temperature in
Fahrenheit and one to hold the temperature in degrees Celsius. The user is prompted to enter a
Fahrenheit temperature on line 9, and that value is passed to the function convert ().

Execution jumps to the first line of the function convert () on line 19, where a local variable,
also named Tempce1, is declared. Note that this local variable is not the same as the variable
TempCel ON line 7. This variable exists only within the function convert (). The value passed as
a parameter, TempFer, is also just a local copy of the variable passed in by main ().

This function could have named the parameter FerTemp and the local variable ce1Temp, and the
program would work equally well. You can enter these names again and recompile the program
to see this work.

The local function variable Tempce1 is assigned the value that results from subtracting 32 from
the parameter Temprer, multiplying by 5, and then dividing by 9. This value is then returned as
the return value of the function, and on line 11 it is assigned to the variable Tempce1 in the
main () function. The value is printed on line 13.

The program is run three times. The first time, the value 212 is passed in to ensure that the
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boiling point of water in degrees Fahrenheit (212) generates the correct answer in degrees
Celsius (100). The second test is the freezing point of water. The third test is a random number
chosen to generate a fractional result.

As an exercise, try entering the program again with other variable names as illustrated here:

1: #include <iostream.h>

2

3: float Convert (float);

4: int main ()

5: {

6: float TempFer;

7 float TempCel;

8:

9: cout << "Please enter the temperature in Fahrenheit: ";
10: cin >> TempFer;

11: TempCel = Convert (TempFer);
12: cout << "\nHere's the temperature in Celsius: ";
13: cout << TempCel << endl;

14: }

15:

16: float Convert (float Fer)

17: {

18: float Cel;

19: Cel = ((Fer - 32) * 5) / 9;
20: return Cel;

21: }

You should get the same results.

New Term: A variable has scope, which determines how long it is available to your
program and where it can be accessed. Variables declared within a block are scoped to
that block; they can be accessed only within that block and "go out of existence” when
that block ends. Global variables have global scope and are available anywhere within
your program.

Normally scope is obvious, but there are some tricky exceptions. Currently, variables declared
within the header of a for l0oOp (for int i = 0; i<Somevalue; i++) are scoped to the block
in which the for loop is created, but there is talk of changing this in the official C++ standard.

None of this matters very much if you are careful not to reuse your variable names within any
given function.

Global Variables

Variables defined outside of any function have global scope and thus are available from any
function in the program, including main ().

96



Local variables with the same name as global variables do not change the global variables. A
local variable with the same name as a global variable hides the global variable, however. If a
function has a variable with the same name as a global variable, the name refers to the local
variable--not the global--when used within the function. Listing 5.3 illustrates these points.

Listing 5.3. Demonstrating global and local variables.

1: #include <iostream.h>

2: void myFunction () ; // prototype

3:

4: int x =5, v = 7; // global variables
5: int main ()

6: {

7

8: cout << "x from main: " << x << "\n";

9: cout << "y from main: " << y << "\n\n";

10: myFunction () ;

11: cout << "Back from myFunction!\n\n";

12: cout << "x from main: " << x << "\n";

13: cout << "y from main: " << y << "\n";

14: return 0;

15: }

16:

17: wvoid myFunction ()

18: {

19: int y = 10;

20:

21: cout << "x from myFunction: " << x << "\n";
22 cout << "y from myFunction: " << y << "\n\n";
23: }

Output: x from main: 5
y from main: 7

x from myFunction: 5
y from myFunction: 10

Back from myFunction!

x from main: 5
y from main: 7

Analysis: This simple program illustrates a few key, and potentially confusing, points about
local and global variables. On line 1, two global variables, x and vy, are declared. The global
variable x is initialized with the value s, and the global variable v is initialized with the value 7.
On lines 8 and 9 in the function main (), these values are printed to the screen. Note that the
function main () defines neither variable; because they are global, they are already available to

main ().
When myFunction () is called on line 10, program execution passes to line 18, and a local

variable, y, is defined and initialized with the value 10. On line 21, myFunction () prints the
value of the variable %, and the global variable x is used, just as it was in main (). On line 22,
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however, when the variable name v is used, the local variable y is used, hiding the global
variable with the same name.

The function call ends, and control returns to main (), which again prints the values in the global
variables. Note that the global variable y was totally unaffected by the value assigned to
myFunction ()'S local y variable.

Global Variables: A Word of Caution

In C++, global variables are legal, but they are almost never used. C++ grew out of C, and in C
global variables are a dangerous but necessary tool. They are necessary because there are times
when the programmer needs to make data available to many functions and he does not want to
pass that data as a parameter from function to function.

Globals are dangerous because they are shared data, and one function can change a global
variable in a way that is invisible to another function. This can and does create bugs that are very
difficult to find.

More on Local Variables

Variables declared within the function are said to have "local scope.” That means, as discussed,
that they are visible and usable only within the function in which they are defined. In fact, in
C++ you can define variables anywhere within the function, not just at its top. The scope of the
variable is the block in which it is defined. Thus, if you define a variable inside a set of braces
within the function, that variable is available only within that block. Listing 5.4 illustrates this
idea.

Listing 5.4. Variables scoped within a block.

1: // Listing 5.4 - demonstrates variables
2: // scoped within a block

3:

4: #include <iostream.h>

5:

6: void myFunc () ;

7

8: int main ()

9: {

10: int x = 5;

11: cout << "\nIn main x is: " << x;
12:

13: myFunc () ;

14:

15: cout << "\nBack in main, x is: " << x;
16: return 0;

17: }

18:

19: void myFunc ()

20: {

21
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22 int x = 8;

23: cout << "\nIn myFunc, local x: " << x << endl;
24

25: {

26: cout << "\nIn block in myFunc, x is: " << x;
27:

28: int x = 9;

29:

30: cout << "\nVery local x: " << x;

31: }

32:

33: cout << "\nOut of block, in myFunc, x: " << x << endl;
34: }

Output: In main x is: 5
In myFunc, local x: 8

In block in myFunc, x is: 8
Very local x: 9
Out of block, in myFunc, x: 8

Back in main, x is: 5

Analysis: This program begins with the initialization of a local variable, x, on line 10, in main ().
The printout on line 11 verifies that x was initialized with the value 5.

MyFunc () IS called, and a local variable, also named x, is initialized with the value s on line 22.
Its value is printed on line 23.

A block is started on line 25, and the variable x from the function is printed again on line 26. A
new variable also named x, but local to the block, is created on line 28 and initialized with the
value o.

The value of the newest variable x is printed on line 30. The local block ends on line 31, and the
variable created on line 28 goes "out of scope" and is no longer visible.

When x is printed on line 33, it is the x that was declared on line 22. This x was unaffected by
the x that was defined on line 28; its value is still s.

On line 34, uyFunc () goes out of scope, and its local variable x becomes unavailable. Execution
returns to line 15, and the value of the local variable x, which was created on line 10, is printed.
It was unaffected by either of the variables defined in MyFunc ().

Needless to say, this program would be far less confusing if these three variables were given
unigue names!

Function Statements

There is virtually no limit to the number or types of statements that can be in a function body.
Although you can't define another function from within a function, you can call a function, and
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of course main () does just that in nearly every C++ program. Functions can even call
themselves, which is discussed soon, in the section on recursion.

Although there is no limit to the size of a function in C++, well-designed functions tend to be
small. Many programmers advise keeping your functions short enough to fit on a single screen so
that you can see the entire function at one time. This is a rule of thumb, often broken by very
good programmers, but a smaller function is easier to understand and maintain.

Each function should carry out a single, easily understood task. If your functions start getting
large, look for places where you can divide them into component tasks.

Function Arguments

Function arguments do not have to all be of the same type. It is perfectly reasonable to write a
function that takes an integer, two 10ongs, and a character as its arguments.

Any valid C++ expression can be a function argument, including constants, mathematical and
logical expressions, and other functions that return a value.

Using Functions as Parameters to Functions

Although it is legal for one function to take as a parameter a second function that returns a value,
it can make for code that is hard to read and hard to debug.

As an example, say you have the functions double (), triple (), square (), and cube (), each of
which returns a value. You could write

Answer = (double (triple (square (cube (myValue))))):

This statement takes a variable, myvaiue, and passes it as an argument to the function cube (),
whose return value is passed as an argument to the function square (), whose return value is in
turn passed to triple (), and that return value is passed to double (). The return value of this
doubled, tripled, squared, and cubed number is now passed to answer.

It is difficult to be certain what this code does (was the value tripled before or after it was
squared?), and if the answer is wrong it will be hard to figure out which function failed.

An alternative is to assign each step to its own intermediate variable:

unsigned long myValue 2;

unsigned long cubed = cube (myValue) ; // cubed = 8
unsigned long squared = square (cubed) ; // squared = 64
unsigned long tripled = triple (squared); // tripled = 196
unsigned long Answer = double (tripled); // Answer = 392

Now each intermediate result can be examined, and the order of execution is explicit.
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Parameters Are Local Variables

The arguments passed in to the function are local to the function. Changes made to the
arguments do not affect the values in the calling function. This is known as passing by value,
which means a local copy of each argument is made in the function. These local copies are
treated just like any other local variables. Listing 5.5 illustrates this point.

Listing 5.5. A demonstration of passing by value.

1: // Listing 5.5 - demonstrates passing by value

2

3: #include <iostream.h>

4:

5: void swap (int x, int vy);

6:

7 int main ()

8: {

9: int x =5, y = 10;

10:

11: cout << "Main. Before swap, x: " << x << " y: " << y << "\n";
12: swap (x,V);

13: cout << "Main. After swap, x: " << x << " y: " << y << "\n";
14: return 0;

15: }

16:

17: void swap (int x, int vy)

18: {

19: int temp;

20:

21: cout << "Swap. Before swap, x: " << x << " y: " << y << "\n";
22

23: temp = x;

24 X = y;

25: y = temp;

26:

27 cout << "Swap. After swap, x: " << x << " y: " << y << "\n";
28:

29: }

Output: Main. Before swap, x: 5 y: 10
Swap. Before swap, x: 5 y: 10
Swap. After swap, x: 10 y: 5
Main. After swap, x: 5 y: 10

Analysis: This program initializes two variables in main () and then passes them to the swap ()
function, which appears to swap them. When they are examined again in main (), however, they
are unchanged!

The variables are initialized on line 9, and their values are displayed on line 11. swap () is called,
and the variables are passed in.

Execution of the program switches to the swap () function, where on line 21 the values are
printed again. They are in the same order as they were in main (), as expected. On lines 23 to 25
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the values are swapped, and this action is confirmed by the printout on line 27. Indeed, while in
the swap () function, the values are swapped.

Execution then returns to line 13, back in main (), where the values are no longer swapped.

As you've figured out, the values passed in to the swap () function are passed by value, meaning
that copies of the values are made that are local to swap (). These local variables are swapped in
lines 23 to 25, but the variables back in main () are unaffected.

Return Values

Functions return a value or return void. void is a signal to the compiler that no value will be
returned.

To return a value from a function, write the keyword return followed by the value you want to
return. The value might itself be an expression that returns a value. For example:

return 5;
return (x > 5);
return (MyFunction());

These are all legal return statements, assuming that the function MmyFunction () itself returns a
value. The value in the second statement, return (x > 5), will be zero if x is not greater than
5, or it will be 1. What is returned is the value of the expression, o (false) or 1 (true), not the
value of x.

When the return keyword is encountered, the expression following return is returned as the
value of the function. Program execution returns immediately to the calling function, and any
statements following the return are not executed.

It is legal to have more than one return statement in a single function. Listing 5.6 illustrates this
idea.

Listing 5.6. A demonstration of multiple return statements.

1: // Listing 5.6 - demonstrates multiple return
2: // statements

3:

4: #include <iostream.h>

5:

6: int Doubler (int AmountToDouble) ;

7:

8: int main ()

9: {

10:

11: int result = 0;

12: int input;

13:

14: cout << "Enter a number between 0 and 10,000 to double: ";
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15: cin >> input;

16:

17: cout << "\nBefore doubler is called... ";
18: cout << "\ninput: " << input << " doubled: " << result << "\n";
19:

20: result = Doubler (input) ;

21:

22 cout << "\nBack from Doubler...\n";

23: cout << "\ninput: " << input << " doubled: " << result << "\n";
24 :

25:

26: return 0;

27 }

28:

29: int Doubler (int original)

30: {

31: if (original <= 10000)

32: return original * 2;

33: else

34: return -1;

35: cout << "You can't get here!\n";

36: }

Output: Enter a number between 0 and 10,000 to double:

Before doubler is called...
input: 9000 doubled: O

Back from doubler...
input: 9000 doubled: 18000
Enter a number between 0 and 10,000 to double: 11000

Before doubler is called...
input: 11000 doubled: O

Back from doubler...
input: 11000 doubled: -1

9000

Analysis: A number is requested on lines 14 and 15, and printed on line 18, along with the local
variable result. The function poub1er () is called on line 20, and the input value is passed as a
parameter. The result will be assigned to the local variable resu1t, and the values will be

reprinted on lines 22 and 23.

On line 31, in the function poubler (), the parameter is tested to see whether it is greater than
10,000. If it is not, the function returns twice the original number. If it is greater than 10,000, the

function returns -1 as an error value.

The statement on line 35 is never reached, because whether or not the value is greater than
10,000, the function returns before it gets to line 35, on either line 32 or line 34. A good compiler
will warn that this statement cannot be executed, and a good programmer will take it out!
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Default Parameters

For every parameter you declare in a function prototype and definition, the calling function must
pass in a value. The value passed in must be of the declared type. Thus, if you have a function
declared as

long myFunction (int) ;

the function must in fact take an integer variable. If the function definition differs, or if you fail
to pass in an integer, you will get a compiler error.

The one exception to this rule is if the function prototype declares a default value for the
parameter. A default value is a value to use if none is supplied. The preceding declaration could
be rewritten as

long myFunction (int x = 50);

This prototype says, "myFunction () returns a 1ong and takes an integer parameter. If an
argument is not supplied, use the default value of 50." Because parameter names are not required
in function prototypes, this declaration could have been written as

long myFunction (int = 50);

The function definition is not changed by declaring a default parameter. The function definition
header for this function would be

long myFunction (int x)

If the calling function did not include a parameter, the compiler would fill x with the default
value of 50. The name of the default parameter in the prototype need not be the same as the name
in the function header; the default value is assigned by position, not name.

Any or all of the function’s parameters can be assigned default values. The one restriction is this:
If any of the parameters does not have a default value, no previous parameter may have a default
value.

If the function prototype looks like

long myFunction (int Paraml, int Param2, int Param3);

you can assign a default value to raram2 only if you have assigned a default value to raram3.
You can assign a default value to param1 only if you've assigned default values to both param2
and param3. Listing 5.7 demonstrates the use of default values.

Listing 5.7. A demonstration of default parameter values.

1: // Listing 5.7 - demonstrates use
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2: // of default parameter values

3:

4 #include <iostream.h>

5:

6: int AreaCube (int length, int width = 25, int height = 1);
7

8: int main ()

9: {

10: int length = 100;

11: int width = 50;

12: int height = 2;

13: int area;

14:

15: area = AreaCube(length, width, height);

16: cout << "First area equals: " << area << "\n";

17:

18: area = AreaCube (length, width);

19: cout << "Second time area equals: " << area << "\n";
20:

21: area = AreaCube (length);

22 cout << "Third time area equals: " << area << "\n";
23: return 0;

24 }

25:

26: AreaCube (int length, int width, int height)

27 {

28:

29: return (length * width * height);

30: }

Output: First area equals: 10000
Second time area equals: 5000
Third time area equals: 2500

Analysis: On line 6, the areacube () prototype specifies that the areacube () function takes
three integer parameters. The last two have default values.

This function computes the area of the cube whose dimensions are passed in. If no width is
passed in, a width of 25 is used and a height of 1 is used. If the widtn but not the heignht is
passed in, a height Of 1 is used. It is not possible to pass in the height without passing in a
width.

On lines 10-12, the dimensions 1ength, height, and width are initialized, and they are passed to
the areacube () function on line 15. The values are computed, and the result is printed on line
16.

Execution returns to line 18, where areacube () is called again, but with no value for height.
The default value is used, and again the dimensions are computed and printed.

Execution returns to line 21, and this time neither the width nor the height is passed in.

Execution branches for a third time to line 27. The default values are used. The area is computed
and then printed.
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DO remember that function parameters act as local variables within the function. DON'T try to
create a default value for a first parameter if there is no default value for the second. DON'T
forget that arguments passed by value can not affect the variables in the calling function. DON'T
forget that changes to a global variable in one function change that variable for all functions.

Overloading Functions

C++ enables you to create more than one function with the same name. This is called function
overloading. The functions must differ in their parameter list, with a different type of parameter,
a different number of parameters, or both. Here's an example:

int myFunction (int, int);
int myFunction (long, long);
int myFunction (long);

myFunction () IS overloaded with three different parameter lists. The first and second versions
differ in the types of the parameters, and the third differs in the number of parameters.

The return types can be the same or different on overloaded functions. You should note that two
functions with the same name and parameter list, but different return types, generate a compiler
error.

New Term: Function overloading i s also called function polymorphism. Poly means
many, and morph means form: a polymorphic function is many-formed.

Function polymorphism refers to the ability to "overload™" a function with more than one
meaning. By changing the number or type of the parameters, you can give two or more functions
the same function name, and the right one will be called by matching the parameters used. This
allows you to create a function that can average integers, doubles, and other values without
having to create individual names for each function, such as averageints (),
AverageDoubles(),andSO(Ml

Suppose you write a function that doubles whatever input you give it. You would like to be able
to passinan int, a long, @ float, Or @ double. Without function overloading, you would have
to create four function names:

int DoublelInt (int);

long Doublelong (long) ;

float DoubleFloat (float);
double DoubleDouble (double) ;

With function overloading, you make this declaration:
int Double (int) ;
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long Double (long) ;
float Double (float);
double Double (double) ;

This is easier to read and easier to use. You don't have to worry about which one to call; you just
pass in a variable, and the right function is called automatically. Listing 5.8 illustrates the use of
function overloading.

Listing 5.8. A demonstration of function polymorphism.

1: // Listing 5.8 - demonstrates

2: // function polymorphism

3:

4: #include <iostream.h>

5:

6: int Double (int) ;

7 long Double (long) ;

8: float Double(float);

9: double Double (double) ;

10:

11: int main ()

12: {

13: int myInt = 6500;

14: long myLong = 65000;

15: float myFloat = 6.5F;

16: double myDouble = 6.5e20;

17:

18: int doubledInt;

19: long doubledLong;

20: float doubledFloat;

21: double doubledDouble;

22

23: cout << "myInt: " << myInt << "\n";

24 cout << "myLong: " << myLong << "\n";

25: cout << "myFloat: " << myFloat << "\n";
26: cout << "myDouble: " << myDouble << "\n";
27:

28: doubledInt = Double (myInt);

29 doubledLong = Double (myLong) ;

30 doubledFloat = Double (myFloat);

31: doubledDouble = Double (myDouble) ;

32:

33: cout << "doubledInt: " << doubledInt << "\n";
34: cout << "doubledLong: " << doubledLong << "\n";
35: cout << "doubledFloat: " << doubledFloat << "\n";
36: cout << "doubledDouble: " << doubledDouble << "\n";
37:

38: return 0;

39: }

40:

41: int Double(int original)

42 {

43: cout << "In Double (int)\n";

44 . return 2 * original;

45: }
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46:
47: long Double(long original)

48: {

49: cout << "In Double (long)\n";
50: return 2 * original;

51: }

52:

53: float Double(float original)
54: {

55: cout << "In Double (float)\n";
56: return 2 * original;

57: }

58:

59: double Double (double original)
60: {

61: cout << "In Double (double)\n";
62: return 2 * original;

63: }

Output: myInt: 6500
myLong: 65000
myFloat: 6.5
myDouble: 6.5e+20
In Double (int)
In Double (long)
In Double (float)

In Double (double)
DoubledInt: 13000
DoubledLong: 130000
DoubledFloat: 13
DoubledDouble: 1.3e+21

Analysis: The poub1e () function is overloaded with int, 1ong, float, and double. The
prototypes are on lines 6-9, and the definitions are on lines 41-63.

In the body of the main program, eight local variables are declared. On lines 13-16, four of the
values are initialized, and on lines 28-31, the other four are assigned the results of passing the
first four to the poub1e () function. Note that when poub1e () is called, the calling function does
not distinguish which one to call; it just passes in an argument, and the correct one is invoked.

The compiler examines the arguments and chooses which of the four poub1e () functions to call.
The output reveals that each of the four was called in turn, as you would expect.

Special Topics About Functions
Because functions are so central to programming, a few special topics arise which might be of
interest when you confront unusual problems. Used wisely, inline functions can help you squeak
out that last bit of performance. Function recursion is one of those wonderful, esoteric bits of
programming which, every once in a while, can cut through a thorny problem otherwise not
easily solved.

Inline Functions
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When you define a function, normally the compiler creates just one set of instructions in
memory. When you call the function, execution of the program jumps to those instructions, and
when the function returns, execution jumps back to the next line in the calling function. If you
call the function 10 times, your program jumps to the same set of instructions each time. This
means there is only one copy of the function, not 10.

There is some performance overhead in jumping in and out of functions. It turns out that some
functions are very small, just a line or two of code, and some efficiency can be gained if the
program can avoid making these jumps just to execute one or two instructions. When
programmers speak of efficiency, they usually mean speed: the program runs faster if the
function call can be avoided.

If a function is declared with the keyword in1ine, the compiler does not create a real function: it
copies the code from the inline function directly into the calling function. No jump is made; it is
just as if you had written the statements of the function right into the calling function.

Note that inline functions can bring a heavy cost. If the function is called 10 times, the inline
code is copied into the calling functions each of those 10 times. The tiny improvement in speed
you might achieve is more than swamped by the increase in size of the executable program. Even
the speed increase might be illusory. First, today's optimizing compilers do a terrific job on their
own, and there is almost never a big gain from declaring a function in1ine. More important, the
increased size brings its own performance cost.

What's the rule of thumb? If you have a small function, one or two statements, it is a candidate
for in1ine. When in doubt, though, leave it out. Listing 5.9 demonstrates an in1ine function.

Listing 5.9. Demonstrates an inline function.

1: // Listing 5.9 - demonstrates inline functions
2:

3: #include <iostream.h>

4:

5: inline int Double (int) ;

6:

7 int main ()

8: {

9: int target;

10:

11: cout << "Enter a number to work with: ";
12: cin >> target;

13: cout << "\n";

14:

15: target = Double(target);

16: cout << "Target: " << target << endl;
17:

18: target = Double(target);

19: cout << "Target: " << target << endl;
20:

21:

22 target = Double(target);
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23: cout << "Target: " << target << endl;
24 : return 0;

25: }

26:

27: int Double (int target)

28: {

29: return 2*target;

30: }

Output: Enter a number to work with: 20

Target: 40
Target: 80
Target: 160

Analysis: On line 5, pouble () is declared to be an inline function taking an int
parameter and returning an int. The declaration is just like any other prototype except
that the keyword in1ine is prepended just before the return value.

This compiles into code that is the same as if you had written the following:

target = 2 * target;

everywhere you entered

target = Double (target);

By the time your program executes, the instructions are already in place, compiled into
the OBJ file. This saves a jump in the execution of the code, at the cost of a larger
program.

NOTE: Inline is a hint to the compiler that you would like the function to be inlined. The
compiler is free to ignore the hint and make a real function call.

Recursion

A function can call itself. This is called recursion, and recursion can be direct or indirect. It is
direct when a function calls itself; it is indirect recursion when a function calls another function
that then calls the first function.

Some problems are most easily solved by recursion, usually those in which you act on data and
then act in the same way on the result. Both types of recursion, direct and indirect, come in two
varieties: those that eventually end and produce an answer, and those that never end and produce
a runtime failure. Programmers think that the latter is quite funny (when it happens to someone
else).
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It is important to note that when a function calls itself, a new copy of that function is run. The
local variables in the second version are independent of the local variables in the first, and they
cannot affect one another directly, any more than the local variables in main () can affect the
local variables in any function it calls, as was illustrated in Listing 5.4.

To illustrate solving a problem using recursion, consider the Fibonacci series:
1,1,2,3,5,8,13,21,34...

Each number, after the second, is the sum of the two numbers before it. A Fibonacci problem
might be to determine what the 12th number in the series is.

One way to solve this problem is to examine the series carefully. The first two numbers are 1.
Each subsequent number is the sum of the previous two numbers. Thus, the seventh number is
the sum of the sixth and fifth numbers. More generally, the nth number is the sum of n - 2 and n -
1,aslongasn> 2.

Recursive functions need a stop condition. Something must happen to cause the program to stop
recursing, or it will never end. In the Fibonacci series, n < 3 is a stop condition.

The algorithm to use is this:
1. Ask the user for a position in the series.
2. Call the £ip () function with that position, passing in the value the user entered.

3. The £ib () function examines the argument (n). If n < 3 it returns 1; otherwise, £ib ()
calls itself (recursively) passing in n-2, calls itself again passing in n-1, and returns the
sum.

If you call £ib (1), itreturns 1. If you call £ib (2), it returns 1. If you call £ib (3), it returns the
sum of calling fib (2) and fib (1). Because fib (2) returns 1 and fib (1) returns 1, fib (3) will
return 2.

If you call £ib (4), it returns the sum of calling fib (3) and fib (2). We've established that
fib (3) returns 2 (by calling fib (2) and fib (1)) and that fib (2) returns 1, so £ib (4) will sum
these numbers and return 3, which is the fourth number in the series.

Taking this one more step, if you call £ip (5), it will return the sum of fib (4) and fib (3).
We've established that £ib (4) returns 3 and £ib (3) returns 2, so the sum returned will be 5.

This method is not the most efficient way to solve this problem (in fib (20) the fib () function
is called 13,529 times!), but it does work. Be careful: if you feed in too large a number, you'll run
out of memory. Every time £ib () is called, memory is set aside. When it returns, memory is
freed. With recursion, memory continues to be set aside before it is freed, and this system can eat
memory very quickly. Listing 5.10 implements the £ib () function.
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WARNING: When you run Listing 5.10, use a small number (less than 15). Because this uses
recursion, it can consume a lot of memory.

Listing 5.10. Demonstrates recursion using the Fibonacci series.

1: // Listing 5.10 - demonstrates recursion

2: // Fibonacci find.

3: // Finds the nth Fibonacci number

4. // Uses this algorithm: Fib(n) = fib(n-1) + fib(n-2)
5: // Stop conditions: n =2 || n =1

6:

7 #include <iostream.h>

8:

9: int fib(int n);

10:

11: int main ()

12: {

13:

14: int n, answer;

15: cout << "Enter number to find: ";

16: cin >> n;

17:

18: cout << "\n\n";

19:

20: answer = fib(n);

21:

22 cout << answer << " is the " << n << "th Fibonacci number\n";
23: return 0;

24: }

25:

26: int fib (int n)

27 {

28: cout << "Processing fib(" << n << ")... ";
29:

30: if (n < 3 )

31: {

32: cout << "Return 1!\n";

33: return (1);

34: }

35: else

36: {

37: cout << "Call fib(" << n-2 << ") and fib(" << n-1 << ").\n";
38: return( fib(n-2) + fib(n-1));

39: }

40: }

Output: Enter number to find: 5

Processing fib (5) Call fib(3) and fib (4).
Processing fib(3) ... Call fib(l) and fib(2).
Processing fib(1l)... Return 1!
Processing fib (2) Return 1!
Processing fib (4) Call fib(2) and fib(3).
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Processing fib(2)... Return 1!
Processing fib(3)... Call fib(1l) and fib(2).
Processing fib(l)... Return 1!
Processing fib(2)... Return 1!

5 is the 5th Fibonacci number

Analysis: The program asks for a number to find on line 15 and assigns that number to target.
It then calls £ib () with the target. Execution branches to the £ib () function, where, on line
28, it prints its argument.

The argument n is tested to see whether it equals 1 or 2 on line 30; if so, fib () returns.
Otherwise, it returns the sums of the values returned by calling fib () on n-2 and n-1.

In the example, n is 50 fib (5) is called from main (). Execution jumps to the £ib () function,
and n is tested for a value less than 3 on line 30. The test fails, so £ib (5) returns the sum of the
values returned by fib (3) and fib (4). Thatis, fib () iscalledonn-2 (5-2=3)and n-1 (5-1
=4). £ib (4) will return 3 and £ib (3) will return 2, so the final answer will be 5.

Because fib (4) passes in an argument that is not less than 3, fib () will be called again, this
time with 3and 2. £ib (3) will inturn call £ib(2) and £ib (1) . Finally, the calls to fib (2) and
fib (1) will both return 1, because these are the stop conditions.

The output traces these calls and the return values. Compile, link, and run this program, entering
first 1, then 2, then 3, building up to 6, and watch the output carefully. Then, just for fun, try the
number 20. If you don't run out of memory, it makes quite a show!

Recursion is not used often in C++ programming, but it can be a powerful and elegant tool for
certain needs.

NOTE: Recursion is a very tricky part of advanced programming. It is presented here because it
can be very useful to understand the fundamentals of how it works, but don't worry too much if
you don't fully understand all the details.

How Functions WorkA Look Under the Hood

When you call a function, the code branches to the called function, parameters are passed in, and
the body of the function is executed. When the function completes, a value is returned (unless the
function returns void), and control returns to the calling function.

How is this task accomplished? How does the code know where to branch to? Where are the
variables kept when they are passed in? What happens to variables that are declared in the body
of the function? How is the return value passed back out? How does the code know where to
resume?
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Most introductory books don't try to answer these questions, but without understanding this
information, you'll find that programming remains a fuzzy mystery. The explanation requires a
brief tangent into a discussion of computer memory.

Levels of Abstraction

One of the principal hurdles for new programmers is grappling with the many layers of
intellectual abstraction. Computers, of course, are just electronic machines. They don't know
about windows and menus, they don't know about programs or instructions, and they don't even
know about 1s and 0s. All that is really going on is that voltage is being measured at various
places on an integrated circuit. Even this is an abstraction: electricity itself is just an intellectual
concept, representing the behavior of subatomic particles.

Few programmers bother much with any level of detail below the idea of values in RAM. After
all, you don't need to understand particle physics to drive a car, make toast, or hit a baseball, and
you don't need to understand the electronics of a computer to program one.

You do need to understand how memory is organized, however. Without a reasonably strong
mental picture of where your variables are when they are created, and how values are passed
among functions, it will all remain an unmanageable mystery.

Partitioning RAM

When you begin your program, your operating system (such as DOS or Microsoft Windows) sets
up various areas of memory based on the requirements of your compiler. As a C++ programmer,
you'll often be concerned with the global name space, the free store, the registers, the code space,
and the stack.

Global variables are in global name space. We'll talk more about global name space and the free
store in coming days, but for now we'll focus on the registers, code space, and stack.

Registers are a special area of memory built right into the Central Processing Unit (or CPU).
They take care of internal housekeeping. A lot of what goes on in the registers is beyond the
scope of this book, but what we are concerned about is the set of registers responsible for
pointing, at any given moment, to the next line of code. We'll call these registers, together, the
instruction pointer. It is the job of the instruction pointer to keep track of which line of code is to
be executed next.

The code itself is in code space, which is that part of memory set aside to hold the binary form of
the instructions you created in your program. Each line of source code is translated into a series
of instructions, and each of these instructions is at a particular address in memory. The
instruction pointer has the address of the next instruction to execute. Figure 5.4 illustrates this
idea.

Figure 5.4.The instruction pointer.

114


file:///E:/Lecture_Materials/Cpp%20Manual/art/ch05/05zcp04.jpg

The stack is a special area of memory allocated for your program to hold the data required by
each of the functions in your program. It is called a stack because it is a last-in, first-out queue,
much like a stack of dishes at a cafeteria, as shown in Figure 5.5.

Last-in, first-out means that whatever is added to the stack last will be the first thing taken off.
Most queues are like a line at a theater: the first one on line is the first one off. A stack is more
like a stack of coins: if you stack 10 pennies on a tabletop and then take some back, the last three
you put on will be the first three you take off.

When data is "pushed™ onto the stack, the stack grows; as data is "popped™ off the stack, the
stack shrinks. It isn't possible to pop a dish off the stack without first popping off all the dishes
placed on after that dish.

Figure 5.5. A stack.

A stack of dishes is the common analogy. It is fine as far as it goes, but it is wrong in a
fundamental way. A more accurate mental picture is of a series of cubbyholes aligned top to
bottom. The top of the stack is whatever cubby the stack pointer (which is another register)
happens to be pointing to.

Each of the cubbies has a sequential address, and one of those addresses is kept in the stack
pointer register. Everything below that magic address, known as the top of the stack, is
considered to be on the stack. Everything above the top of the stack is considered to be off the
stack and invalid. Figure 5.6 illustrates this idea.

Figure 5.6.The stack pointer.
When data is put on the stack, it is placed into a cubby above the stack pointer, and then the stack
pointer is moved to the new data. When data is popped off the stack, all that really happens is
that the address of the stack pointer is changed by moving it down the stack. Figure 5.7 makes
this rule clear.
Figure 5.7. Moving the stack pointer.
The Stack and Functions
Here's what happens when a program, running on a PC under DOS, branches to a function:
1. The address in the instruction pointer is incremented to the next instruction past the
function call. That address is then placed on the stack, and it will be the return address
when the function returns.
2. Room is made on the stack for the return type you've declared. On a system with two-

byte integers, if the return type is declared to be int, another two bytes are added to the
stack, but no value is placed in these bytes.
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3. The address of the called function, which is kept in a special area of memory set aside
for that purpose, is loaded into the instruction pointer, so the next instruction executed
will be in the called function.

4. The current top of the stack is now noted and is held in a special pointer called the
stack frame. Everything added to the stack from now until the function returns will be
considered

"local" to the function.

5. All the arguments to the function are placed on the stack.

6. The instruction now in the instruction pointer is executed, thus executing the first
instruction in the function.

7. Local variables are pushed onto the stack as they are defined.

When the function is ready to return, the return value is placed in the area of the stack reserved at
step 2. The stack is then popped all the way up to the stack frame pointer, which effectively
throws away all the local variables and the arguments to the function.

The return value is popped off the stack and assigned as the value of the function call itself, and
the address stashed away in step 1 is retrieved and put into the instruction pointer. The program
thus resumes immediately after the function call, with the value of the function retrieved.

Some of the details of this process change from compiler to compiler, or between computers, but
the essential ideas are consistent across environments. In general, when you call a function, the
return address and the parameters are put on the stack. During the life of the function, local
variables are added to the stack. When the function returns, these are all removed by popping the
stack.

In coming days we'll look at other places in memory that are used to hold data that must persist
beyond the life of the function.

Summary

This chapter introduced functions. A function is, in effect, a subprogram into which you can pass
parameters and from which you can return a value. Every C++ program starts in the main ()
function, and main () in turn can call other functions.

A function is declared with a function prototype, which describes the return value, the function
name, and its parameter types. A function can optionally be declared inline. A function prototype
can also declare default variables for one or more of the parameters.

The function definition must match the function prototype in return type, name, and parameter

list. Function names can be overloaded by changing the number or type of parameters; the
compiler finds the right function based on the argument list.
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Local function variables, and the arguments passed in to the function, are local to the block in
which they are declared. Parameters passed by value are copies and cannot affect the value of
variables in the calling function.

Q&A
Q. Why not make all variables global?

A. There was a time when this was exactly how programming was done. As programs
became more complex, however, it became very difficult to find bugs in programs
because data could be corrupted by any of the functions--global data can be changed
anywhere in the program. Years of experience have convinced programmers that data
should be kept as local as possible, and access to changing that data should be narrowly
defined.

Q. When should the keyword inline be used in a function prototype?

A. If the function is very small, no more than a line or two, and won't be called from
many places in your program, it is a candidate for inlining.

Q. Why aren't changes to the value of function arguments reflected in the calling
function?

A. Arguments passed to a function are passed by value. That means that the argument in
the function is actually a copy of the original value. This concept is explained in depth in
the "Extra Credit" section that follows the Workshop.

Q. If arguments are passed by value, what do I do if I need to reflect the changes
back in the calling function?

A. On Day 8, pointers will be discussed. Use of pointers will solve this problem, as well
as provide a way around the limitation of returning only a single value from a function.

Q. What happens if I have the following two functions?
int Area (int width, int length = 1); int Area (int size);

Will these overload? There are a different number of parameters, but the first one has a
default value.

A. The declarations will compile, but if you invoke area with one parameter you will
receive a compile-time error: ambiguity between Area(int, int) and Area (int).
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Chapter 6

Pointers

One of the most powerful tools available to a C++ programmer is the ability to manipulate
computer memory directly by using pointers. Today you will learn

e What pointers are.
e How to declare and use pointers.
e What the free store is and how to manipulate memory.

Pointers present two special challenges when learning C++: They can be somewhat confusing,
and it isn't immediately obvious why they are needed. This chapter explains how pointers work,
step by step. You will fully understand the need for pointers, however, only as the book
progresses.

What Is a Pointer?

New Term: A pointer is a variable that holds a memory address.

To understand pointers, you must know a little about computer memory. Computer memory is
divided into sequentially numbered memory locations. Each variable is located at a unique
location in memory, known as its address. Different computers number this memory using
different, complex schemes. Usually programmers don't need to know the particular address of
any given variable, because the compiler handles the details. If you want this information,
though, you can use the address of operator (&), which is illustrated in Listing .61.

Listing 6.1. Demonstrating address of variables.

1: // Listing 8.1 Demonstrates address of operator
2: // and addresses of local variables

3:

4 #include <iostream.h>

5:

6: int main ()

7: {

8: unsigned short shortvVar=5;

9: unsigned long longVar=65535;

10: long sVar = -65535;

11:

12: cout << "shortVar:\t" << shortVar;
13: cout << " Address of shortVar:\t";
14: cout << g&shortVar << "\n";

15:

16: cout << "longVar:\t" << longVar;
17: cout << " Address of longVar:\t" ;
18: cout << &longVar << "\n";

19:
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20: cout << "sVar:\t" << sVar;

21: cout << " Address of sVar:\t" ;

22: cout <<  &sVar << "\n";

23:

24 : return 0;

25: 1}

Output: shortVar: 5 Address of shortVar: 0x8fc9:fff4
longVar: 65535 Address of longVar: Ox8fc9:fff2

sVar: -65535 Address of sVar: 0x8fc9:ffee

(Your printout may look different.)

Analysis: Three variables are declared and initialized: a short in line 8, an unsigned longin
line 9, and a 10ng in line 10. Their values and addresses are printed in lines 12-16, by using the
address of operator ().

The value of shortvar is 5, as expected, and its address is 0x8fc9: £££4 When run on my
80386-based computer. This complicated address is computer-specific and may change slightly
each time the program is run. Your results will be different. What doesn't change, however, is
that the difference in the first two addresses is two bytes if your computer uses two-byte short
integers. The difference between the second and third is four bytes if your computer uses four-
byte 10ong integers. Figure 8.2 illustrates how the variables in this program would be stored in
memory.

Figure 8.2. lllustration of variable storage.
There is no reason why you need to know the actual numeric value of the address of each
variable. What you care about is that each one has an address and that the right amount of
memory is set aside. You tell the compiler how much memory to allow for your variables by
declaring the variable type; the compiler automatically assigns an address for it. For example, a
long integer is typically four bytes, meaning that the variable has an address to four bytes of
memory.

Storing the Address in a Pointer

Every variable has an address. Even without knowing the specific address of a given variable,
you can store that address in a pointer.

For example, suppose that howo1d is an integer. To declare a pointer called page to hold its
address, you would write

int *pAge = 0;

This declares page to be a pointer to int. That is, page is declared to hold the address of an int.
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Note that page is a variable like any of the variables. When you declare an integer variable (type
int), it is set up to hold an integer. When you declare a pointer variable like page, it is set up to
hold an address. page is just a different type of variable.

In this example, page is initialized to zero. A pointer whose value is zero is called a null pointer.
All pointers, when they are created, should be initialized to something. If you don't know what
you want to assign to the pointer, assign o. A pointer that is not initialized is called a wild
pointer. Wild pointers are very dangerous.

NOTE: Practice safe computing: Initialize your pointers!

If you do initialize the pointer to o, you must specifically assign the address of howo1d t0 page.
Here's an example that shows how to do that:

unsigned short int howOld = 50; // make a variable
unsigned short int * pAge = 0; // make a pointer
pAge = &howOld; // put howOld's address in pAge

The first line creates a variable--nowo1d, whose type iS unsigned short int--and initializes it
with the value 50. The second line declares page to be a pointer to type unsigned short int
and initializes it to zero. You know that page is a pointer because of the asterisk () after the
variable type and before the variable name.

The third and final line assigns the address of howo14d to the pointer page. You can tell that the
address of nowo1d is being assigned because of the address of operator (s). If the address of
operator had not been used, the value of howo1d would have been assigned. That might, or might
not, have been a valid address.

At this point, page has as its value the address of howo1d. nowo1d, in turn, has the value 50. You
could have accomplished this with one less step, as in

unsigned short int howOld
unsigned short int * pAge

50; // make a variable
&howOld; // make pointer to howOld

pAge IS a pointer that now contains the address of the nhowo14 variable. Using page, you can
actually determine the value of howo1d, which in this case is 50. Accessing howo1d by using the
pointer page is called indirection because you are indirectly accessing nowo1d by means of
pAge. Later today you will see how to use indirection to access a variable's value.

New Term: Indirection means accessing the value at the address held by a pointer. The
pointer provides an indirect way to get the value held at that address.

Pointer Names
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Pointers can have any name that is legal for other variables. This book follows the convention of
naming all pointers with an initial p, as in pAge OF pNumber.

The Indirection Operator

The indirection operator (*) is also called the dereference operator. When a pointer is
dereferenced, the value at the address stored by the pointer is retrieved.

Normal variables provide direct access to their own values. If you create a new variable of type
unsigned short int called yourage, and you want to assign the value in howo1d to that new
variable, you would write

unsigned short int yourAge;
yourAge = howOld;

A pointer provides indirect access to the value of the variable whose address it stores. To assign
the value in howo1d to the new variable yourage by way of the pointer page, you would write

unsigned short int yourAge;
yourAge = *pAge;

The indirection operator (*) in front of the variable page means “the value stored at." This
assignment says, "Take the value stored at the address in page and assign it to yourage."”

NOTE: The indirection operator (*) is used in two distinct ways with pointers: declaration and
dereference. When a pointer is declared, the star indicates that it is a pointer, not a normal
variable. For example,

unsigned short * pAge = 0; // make a pointer to an unsigned short

When the pointer is dereferenced, the indirection operator indicates that the value at the memory
location stored in the pointer is to be accessed, rather than the address itself.

*pAge = 5; // assign 5 to the value at pAge

Also note that this same character (*) is used as the multiplication operator. The compiler knows
which operator to call, based on context.

Pointers, Addresses, and Variables

It is important to distinguish between a pointer, the address that the pointer holds, and the value
at the address held by the pointer. This is the source of much of the confusion about pointers.

Consider the following code fragment:
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int theVariable = 5;
int * pPointer = &theVariable ;

thevariable IS declared to be an integer variable initialized with the value 5. ppointer is
declared to be a pointer to an integer; it is initialized with the address of thevariable.
pPointer IS the pointer. The address that ppointer holds is the address of thevariable. The
value at the address that prointer holds is 5. Figure 8.3 shows a schematic representation of
theVariableandpPointeL

Figure 8.3. A schematic representation of memory.

Manipulating Data by Using Pointers
Once a pointer is assigned the address of a variable, you can use that pointer to access the data in
that variable. Listing 6.2 demonstrates how the address of a local variable is assigned to a pointer

and how the pointer manipulates the values in that variable.

Listing 6.2. Manipulating data by using pointers.

1: // Listing 8.2 Using pointers

2:

3: #finclude <iostream.h>

4:

5: typedef unsigned short int USHORT;

6: int main ()

7 {

8: USHORT myAge; // a variable
9: USHORT * pAge = 0; // a pointer
10: myAge = 5;

11: cout << "myAge: " << myAge << "\n";
12:

13: pPAge = &myAge; // assign address of myAge to pAge
14:

15: cout << "*pAge: " << *pAge << "\n\n";
16:

17: cout << "*pAge = 7\n";

18:

19: *pAge = 7; // sets myAge to 7
20:

21: cout << "*pAge: " << *pAge << "\n";
22 cout << "myAge: " << myAge << "\n\n";
23:

24:

25: cout << "myAge = 9\n";

26:

27: myAge = 9;

28:

29: cout << "myAge: " << myAge << "\n";
30: cout << "*pAge: " << *pAge << "\n";
31:

32: return 0;

33: }
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Output: myAge: 5

*pAge: 5
*pAge = 7
*pAge: 7
myAge: 7
myAge = 9
myAge: 9
*pAge: 9

Analysis: This program declares two variables: an unsigned short, myaAge, and a pointer to an
unsigned short, pAge.myAge IS assigned the value s on line 10; this is verified by the printout
in line 11.

On line 13, page is assigned the address of myage. On line 15, page is dereferenced and printed,
showing that the value at the address that page stores is the 5 stored in myage. In line 17, the
value 7 is assigned to the variable at the address stored in page. This sets myage to 7, and the
printouts in lines 21-22 confirm this.

In line 27, the value o is assigned to the variable myage. This value is obtained directly in line 29
and indirectly (by dereferencing page) in line 30.

Examining the Address
Pointers enable you to manipulate addresses without ever knowing their real value. After today,
you'll take it on faith that when you assign the address of a variable to a pointer, it really has the

address of that variable as its value. But just this once, why not check to make sure? Listing 6.3
illustrates this idea.

Listing 6.3. Finding out what is stored in pointers.

1: // Listing 8.3 What is stored in a pointer.

2:

3: #include <iostream.h>

4:

5: typedef unsigned short int USHORT;

6: int main ()

7 {

8: unsigned short int myAge = 5, yourAge = 10;

9: unsigned short int * pAge = &myAge; // a pointer

10:

11: cout << "myAge:\t" << myAge << "\tyourAge:\t" << yourAge << "\n";
12: cout << "&myAge:\t" << &myAge << "\t&yourAge:\t" << g&yourAge
<<n\nn;

13:

14: cout << "pAge:\t" << pAge << "\n";

15: cout << "*pAge:\t" << *pAge << "\n";

16:

17: pAge = &yourAge; // reassign the pointer

18:

19: cout << "myAge:\t" << myAge << "\tyourAge:\t" << yourAge << "\n";
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20: cout << "gmyAge:\t" << &myAge << "\t&yourAge:\t" << &yourAge
<<H\nﬂ;

21:

22 cout << "pAge:\t" << pAge << "\n";
23: cout << "*pAge:\t" << *pAge << "\n";
24:

25: cout << "gpAge:\t" << &pAge << "\n";
26: return 0;

27: '}

Output: myAge: 5 yourAge: 10
&myAge: 0x355C &yourAge: 0x355E
pPAge: 0x355C

*pAge: 5

myAge: 5 yourAge: 10

&myAge: 0x355C &yourAge: 0x355E
PAge: 0x355E

*pAge: 10

&pAge: 0x355A

(Your output may look different.)

Analysis: In line 8, myage and yourage are declared to be variables of type unsigned short
integer. In line 9, page is declared to be a pointer to an unsigned short integer, and it is
initialized with the address of the variable myage.

Lines 11 and 12 print the values and the addresses of myage and yourage. Line 14 prints the
contents of page, which is the address of myage. Line 15 prints the result of dereferencing page,
which prints the value at page--the value in myage, Or 5.

This is the essence of pointers. Line 14 shows that page stores the address of myage, and line 15
shows how to get the value stored in myage by dereferencing the pointer page. Make sure that
you understand this fully before you go on. Study the code and look at the output.

In line 17, page is reassigned to point to the address of yourage. The values and addresses are
printed again. The output shows that page now has the address of the variable yourage and that
dereferencing obtains the value in yourage.

Line 25 prints the address of page itself. Like any variable, it has an address, and that address
can be stored in a pointer. (Assigning the address of a pointer to another pointer will be discussed
shortly.)

DO use the indirection operator (*) to access the data stored at the address in a pointer. DO
initialize all pointers either to a valid address or to nu11 (0). DO remember the difference
between the address in a pointer and the value at that address.
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Pointers

To declare a pointer, write the type of the variable or object whose address will be stored in the
pointer, followed by the pointer operator (») and the name of the pointer. For example,

unsigned short int * pPointer = 0;

To assign or initialize a pointer, prepend the name of the variable whose address is being
assigned with the address of operator (&). For example,

unsigned short int theVariable = 5;

unsigned short int * pPointer = & theVariable;

To dereference a pointer, prepend the pointer name with the dereference operator (*). For
example,

unsigned short int theValue = *pPointer

Why Would You Use Pointers?

So far you've seen step-by-step details of assigning a variable's address to a pointer. In practice,
though, you would never do this. After all, why bother with a pointer when you already have a
variable with access to that value? The only reason for this kind of pointer manipulation of an
automatic variable is to demonstrate how pointers work. Now that you are comfortable with the
syntax of pointers, you can put them to good use. Pointers are used, most often, for three tasks:

e Managing data on the free store.
e Accessing class member data and functions.
o Passing variables by reference to functions.

This rest of this chapter focuses on managing data on the free store and accessing class member
data and functions. Tomorrow you will learn about passing variables by reference.

The Stack and the Free Store

In the "Extra Credit" section following the discussion of functions in Day 5, five areas of
memory are mentioned:

e Global name space
e The free store

e Registers
e Code space
e The stack

Local variables are on the stack, along with function parameters. Code is in code space, of
course, and global variables are in global name space. The registers are used for internal
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housekeeping functions, such as keeping track of the top of the stack and the instruction pointer.
Just about all remaining memory is given over to the free store, which is sometimes referred to as
the heap.

The problem with local variables is that they don't persist: When the function returns, the local
variables are thrown away. Global variables solve that problem at the cost of unrestricted access
throughout the program, which leads to the creation of code that is difficult to understand and
maintain. Putting data in the free store solves both of these problems.

You can think of the free store as a massive section of memory in which thousands of
sequentially numbered cubbyholes lie waiting for your data. You can't label these cubbyholes,
though, as you can with the stack. You must ask for the address of the cubbyhole that you
reserve and then stash that address away in a pointer.

One way to think about this is with an analogy: A friend gives you the 800 number for Acme
Mail Order. You go home and program your telephone with that number, and then you throw
away the piece of paper with the number on it. If you push the button, a telephone rings
somewhere, and Acme Mail Order answers. You don't remember the number, and you don't
know where the other telephone is located, but the button gives you access to Acme Mail Order.
Acme Mail Order is your data on the free store. You don't know where it is, but you know how
to get to it. You access it by using its address--in this case, the telephone number. You don't have
to know that number; you just have to put it into a pointer (the button). The pointer gives you
access to your data without bothering you with the details.

The stack is cleaned automatically when a function returns. All the local variables go out of
scope, and they are removed from the stack. The free store is not cleaned until your program
ends, and it is your responsibility to free any memory that you've reserved when you are done
with it.

The advantage to the free store is that the memory you reserve remains available until you
explicitly free it. If you reserve memory on the free store while in a function, the memory is still
available when the function returns.

The advantage of accessing memory in this way, rather than using global variables, is that only
functions with access to the pointer have access to the data. This provides a tightly controlled
interface to that data, and it eliminates the problem of one function changing that data in
unexpected and unanticipated ways.

For this to work, you must be able to create a pointer to an area on the free store and to pass that
pointer among functions. The following sections describe how to do this.

new

You allocate memory on the free store in C++ by using the new keyword. new is followed by the
type of the object that you want to allocate so that the compiler knows how much memory is
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required. Therefore, new unsigned short int allocates two bytes in the free store, and new
long allocates four.

The return value from new is @ memory address. It must be assigned to a pointer. To create an
unsigned short 0N the free store, you might write

unsigned short int * pPointer;
pPointer = new unsigned short int;

You can, of course, initialize the pointer at its creation with

unsigned short int * pPointer = new unsigned short int;

In either case, ppointer NOW points to an unsigned short int 0N the free store. You can use
this like any other pointer to a variable and assign a value into that area of memory by writing

*pPointer = 72;

This means, "Put 72 at the value in prointer,” or "Assign the value 72 to the area on the free
store to which prointer points.”

If new cannot create memory on the free store (memory is, after all, a limited resource) it returns
the null pointer. You must check your pointer for null each time you request new memory.

WARNING: Each time you allocate memory using the new keyword, you must check to make
sure the pointer is not null.

delete

When you are finished with your area of memory, you must call deiete on the pointer. delete
returns the memory to the free store. Remember that the pointer itself--as opposed to the memory
to which it points--is a local variable. When the function in which it is declared returns, that
pointer goes out of scope and is lost. The memory allocated with new is not freed automatically,
however. That memory becomes unavailable--a situation called a memory leak. It's called a
memory leak because that memory can't be recovered until the program ends. It is as though the
memory has leaked out of your computer.

To restore the memory to the free store, you use the keyword de1ete. For example,

delete pPointer;

When you delete the pointer, what you are really doing is freeing up the memory whose address
is stored in the pointer. You are saying, "Return to the free store the memory that this pointer
points to." The pointer is still a pointer, and it can be reassigned. Listing 8.4 demonstrates
allocating a variable on the heap, using that variable, and deleting it.
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WARNING: When you call deiete on a pointer, the memory it points to is freed. Calling
delete On that pointer again will crash your program! When you delete a pointer, set it to zero

(null). Calling de1ete on a null pointer is guaranteed to be safe. For example:
Animal *pDog = new Animal; delete pDog; //frees the memory
pbDog = 0; //sets pointer to null //... delete pDog; //harmless

Listing 6.4. Allocating, using, and deleting pointers.

1: // Listing 8.4

2: // Allocating and deleting a pointer

3:

4: #include <iostream.h>

5: int main ()

6: {

7: int localVariable = 5;

8: int * pLocal= &localVariable;

9: int * pHeap = new int;

10: if (pHeap == NULL)

11: {

12: cout << "Error! No memory for pHeap!!";
13: return 0;

14: }

15: *pHeap = 7;

16: cout << "localVariable: " << localVariable << "\n";
17: cout << "*pLocal: " << *pLocal << "\n";
18: cout << "*pHeap: " << *pHeap << "\n";
19: delete pHeap;

20: pHeap = new int;

21: if (pHeap == NULL)

22 {

23: cout << "Error! No memory for pHeap!!";
24: return 0;

25: }

26: *pHeap = 9;

27: cout << "*pHeap: " << *pHeap << "\n";
28: delete pHeap;

29: return 0;

30: }

Output: localVariable: 5

*pLocal: 5

*pHeap: 7

*pHeap: 9

Analysis: Line 7 declares and initializes a local variable. Line 8 declares and initializes a pointer
with the address of the local variable. Line 9 declares another pointer but initializes it with the
result obtained from calling new int. This allocates space on the free store for an int. Line 10
verifies that memory was allocated and the pointer is valid (not null). If no memory can be
allocated, the pointer is null and an error message is printed.
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To keep things simple, this error checking often won't be reproduced in future programs, but you
must include some sort of error checking in your own programs.

Line 15 assigns the value 7 to the newly allocated memory. Line 16 prints the value of the local
variable, and line 17 prints the value pointed to by pr.oca1. As expected, these are the same. Line
19 prints the value pointed to by preap. It shows that the value assigned in line 15 is, in fact,
accessible.

In line 19, the memory allocated in line 9 is returned to the free store by a call to deiete. This
frees the memory and disassociates the pointer from that memory. paeap is now free to point to
other memory. It is reassigned in lines 20 and 26, and line 27 prints the result. Line 28 restores
that memory to the free store.

Although line 28 is redundant (the end of the program would have returned that memory) it is a
good idea to free this memory explicitly. If the program changes or is extended, it will be
beneficial that this step was already taken care of.

Memory Leaks

Another way you might inadvertently create a memory leak is by reassigning your pointer before
deleting the memory to which it points. Consider this code fragment:

1: unsigned short int * pPointer = new unsigned short int;
2: *pPointer = 72;

3: pPointer = new unsigned short int;

4: *pPointer = 84;

Line 1 creates prointer and assigns it the address of an area on the free store. Line 2 stores the
value 72 in that area of memory. Line 3 reassigns prointer to another area of memory. Line 4
places the value s4 in that area. The original area--in which the value 72 is now held--is
unavailable because the pointer to that area of memory has been reassigned. There is no way to
access that original area of memory, nor is there any way to free it before the program ends.

The code should have been written like this:

: unsigned short int * pPointer = new unsigned short int;
*pPointer = 72;

: delete pPointer;

: pPointer = new unsigned short int;

*pPointer = 84;

g w N

Now the memory originally pointed to by prointer is deleted, and thus freed, in line 3.

NOTE: For every time in your program that you call new, there should be a call to de1ete. It is
important to keep track of which pointer owns an area of memory and to ensure that the memory
is returned to the free store when you are done with it.
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Creating Objects on the Free Store

Just as you can create a pointer to an integer, you can create a pointer to any object. If you have
declared an object of type cat, you can declare a pointer to that class and instantiate a cat object
on the free store, just as you can make one on the stack. The syntax is the same as for integers:

Cat *pCat = new Cat;

This calls the default constructor--the constructor that takes no parameters. The constructor is
called whenever an object is created (on the stack or on the free store).

Deleting Objects
When you call de1ete 0n a pointer to an object on the free store, that object's destructor is called
before the memory is released. This gives your class a chance to clean up, just as it does for

objects destroyed on the stack. Listing 8.5 illustrates creating and deleting objects on the free
store.

Listing 6.5. Creating and deleting objects on the free store.

1: // Listing 8.5

2: // Creating objects on the free store

3:

4 #include <iostream.h>

5:

6: class SimpleCat

7: {

8: public:

9: SimpleCat () ;

10: ~SimpleCat () ;

11 private:

12 int itsAge;

13 }i

14

15 SimpleCat::SimpleCat ()

16 {

17 cout << "Constructor called.\n";
18 itsAge = 1;

19 }

20

21 SimpleCat::~SimpleCat ()

22 {

23 cout << "Destructor called.\n";
24 }

25

26 int main ()

27 {

28 cout << "SimpleCat Frisky...\n";
29 SimpleCat Frisky;

30 cout << "SimpleCat *pRags = new SimpleCat...\n";
31 SimpleCat * pRags = new SimpleCat;
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32 cout << "delete pRags...\n";

33 delete pRags;

34 cout << "Exiting, watch Frisky go...\n";
35 return 0;

36 }

Output: SimpleCat Frisky...
Constructor called.

SimpleCat *pRags = new SimpleCat..
Constructor called.

delete pRags...

Destructor called.

Exiting, watch Frisky go...
Destructor called.

Analysis: Lines 6-13 declare the stripped-down class simp1ecat. Line 9 declares simplecat's
constructor, and lines 15-19 contain its definition. Line 10 declares simp1ecat's destructor, and
lines 21-24 contain its definition.

In line 29, Frisky is created on the stack, which causes the constructor to be called. In line 31,
the simplecat pointed to by prags is created on the heap; the constructor is called again. In line
33, delete is called on prags, and the destructor is called. When the function ends, rrisky goes
out of scope, and the destructor is called.

Accessing Data Members

You accessed data members and functions by using the dot (.) operator for cat objects created
locally. To access the cat object on the free store, you must dereference the pointer and call the
dot operator on the object pointed to by the pointer. Therefore, to access the cetage member
function, you would write

(*pRags) .GetAge() ;
Parentheses are used to assure that prags is dereferenced before cetage () is accessed.

Because this is cumbersome, C++ provides a shorthand operator for indirect access: the points-
to operator (->), which is created by typing the dash (-) immediately followed by the greater-
than symbol (>). C++ treats this as a single symbol. Listing 6.6 demonstrates accessing member
variables and functions of objects created on the free store.

Listing 6.6. Accessing member data of objects on the free store.

// Listing 8.6
// Accessing data members of objects on the heap

#include <iostream.h>
class SimpleCat

{
public:

O ~J oy Ul b W
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9: SimpleCat () {itsAge = 2; }
10: ~SimpleCat () {}

11: int GetAge() const { return itsAge; }

12: void SetAge (int age) { itsAge = age; }

13: private:

14: int itsAge;

15: };

16:

17: int main ()

18: {

19: SimpleCat * Frisky = new SimpleCat;

20: cout << "Frisky is " << Frisky->GetAge() << " years old\n";
21: Frisky->SetAge (5);

22: cout << "Frisky is " << Frisky->GetAge() << " years old\n";
23: delete Frisky;

24: return 0;

25: }

Output: Frisky is 2 years old
Frisky is 5 years old

Analysis: In line 19, a simplecat object is instantiated on the free store. The default constructor
sets its age to 2, and the cetage () method is called in line 20. Because this is a pointer, the
indirection operator (->) is used to access the member data and functions. In line 21, the

setAge () method is called, and cetage () is accessed again in line 22,

Member Data on the Free Store
One or more of the data members of a class can be a pointer to an object on the free store. The
memory can be allocated in the class constructor or in one of its methods, and it can be deleted in

its destructor, as Listing 6.7 illustrates.

Listing 6.7. Pointers as member data.

1: // Listing 8.7

2: // Pointers as data members

3:

4 #include <iostream.h>

5:

6: class SimpleCat

7 {

8: public:

9: SimpleCat () ;

10: ~SimpleCat () ;

11: int GetAge() const { return *itsAge; }

12: void SetAge (int age) { *itsAge = age; }

13:

14: int GetWeight () const { return *itsWeight; }
15: void setWeight (int weight) { *itsWeight = weight; }
16:

17: private:

18: int * itsAge;

19: int * itsWeight;
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20: b

21:

22: SimpleCat::SimpleCat ()

23: {

24 : itsAge = new int(2);

25: itsWeight = new int(5);

26: }

27:

28: SimpleCat::~SimpleCat ()

29: {

30: delete itsAge;

31: delete itsWeight;

32: }

33:

34: int main ()

35: {

36: SimpleCat *Frisky = new SimpleCat;
37: cout << "Frisky is " << Frisky->GetAge() << " years old\n";
38: Frisky->SetAge (5);

39: cout << "Frisky is " << Frisky->GetAge() << " years old\n";
40: delete Frisky;

41: return 0;

42: '}

Output: Frisky is 2 years old
Frisky is 5 years old

Analysis: The class simp1ecat is declared to have two member variables--both of which are
pointers to integers--on lines 14 and 15. The constructor (lines 22-26) initializes the pointers to
memory on the free store and to the default values.

The destructor (lines 28-32) cleans up the allocated memory. Because this is the destructor, there
iS no point in assigning these pointers to nu11, as they will no longer be accessible. This is one of
the safe places to break the rule that deleted pointers should be assigned to nu11, although
following the rule doesn't hurt.

The calling function (in this case, main ()) is unaware that i tsage and itsweight are point-ers
to memory on the free store. main () continues to call cetage () and setage (), and the details of
the memory management are hidden in the implementation of the class--as they should be.
When rrisky is deleted in line 40, its destructor is called. The destructor deletes each of its
member pointers. If these, in turn, point to objects of other user-defined classes, their destructors
are called as well.

The this Pointer
Every class member function has a hidden parameter: the this pointer. this points to the
individual object. Therefore, in each call to cetage () Or setage (), the this pointer for the
object is included as a hidden parameter.

It is possible to use the this pointer explicitly, as Listing 8.8 illustrates.
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Listing 6.8. Using the this pointer.

1: // Listing 8.8

2: // Using the this pointer

3:

4 #include <iostream.h>

5:

6: class Rectangle

7 {

8: public:

9: Rectangle () ;

10: ~Rectangle () ;

11: void SetLength (int length) { this->itsLength = length; }
12: int GetLength() const { return this->itsLength; }

13:

14: void SetWidth (int width) { itsWidth = width; }

15: int GetWidth () const { return itsWidth; }

16:

17: private:

18: int itsLength;

19: int itsWidth;

20: }s

21:

22 Rectangle: :Rectangle ()

23: {

24 itsWidth = 5;

25: itsLength = 10;

26: }

27: Rectangle: :~Rectangle ()

28: {}

29:

30: int main ()

31: {

32: Rectangle theRect;

33: cout << "theRect is " << theRect.GetLength() << " feet
long.\n";

34: cout << "theRect 1is " << theRect.GetWidth () << " feet wide.\n";
35: theRect.SetLength (20) ;

36: theRect.SetWidth (10) ;

37: cout << "theRect is " << theRect.GetLength ()<< " feet long.\n";
38: cout << "theRect 1is " << theRect.GetWidth ()<< " feet wide.\n";
39: return 0;

40: }

Output: theRect is 10 feet long.
theRect is 5 feet long.
theRect is 20 feet long.
theRect is 10 feet long.

Analysis: The setLength () and GetLength () accessor functions explicitly use the this pointer
to access the member variables of the rectangle oObject. The setwidth and Getwidth acCessors
do not. There is no difference in their behavior, although the syntax is easier to understand.

If that were all there was to the this pointer, there would be little point in bothering you with it.
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The this pointer, however, is a pointer; it stores the memory address of an object. As such, it
can be a powerful tool.

You'll see a practical use for the tnis pointer on Day 10, "Advanced Functions,” when operator
overloading is discussed. For now, your goal is to know about the this pointer and to understand
what it is: a pointer to the object itself.

You don't have to worry about creating or deleting the this pointer. The compiler takes care of
that.

Stray or Dangling Pointers

One source of bugs that are nasty and difficult to find is stray pointers. A stray pointer is created
when you call delete 0on a pointer--thereby freeing the memory that it points to--and later try to
use that pointer again without reassigning it.

It is as though the Acme Mail Order company moved away, and you still pressed the
programmed button on your phone. It is possible that nothing terrible happens--a telephone rings
in a deserted warehouse. Perhaps the telephone number has been reassigned to a munitions
factory, and your call detonates an explosive and blows up your whole city!

In short, be careful not to use a pointer after you have called de1ete on it. The pointer still points
to the old area of memory, but the compiler is free to put other data there; using the pointer can
cause your program to crash. Worse, your program might proceed merrily on its way and crash
several minutes later. This is called a time bomb, and it is no fun. To be safe, after you delete a
pointer, set it to nu11 (0). This disarms the pointer.

NOTE: Stray pointers are often called wild pointers or dangling pointers.

Listing 6.9 illustrates creating a stray pointer.

WARNING: This program intentionally creates a stray pointer. Do NOT run this program--it
will crash, if you are lucky.

Listing 6.9. Creating a stray pointer.

// Listing 8.9

// Demonstrates a stray pointer
typedef unsigned short int USHORT;
#include <iostream.h>

oY U W N

int main ()
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7: {
8: USHORT * pInt = new USHORT;

9: *pInt = 10;

10: cout << "*pInt: " << *pInt << endl;
11: delete pInt;

12: pInt = 0;

13: long * pLong = new long;

14: *pLong = 90000;

15: cout << "*pLong: " << *pLlong << endl;
16:

17: *pInt = 20; // uh oh, this was deleted!
18:

19: cout << "*pInt: " << *pInt << endl;
20: cout << "*pLong: " << *pLong << endl;
21: delete pLong;

22: return 0;

23: '}

Output: *plInt: 10

*pLong: 90000

*pInt: 20

*pLong: 65556
Null pointer assignment

(Your output may look different.)

Analysis: Line 8 declares p1nt to be a pointer to usuort, and pint is pointed to newly allocated
memory. Line 9 puts the value 10 in that memory, and line 10 prints its value. After the value is
printed, delete is called on the pointer. prnt is now a stray, or dangling, pointer.

Line 13 declares a new pointer, pL.ong, which is pointed at the memory allocated by new.

Line 14 assigns the value 90000 to pLong, and line 15 prints its value.

Line 17 assigns the value 20 to the memory that ptnt points to, but pnt no longer points
anywhere that is valid. The memory that pTnt points to was freed by the call to delete, SO
assigning a value to that memory is certain disaster.

Line 19 prints the value at prnt. Sure enough, it is 20. Line 20 prints 20, the value at pLong; it
has suddenly been changed to 65556. Two questions arise:

1. How could pr.ong's value change, given that pr.ong wasn't touched?
2. Where did the 20 go when p1nt was used in line 17?

As you might guess, these are related questions. When a value was placed at p1nt in line 17, the
compiler happily placed the value 20 at the memory location that p1nt previously pointed to.
However, because that memory was freed in line 11, the compiler was free to reassign it. When
pLong Was created in line 13, it was given p1nt's old memory location. (On some computers this
may not happen, depending on where in memory these values are stored.) When the value 20
was assigned to the location that ptnt previously pointed to, it wrote over the value pointed to by
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pLong. This is called "stomping on a pointer.” It is often the unfortunate outcome of using a stray
pointer.

This is a particularly nasty bug, because the value that changed wasn't associated with the stray
pointer. The change to the value at pr.ong was a side effect of the misuse of p1nt. In a large
program, this would be very difficult to track down.

Just for fun, here are the details of how 65,556 got into that memory address:
1. pInt was pointed at a particular memory location, and the value 10 was assigned.

2. delete Was called on p1nt, which told the compiler that it could put something else at
that location. Then pLong was assigned the same memory location.

3. The value 30000 was assigned to *pLong. The particular computer used in this
example stored the four-byte value of 90,000 (00 01 5F 90) in byte-swapped order.
Therefore, it was stored as 5F 90 00 01.

4. p1nt was assigned the value 20--or 00 14 in hexadecimal notation. Because p1nt still
pointed to the same address, the first two bytes of pr.ong Were overwritten, leaving 00 14
00 01.

5. The value at prLong Was printed, reversing the bytes back to their correct order of 00 01

00 14, which was translated into the DOS value of 65556.

DO use new to create objects on the free store. DO use delete to destroy objects on the
free store and to return their memory. DON'T forget to balance all new statements with a
delete Statement. DON'T forget to assign nu11 (0) to all pointers that you call de1ete
on. DO check the value returned by new.

const Pointers

You can use the keyword const for pointers before the type, after the type, or in both places. For
example, all of the following are legal declarations:

const int * pOne;
int * const pTwo;
const int * const pThree;

pOne IS @ pointer to a constant integer. The value that is pointed to can't be changed.

pTwo IS @ constant pointer to an integer. The integer can be changed, but pTwo can't point to
anything else.
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pThree IS @ constant pointer to a constant integer. The value that is pointed to can't be changed,
and prhree can't be changed to point to anything else.

The trick to keeping this straight is to look to the right of the keyword const to find out what is
being declared constant. If the type is to the right of the keyword, it is the value that is constant.
If the variable is to the right of the keyword const, it is the pointer variable itself that is constant.

const int * pl; // the int pointed to is constant
int * const p2; // p2 is constant, it can't point to anything else

const Pointers and const Member Functions
On Day 6, "Basic Classes," you learned that you can apply the keyword const to a member
function. When a function is declared const, the compiler flags as an error any attempt to

change data in the object from within that function.

If you declare a pointer to a const object, the only methods that you can call with that pointer
are const methods. Listing 8.10 illustrates this.

Listing 6.10. Using pointers to const objects.

1: // Listing 8.10

2: // Using pointers with const methods

3:

4: #include <iostream.h>

5:

6: class Rectangle

7 {

8: public:

9: Rectangle () ;

10: ~Rectangle () ;

11: void SetLength (int length) { itsLength = length; }
12: int GetLength () const { return itsLength; }
13:

14: void SetWidth (int width) { itsWidth = width; }
15: int GetWidth () const { return itsWidth; }
16:

17: private:

18: int itsLength;

19: int itsWidth;

20: b

21:

22 Rectangle: :Rectangle () :

23: itsWidth (5),

24 itsLength(10)

25: {}

26:

277 Rectangle::~Rectangle ()

28: {}

29

30: int main ()
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31: {

32: Rectangle* pRect = new Rectangle;

33: const Rectangle * pConstRect = new Rectangle;

34: Rectangle * const pConstPtr = new Rectangle;

35:

36: cout << "pRect width: " << pRect->GetWidth() << " feet\n";
37: cout << "pConstRect width: " << pConstRect->GetWidth() << "
feet\n";

38: cout << "pConstPtr width: " << pConstPtr->GetWidth() << "
feet\n";

39:

40: pRect->SetWidth (10) ;

41 : // pConstRect->SetWidth (10) ;

42 pConstPtr->SetWidth (10) ;

43:

44 cout << "pRect width: " << pRect->GetWidth() << " feet\n";
45: cout << "pConstRect width: " << pConstRect->GetWidth() << "
feet\n";

46: cout << "pConstPtr width: " << pConstPtr->GetWidth() << "
feet\n";

47 : return 0;

48: }

Output: pRect width: 5 feet
pConstRect width: 5 feet
pConstPtr width: 5 feet
pRect width: 10 feet
pConstRect width: 5 feet
pConstPtr width: 10 feet

Analysis: Lines 6-20 declare rRectangle. Line 15 declares the cetwidth () member method
const. Line 32 declares a pointer to Rectangle. Line 33 declares pconstrect, Which is a
pointer to a constant Rectangle. Line 34 declares pconstPtr, which is a constant pointer to
Rectangle.

Lines 36-38 print their values.

In line 40, prect is used to set the width of the rectangle to 10. In line 41, pconstRect would be
used, but it was declared to point to a constant rectangle. Therefore, it cannot legally call a
non-const member function; it is commented out. In line 38, pconstptr calls setage ().
pconstPtr IS declared to be a constant pointer to a rectangle. In other words, the pointer is
constant and cannot point to anything else, but the rectangle is not constant.

const this Pointers
When you declare an object to be const, you are in effect declaring that the this pointer is a
pointer to a const object. A const this pointer can be used only with const mem- ber

functions.

Constant objects and constant pointers will be discussed again tomorrow, when references to
constant objects are discussed.
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DO protect objects passed by reference with const if they should not be changed. DO pass by
reference when the object can be changed. DO pass by value when small objects should not be
changed.

Summary

Pointers provide a powerful way to access data by indirection. Every variable has an address,
which can be obtained using the address of operator (&). The address can be stored in a pointer.

Pointers are declared by writing the type of object that they point to, followed by the indirection
operator () and the name of the pointer. Pointers should be initialized to point to an object or to
null (0).

You access the value at the address stored in a pointer by using the indirection operator (*). You
can declare const pointers, which can't be reassigned to point to other objects, and pointers to
const Objects, which can't be used to change the objects to which they point.

To create new objects on the free store, you use the new keyword and assign the address that is
returned to a pointer. You free that memory by calling the de1ete keyword on the pointer.
delete frees the memory, but it doesn't destroy the pointer. Therefore, you must reassign the
pointer after its memory has been freed.

Q&A
Q. Why are pointers so important?

A. Today you saw how pointers are used to hold the address of objects on the free store
and how they are used to pass arguments by reference. In addition, on Day 13,
"Polymorphism," you'll see how pointers are used in class polymorphism.

Q. Why should I bother to declare anything on the free store?

A. Objects on the free store persist after the return of a function. Additionally, the ability
to store objects on the free store enables you to decide at runtime how many objects you
need, instead of having to declare this in advance. This is explored in greater depth
tomorrow.

Q. Why should I declare an object const if it limits what I can do with it?

A. As a programmer, you want to enlist the compiler in helping you find bugs. One

serious bug that is difficult to find is a function that changes an object in ways that aren't
obvious to the calling function. Declaring an object const prevents such changes.
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Workshop

The Workshop provides quiz questions to help you solidify your understanding of the material
covered and exercises to provide you with experience in using what you've learned. Try to
answer the quiz and exercise questions before checking the answers in Appendix D, and make
sure you understand the answers before continuing to the next chapter.

Quiz
1. What operator is used to determine the address of a variable?
2. What operator is used to find the value stored at an address held in a pointer?
3. What is a pointer?

4. What is the difference between the address stored in a pointer and the value at that
address?

5. What is the difference between the indirection operator and the address of operator?

6. What is the difference between const int * ptrone and int * const ptrTwo?
Exercises

1. What do these declarations do?

a.int * pOne;

b. int vTwo;

C. int * pThree = &vTwo;

2. If you have an unsigned short Vvariable named yourage, how would you declare a
pointer to manipulate yourage?

3. Assign the value 50 to the variable yourage by using the pointer that you declared in
Exercise 2.

4. Write a small program that declares an integer and a pointer to integer. Assign the
address of the integer to the pointer. Use the pointer to set a value in the integer variable.

5. BUG BUSTERS: What is wrong with this code?

#include <iostream.h>
int main ()

{

int *pInt;
*pInt = 9;
cout << "The value at pInt: " << *plInt;
return 0;
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6. BUG BUSTERS: What is wrong with this code?

int main ()

{

int SomeVariable = 5;

cout << "SomeVariable: " << SomeVariable << "\n";
int *pVar = & SomeVariable;

pVar = 9;

cout << "SomeVariable: " << *pVar << "\n";

return 0;

}

Chapter 7

Arrays and structures

Arrays

In previous chapters, you declared a single int, char, or other object. You often want to declare
a collection of objects, such as 20 ints or a litter of caTs. Today, you learn

« What arrays are and how to declare them.
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e What strings are and how to use character arrays to make them.
e The relationship between arrays and pointers.
e How to use pointer arithmetic with arrays.

What Is an Array?

An array is a collection of data storage locations, each of which holds the same type of data.
Each storage location is called an element of the array.

You declare an array by writing the type, followed by the array name and the subscript. The
subscript is the number of elements in the array, surrounded by square brackets. For example,

long LongArray[25];

declares an array of 25 1ong integers, named Longarray. When the compiler sees this
declaration, it sets aside enough memory to hold all 25 elements. Because each 1ong integer
requires 4 bytes, this declaration sets aside 100 contiguous bytes of memory, as illustrated in
Figure 11.1.

Figure 11.1. Declaring an array.

Array Elements

You access each of the array elements by referring to an offset from the array name. Array
elements are counted from zero. Therefore, the first array element is arrayName [0]. In the
LongArray example, Longarray[0] is the first array element, L.ongarray([1] the second, and so
forth.,

This can be somewhat confusing. The array somearray[3] has three elements. They are
SomeArray[O],SomeArray[l],and SomeArray[Z].hﬂoregenera”y,SomeArray[nJ has n

elements that are numbered someaArray[0] through SomeArray[n-11].

Therefore, Longarray(25] is numbered from Longarray (0] through Longarray(24]. Listing
11.1 shows how to declare an array of five integers and fill each with a value.

Listing 11.1. Using an integer array.

1: //Listing 11.1 - Arrays

2 #include <iostream.h>

3:

4. int main ()

5: {

6: int myArray[5];

7 int 1i;

8: for ( i=0; i<5; i++) // 0-4

9: {

10: cout << "Value for myArray[" << i << "]: ";
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11: cin >> myArrayl[il];

12: }

13: for (1 = 0; 1i<5; 1i++)
14: cout << 1 << ": " << myArray[i] << "\n";
15: return 0;

16: }

Output: Value for myArray[0]: 3
Value for myArray([l]: 6

Value for myArrayl[2]: 9

Value for myArray[3]: 12

Value for myArray[4]: 15

0: 3

1: 6

2: 9

3: 12

4: 15

Analysis: Line 6 declares an array called myarray, which holds five integer variables. Line 8
establishes a loop that counts from 0 through 4, which is the proper set of offsets for a five-
element array. The user is prompted for a value, and that value is saved at the correct offset into
the array.

The first value is saved at myarray[0], the second at myarray (1], and so forth. The second for
loop prints each value to the screen.

NOTE: Arrays count from 0, not from 1. This is the cause of many bugs in programs written by
C++ novices. Whenever you use an array, remember that an array with 10 elements counts from
ArrayName[O]tOArrayName[9J.ThH€iSﬂOArrayName[lOL

Writing Past the End of an Array

When you write a value to an element in an array, the compiler computes where to store the
value based on the size of each element and the subscript. Suppose that you ask to write over the
value at Longarray[5], Which is the sixth element. The compiler multiplies the offset (5) by the
size of each element--in this case, 4. It then moves that many bytes (20) from the beginning of
the array and writes the new value at that location.

If you ask to write at Longarray 501, the compiler ignores the fact that there is no such element.
It computes how far past the first element it should look (200 bytes) and then writes over
whatever is at that location. This can be virtually any data, and writing your new value there
might have unpredictable results. If you're lucky, your program will crash immediately. If you're
unlucky, you'll get strange results much later in your program, and you'll have a difficult time
figuring out what went wrong.

The compiler is like a blind man pacing off the distance from a house. He starts out at the first

house, Mainstreet [0]. When you ask him to go to the sixth house on Main Street, he says to
himself, "I must go five more houses. Each house is four big paces. | must go an additional 20
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steps.” If you ask him to go to Mainstreet [100], and Main Street is only 25 houses long, he
will pace off 400 steps. Long before he gets there, he will, no doubt, step in front of a moving
bus. So be careful where you send him.

Listing 11.2 shows what happens when you write past the end of an array.

WARNING: Do not run this program; it may crash your system!

Listing 11.2. Writing past the end of an array.

1: //Listing 11.2

2: // Demonstrates what happens when you write past the end
3: // of an array

4:

5: #include <iostream.h>

6: int main ()

7z {

8: // sentinels

9: long sentinelOne[3];

10: long TargetArray[25]; // array to fill

11: long sentinelTwo([3];

12: int 1i;

13: for (i=0; 1<3; 1i++)

14: sentinelOne[i] = sentinelTwo[i] = O0;

15:

16: for (i=0; 1<25; 1i++)

17: TargetArrayl[i] = 0;

18:

19: cout << "Test 1: \n"; // test current values (should be 0)
20: cout << "TargetArray[0]: " << TargetArray[0] << "\n";
21: cout << "TargetArray[24]: " << TargetArray[24] << "\n\n";
22

23: for (i = 0; 1i<3; i++)

24 {

25: cout << "sentinelOne[" << 1 << "]: ";

26: cout << sentinelOne[i] << "\n";

27 cout << "sentinelTwo[" << 1 << "]: ";

28: cout << sentinelTwo[1]<< "\n";

29: }

30:

31: cout << "\nAssigning...";

32: for (i = 0; 1i<=25; 1i++)

33: TargetArrayl[i] = 20;

34:

35 cout << "\nTest 2: \n";

36 cout << "TargetArray[0]: " << TargetArray[0] << "\n";
37 cout << "TargetArray[24]: " << TargetArrayl[24] << "\n";
38 cout << "TargetArray[25]: " << TargetArray[25] << "\n\n";
39 for (i = 0; 1i<3; i++)

40 {

41 cout << "sentinelOne[" << i << "]: ";
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42 cout << sentinelOne[i]<< "\n";

43: cout << "sentinelTwo[" << i << "]: ";
44 cout << sentinelTwo[i1]<< "\n";

45: }

46:

472 return 0;

48: }

Output: Test 1:
TargetArray[0]: O
TargetArray[24]: O

SentinelOne [0]
SentinelTwo [0]
SentinelOne[1]:
SentinelTwo[1l]:
SentinelOne[2]
SentinelTwo [2]

O O O O oo

Assigning...

Test 2:
TargetArray[0]: 20
TargetArray[24]: 20
TargetArray[25]: 20

SentinelOne |
SentinelTwo [
SentinelOne [
SentinelTwo [
SentinelOne |
SentinelTwo [

O O OO OoON

Analysis: Lines 9 and 10 declare two arrays of three integers that act as sentinels around
TargetArray. These sentinel arrays are initialized with the value o. If memory is written to
beyond the end of Targetarray, the sentinels are likely to be changed. Some compilers count
down in memory; others count up. For this reason, the sentinels are placed on both sides of
TargetArray.

Lines 19-29 confirm the sentinel values in Test 1. In line 33 Targetarray's members are all
initialized to the value 20, but the counter counts to Targetarray offset 25, which doesn't exist
"]TargetArray

Lines 36-38 print TargetArray's values in Test 2. Note that Targetarray[25] is perfectly
happy to print the value 20. However, when sentinelone and sentinelTwo are printed,
SentinelTwo [0] reveals that its value has changed. This is because the memory that is 25
elements after Targetarray (0] IS the same memory that is at sentinelTwo[0]. When the
nonexistent TargetaArray[0] Was accessed, what was actually accessed was sentinelTwo[0].

This nasty bug can be very hard to find, because sentinel1Two[01]'s value was changed in a part
of the code that was not writing to sentinelTwo at all.
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This code uses "magic numbers" such as 3 for the size of the sentinel arrays and 25 for the size
of Targetarray. It is safer to use constants, so that you can change all these values in one place.

Fence Post Errors

It is so common to write to one past the end of an array that this bug has its own name. It is
called a fence post error. This refers to the problem in counting how many fence posts you need
for a 10-foot fence if you need one post for every foot. Most people answer 10, but of course you
need 11. Figure 11.2 makes this clear.

Figure 11.2. Fence post errors.

This sort of "off by one™ counting can be the bane of any programmer’s life. Over time, however,
you'll get used to the idea that a 25-element array counts only to element 24, and that everything
counts from 0. (Programmers are often confused why office buildings don't have a floor zero.
Indeed, some have been known to push the 4 elevator button when they want to get to the fifth
floor.)

NOTE: Some programmers refer to ArrayName [0] as the zeroth element. Getting into this habit
is a big mistake. If arrayName [0] IS the zeroth element, what iS ArrayName [1]7? The oneth? If
S0, when you see arrayName [24], Will you realize that it is not the 24th element, but rather the
25th? It is far better to say that aArraynName (0] is at offset zero and is the first element.

Declaring Arrays

Arrays can have any legal variable name, but they cannot have the same name as another
variable or array within their scope. Therefore, you cannot have an array named mycats[5] and
a variable named mycats at the same time.

You can dimension the array size with a const or with an enumeration. Listing 11.3 illustrates
this.

Listing 11.3. Using consts and enums in arrays.

// Listing 11.3
// Dimensioning arrays with consts and enumerations

#include <iostream.h>
int main ()
{
enum WeekDays { Sun, Mon, Tue,
Wed, Thu, Fri, Sat, DaysInWeek };
int ArrayWeek[DaysInWeek] = { 10, 20, 30, 40, 50, 60, 70 };

QO ~J oy U b Wb

= O
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N

cout << "The value at Tuesday is: " << ArrayWeek[Tue];
return 0;

147


file:///E:/Lecture_Materials/Cpp%20Manual/art/ch11/11zcp02.jpg

13: }
Output: The value at Tuesday is: 30

Analysis: Line 7 creates an enumeration called weekpays. It has eight members. Sunday is equal
to 0, and paysInweek is equal to 7.

Line 11 uses the enumerated constant Tue as an offset into the array. Because Tue evaluates to 2,
the third element of the array, paysInweek[2], is returned and printed in line 11.

Arrays

To declare an array, write the type of object stored, followed by the name of the array and a
subscript with the number of objects to be held in the array. Example 1

int MyIntegerArray[90];
Example 2

long * ArrayOfPointersToLongs[100];

To access members of the array, use the subscript operator. Example 1

int theNinethInteger = MyIntegerArrayl[8];

Example 2

long * plong = ArrayOfPointersToLongs|[8]

Arrays count from zero. An array of n items is numbered from 0 to n-1.

Initializing Arrays

You can initialize a simple array of built-in types, such as integers and characters, when you first

declare the array. After the array name, you put an equal sign (=) and a list of comma-separated
values enclosed in braces. For example,

int IntegerArrayl[5] = { 10, 20, 30, 40, 50 };

declares Tntegerarray to be an array of five integers. It assigns Integerarray[0] the value 10,
IntegerArray[1] the value 20, and so forth.

If you omit the size of the array, an array just big enough to hold the initialization is created.
Therefore, if you write

int IntegerArray[] = { 10, 20, 30, 40, 50 };

you will create exactly the same array as you did in the previous example.
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If you need to know the size of the array, you can ask the compiler to compute it for you. For
example,

const USHORT IntegerArraylength;
IntegerArraylLength = sizeof (IntegerArray)/sizeof (IntegerArray[0]);

sets the constant usHorT variable IntegeraArrayLength to the result obtained from dividing the
size of the entire array by the size of each individual entry in the array. That quotient is the
number of members in the array.

You cannot initialize more elements than you've declared for the array. Therefore,

int IntegerArrayl[5] = { 10, 20, 30, 40, 50, 60};

generates a compiler error because you've declared a five-member array and initialized six
values. It is legal, however, to write

int IntegerArray[5] = { 10, 20};

Although uninitialized array members have no guaranteed values, actually, aggregates will be
initialized to o. If you don't initialize an array member, its value will be set to o.

DO let the compiler set the size of initialized arrays. DON'T write past the end of the array. DO
give arrays meaningful names, as you would with any variable.DO remember that the first
member of the array is at offset 0.

Arrays of Objects

Any object, whether built-in or user-defined, can be stored in an array. When you declare the
array, you tell the compiler the type of object to store and the number of objects for which to
allocate room. The compiler knows how much room is needed for each object based on the class
declaration. The class must have a default constructor that takes no arguments so that the objects
can be created when the array is defined.

Accessing member data in an array of objects is a two-step process. You identify the member of
the array by using the index operator (1 1), and then you add the member operator (.) to access
the particular member variable. Listing 11.4 demonstrates how you would create an array of five
CATS.

Listing 11.4. Creating an array of objects.

// Listing 11.4 - An array of objects

#include <iostream.h>

W N

149



5: class CAT

6: {

7: public:

8: CAT () { itsAge = 1; itsWeight=5; }

9: ~CAT () {}

10: int GetAge() const { return itsAge; }
11: int GetWeight () const { return itsWeight; }
12: void SetAge (int age) { itsAge = age; }
13:

14: private:

15: int itsAge;

16: int itsWeight;

17: }s

18:

19: int main ()

20: {

21: CAT Litter[5];

22 int 1i;

23: for (i = 0; 1 < 5; 1i++)

24 Litter[i].SetAge(2*i +1);

25:

26: for (i = 0; 1 < 5; 1i++)

27 {

28: cout << "Cat #" << i+l<< ": M

29: cout << Litter[i].GetAge () << endl;
30: }

31: return 0;

32: }

Output: cat #1: 1

cat #2: 3
cat #3: 5
cat #4: 7
cat #5: 9

Analysis: Lines 5-17 declare the car class. The cat class must have a default constructor so that
CAT Objects can be created in an array. Remember that if you create any other constructor, the
compiler-supplied default constructor is not created; you must create your own.

The first for loop (lines 23 and 24) sets the age of each of the five cats in the array. The second
for loop (lines 26 and 27) accesses each member of the array and calls Getage ().

Each individual cat's cetage () method is called by accessing the member in the array,
Litter[i], followed by the dot operator (.), and the member function.

Multidimensional Arrays
It is possible to have arrays of more than one dimension. Each dimension is represented as a
subscript in the array. Therefore, a two-dimensional array has two subscripts; a three-

dimensional array has three subscripts; and so on. Arrays can have any number of dimensions,
although it is likely that most of the arrays you create will be of one or two dimensions.
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A good example of a two-dimensional array is a chess board. One dimension represents the eight
rows; the other dimension represents the eight columns. Figure 11.3 illustrates this idea.

Suppose that you have a class named square. The declaration of an array named Board that
represents it would be

SQUARE Board([8][8];

You could also represent the same data with a one-dimensional, 64-square array. For example,

SQUARE Board[64]

This doesn't correspond as closely to the real-world object as the two-dimension. When the game
begins, the king is located in the fourth position in the first row. Counting from zero array, that
position corresponds to

Board[0] [3];

assuming that the first subscript corresponds to row, and the second to co1umn. The layout of
positions for the entire board is illustrated in Figure 11.3.

Figure 11.3. A chess board and a two-dimensional array.
Initializing Multidimensional Arrays

You can initialize multidimensional arrays. You assign the list of values to array elements in
order, with the last array subscript changing while each of the former holds steady. Therefore, if
you have an array

int theArray[5][3]
the first three elements go into thearray[07]; the next three into thearray[17]; and so forth.

You initialize this array by writing

int theArray[5](3] = { 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15 }

For the sake of clarity, you could group the initializations with braces. For example,
int theArray([5][3] = { {1,2,3},

{4,5,06},

{7,8,9},

{10,11,12},
{13,14,15} };

The compiler ignores the inner braces, which make it easier to understand how the numbers are
distributed.
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Each value must be separated by a comma, without regard to the braces. The entire initialization
set must be within braces, and it must end with a semicolon.

Listing 11.5 creates a two-dimensional array. The first dimension is the set of numbers from 0 to
5. The second dimension consists of the double of each value in the first dimension.

Listing 11.5. Creating a multidimensional array.

1: #include <iostream.h>

2: int main ()

3: {

4: int SomeArray([5](2] = { {0,0}, {1,2}, (2,4}, {3,6}, {4,8}};
5: for (int 1 = 0; 1<5; 1i++)

6: for (int 3=0; j<2; j++)

7 {

8: cout << "SomeArray[" << i << "][" << J << "]: "y
9: cout << SomeArray[i][]j]<< endl;

10: }

11:

12: return 0;

13: }

Output: SomeArray[0][0]: O
SomeArray[0] [1]:
SomeArray [
SomeArray [
SomeArray [
SomeArray [
SomeArray [
SomeArray [
SomeArray [
SomeArray [

[
0
1
2
2
4
3
6
4
8
Analysis: Line 4 declares somearray to be a two-dimensional array. The first dimension consists
of five integers; the second dimension consists of two integers. This creates a 5x2 grid, as Figure
11.4 shows.

Figure 11.4. A 5x2 array.

The values are initialized in pairs, although they could be computed as well. Lines 5 and 6 create
a nested for loop. The outer for loop ticks through each member of the first dimension. For
every member in that dimension, the inner for loop ticks through each member of the second
dimension. This is consistent with the printout. somearray[0] [0] is followed by

someArray[0] [1]. The first dimension is incremented only after the second dimension is
incremented by 1. Then the second dimension starts over.
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A Word About Memory

When you declare an array, you tell the compiler exactly how many objects you expect to store
in it. The compiler sets aside memory for all the objects, even if you never use it. This isn't a
problem with arrays for which you have a good idea of how many objects you'll need. For
example, a chess board has 64 squares, and cats have between 1 and 10 kittens. When you have
no idea of how many objects you'll need, however, you must use more advanced data structures.

This book looks at arrays of pointers, arrays built on the free store, and various other collections.
Other more advanced data structures that solve large data storage problems are beyond the scope
of this book. Two of the great things about programming are that there are always more things to
learn and that there are always more books from which to learn.

Arrays of Pointers

The arrays discussed so far store all their members on the stack. Usually stack memory is
severely limited, whereas free store memory is far larger. It is possible to declare each object on
the free store and then to store only a pointer to the object in the array. This dramatically reduces
the amount of stack memory used. Listing 11.6 rewrites the array from Listing 11.4, but it stores
all the objects on the free store. As an indication of the greater memory that this enables, the
array is expanded from 5 to 500, and the name is changed from Litter t0 Family.

Listing 11.6. Storing an array on the free store.

1: // Listing 11.6 - An array of pointers to objects
2:

3: #include <iostream.h>

4:

5: class CAT

6: {

7 public:

8: CAT() { itsAge = 1; itsWeight=5; }

9: ~CAT () {} // destructor
10: int GetAge() const { return itsAge; }

11: int GetWeight () const { return itsWeight; }
12: void SetAge (int age) { itsAge = age; }

13:

14: private:

15: int itsAge;

16: int itsWeight;

17: }s

18:

19: int main ()

20: {

21: CAT * Family[500];

22 int i;

23: CAT * pCat;

24 for (i = 0; 1 < 500; i++)

25: {

26: pCat = new CAT;
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27 pCat->SetAge (2*1 +1);

28: Family[i] = pCat;

29: }

30:

31: for (1 = 0; 1 < 500; i++)

32: {

33: cout << "Cat #" << 1i+1 << ": ',

34: cout << Family[i]->GetAge () << endl;
35: }

36: return O;

37: }

Output: Cat #1: 1
Cat #2: 3
Cat #3: 5

Cat #499: 997
Cat #500: 999

Analysis: The cat object declared in lines 5-17 is identical with the caT object declared in
Listing 11.4. This time, however, the array declared in line 21 is named Family, and it is
declared to hold 500 pointers to caT objects.

In the initial loop (lines 24-29), 500 new caT objects are created on the free store, and each one
has its age set to twice the index plus one. Therefore, the first car is set to 1, the second carT to 3,
the third caT to 5, and so on. Finally, the pointer is added to the array.

Because the array has been declared to hold pointers, the pointer--rather than the dereferenced
value in the pointer--is added to the array.

The second loop (lines 31 and 32) prints each of the values. The pointer is accessed by using the
index, Family[i]. That address is then used to access the cetage () method.

In this example, the array rami1y and all its pointers are stored on the stack, but the 500 cats
that are created are stored on the free store.

Declaring Arrays on the Free Store
It is possible to put the entire array on the free store, also known as the heap. You do this by

calling new and using the subscript operator. The result is a pointer to an area on the free store
that holds the array. For example,

CAT *Family = new CAT[500];

declares rami 1y to be a pointer to the first in an array of 500 cars. In other words, Fami 1y points
to--or has the address of--Family[0].

The advantage of using Fami1ly in this way is that you can use pointer arithmetic to access each
member of Fami1y. FOr example, you can write
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CAT *Family = new CAT[500];

CAT *pCat = Family; //pCat points to Family[O0]
pCat->SetAge (10) ; // set Family[0] to 10
pCat++; // advance to Family[1]
pCat->SetAge (20) ; // set Family[l] to 20

This declares a new array of 500 cats and a pointer to point to the start of the array. Using that
pointer, the first cat's setage () function is called with a value of 10. The pointer is then
incremented to point to the next cat, and the second cat's setage () method is then called.

A Pointer to an Array Versus an Array of Pointers

Examine these three declarations:

1: Cat FamilyOne [500]
2 CAT * FamilyTwo[500];
3: CAT * FamilyThree = new CATI[500];

FamilyOne i$ an array of 500 caATS. FamilyTwo IS an array of 500 pointers to CATS. FamilyThree
is a pointer to an array of 500 caTs.

The differences among these three code lines dramatically affect how these arrays operate. What
is perhaps even more surprising is that FamilyThree is a variant of Familyone, but is very
different from rFamilyTwo.

This raises the thorny issue of how pointers relate to arrays. In the third case, Fami1yThree IS a
pointer to an array. That is, the address in Fami1yThree is the address of the first item in that
array. This is exactly the case for Fami1yone.

Pointers and Array Names

In C++ an array name is a constant pointer to the first element of the array. Therefore, in the
declaration

CAT Family[50];
Family IS @ pointer to sFamily[0], Which is the address of the first element of the array Fami1y.

It is legal to use array names as constant pointers, and vice versa. Therefore, Family + 4isa
legitimate way of accessing the data at Family[4].

The compiler does all the arithmetic when you add to, increment, and decrement pointers. The
address accessed when you write Family + 4 isn't 4 bytes past the address of Fami1y--it is four
objects. If each object is 4 bytes long, Fami1ly + 4 is 16 bytes. If each object is a cat that has
four 10ng member variables of 4 bytes each and two short member variables of 2 bytes each,
each cat is 20 bytes, and ramily + 4 is 80 bytes past the start of the array.
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Listing 11.7 illustrates declaring and using an array on the free store.

Listing 11.7. Creating an array by using new.

0 J o U b W N

9.

10:
11:
12:
13:
14:
15:
16:
17:
18:
19:
20:
21:
22
23:
24
25:
26:
27
28:
29:
30:
31:
32:
33:
34:
35:
36:
37:
38:
38:
39:
40:
47 :
42
43:
44
45:

Output:
Cat #2:
Cat #3:

// Listing 11.7 - An array on the free store

#include <iostream.h>

class CAT
{
public:
CAT () { itsAge = 1; itsWeight=5; }
~CAT () ;
int GetAge() const { return itsAge; }

int GetWeight () const { return itsWeight;

void SetAge(int age) { itsAge = age; }

private:
int itsAge;
int itsWeight;
}i

CAT :: ~CAT()
{
// cout << "Destructor called!\n";

}

int main ()
{
CAT * Family = new CAT[500];
int 1i;
CAT * pCat;
for (i = 0; 1 < 500; i++)
{
pCat = new CAT;
pCat->SetAge (2*1 +1);
Family[i] = *pCat;
delete pCat;
}

for (1 = 0; i < 500; i++)
{
cout << "Cat #" << i+l << ": "
cout << Family[i].GetAge () << endl;
}

delete [] Family;

return 0;

Cat #1: 1
3
5
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Cat #499: 997
Cat #500: 999

Analysis: Line 26 declares the array rami1y, which holds 500 cat objects. The entire array is
created on the free store with the call to new caT[500].

Each car object added to the array also is created on the free store (line 31). Note, however, that
the pointer isn't added to the array this time; the object itself is. This array isn't an array of
pointers to cats. It is an array of caTs.

Deleting Arrays on the Free Store

Family IS @ pointer, a pointer to the array on the free store. When, on line 33, the pointer pcat is
dereferenced, the cat object itself is stored in the array (why not? the array is on the free store).
But pcat is used again in the next iteration of the loop. Isn't there a danger that there will now be
no pointer to that cat object, and a memory leak has been created?

This would be a big problem, except that deleting Fami 1y returns all the memory set aside for the
array. The compiler is smart enough to destroy each object in the array and to return its memory
to the free store.

To see this, change the size of the array from 500 to 10 in lines 26, 29, and 37. Then uncomment
the cout statement in line 21. When line 40 is reached and the array is destroyed, each cat
object destructor is called.

When you create an item on the heap by using new, you always delete that item and free its
memory with de1ete. Similarly, when you create an array by using new <class>[size], YoU
delete that array and free all its memory with de1ete[]. The brackets signal the compiler that
this array is being deleted.

If you leave the brackets off, only the first object in the array will be deleted. You can prove this
to yourself by removing the bracket on line 40. If you edited line 21 so that the destructor prints,
you should now see only one caT object destroyed. Congratulations! You just created a memory
leak.

DO remember that an array of n items is numbered from zero through n-1. DON'T write or read
past the end of an array. DON'T confuse an array of pointers with a pointer to an array. DO use
array indexing with pointers that point to arrays.

char Arrays

A string is a series of characters. The only strings you've seen until now have been unnamed
string constants used in cout Statements, such as
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cout << "hello world.\n";

In C++ astring is an array of chars ending with a null character. You can declare and initialize a
string just as you would any other array. For example,

char Greetingl[] =
{ \H'I \e'l \l'l \l'l \O'I X \I \W'I'O'l'r'l'l'lvd'l \\O‘ };

The last character, *\o", is the null character, which many C++ functions recognize as the
terminator for a string. Although this character-by-character approach works, it is difficult to

type and admits too many opportunities for error. C++ enables you to use a shorthand form of
the previous line of code. It is

char Greeting[] = "Hello World";
You should note two things about this syntax:
« Instead of single quoted characters separated by commas and surrounded by braces, you
have a double-quoted string, no commas, and no braces.

e You don't need to add the null character because the compiler adds it for you.

The string He11o World is 12 bytes. Hello IS 5 bytes, the space 1, wor1d 5, and the null
character 1.

You can also create uninitialized character arrays. As with all arrays, it is important to ensure
that you don't put more into the buffer than there is room for.

Listing 11.8 demonstrates the use of an uninitialized buffer.

Listing 11.8. Filling an array.

1: //Listing 11.8 char array buffers
2:

3: #include <iostream.h>

4:

5: int main ()

6: {

7 char buffer[80];

8: cout << "Enter the string: ";
9: cin >> buffer;

10: cout << "Here's the buffer: " << buffer << endl;
11: return 0;

12: 1}

Output: Enter the string: Hello World
Here's the buffer: Hello

Analysis: On line 7, a buffer is declared to hold 80 characters. This is large enough to hold a 79-
character string and a terminating null character.
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On line 8, the user is prompted to enter a string, which is entered into buffer on line 9. It is the
syntax of cin to write a terminating null to buffer after it writes the string.

There are two problems with the program in Listing 11.8. First, if the user enters more than 79
characters, cin writes past the end of the buffer. Second, if the user enters a space, cin thinks
that it is the end of the string, and it stops writing to the buffer.

To solve theseproblems, you must call a special method on cin: get (). cin.get () takes three
parameters:

The buffer to fill
The maximum number of characters to get

The delimiter that terminates input

The default delimiter is newline. Listing 11.9 illustrates its use.

Listing 11.9. Filling an array.

1: //Listing 11.9 using cin.get ()

2:

3: #include <iostream.h>

4:

5: int main ()

6: {

7 char buffer[80];

8: cout << "Enter the string: ";

9: cin.get (buffer, 79); // get up to 79 or newline
10: cout << "Here's the buffer: " << buffer << endl;
11: return 0;

12: }

Output: Enter the string: Hello World
Here's the buffer: Hello World

Analysis: Line 9 calls the method get () of cin. The buffer declared in line 7 is passed in as the
first argument. The second argument is the maximum number of characters to get. In this case, it
must be 79 to allow for the terminating nu11. There is no need to provide a terminating character
because the default value of new1ine is sufficient.

cin and all its variations are covered on Day 17, "The Preprocessor,” when streams are discussed
in depth.
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strcpy() and strncpy()

C++ inherits from C a library of functions for dealing with strings. Among the many functions
provided are two for copying one string into another: strcpy () and strncpy (). strcpy ()
copies the entire contents of one string into a designated buffer. Listing 11.10 demonstrates the
use of strepy ().

Listing 11.10. Using strcpy().

1: #include <iostream.h>

2: #include <string.h>

3: int main ()

4: {

5: char Stringl[] = "No man is an island";
6: char String2[80];

7z

8: strcpy (String2, Stringl) ;

9:

10: cout << "Stringl: " << Stringl << endl;
11: cout << "String2: " << String2 << endl;
12: return 0;

13: }

Output: Stringl: No man is an island
String2: No man is an island

Analysis: The header file string.n is included in line 2. This file contains the prototype of the
strepy () function. strepy () takes two character arrays--a destination followed by a source. If
the source were larger than the destination, strcpy () would overwrite past the end of the buffer.

To protect against this, the standard library also includes strncpy (). This variation takes a
maximum number of characters to copy. strncpy () copies up to the first null character or the
maximum number of characters specified into the destination buffer.

Listing 11.11 illustrates the use of strncpy ().

Listing 11.11. Using strncpy().

1: #include <iostream.h>

2: #include <string.h>

3: int main ()

4: {

5: const int MaxLength = 80;

6: char Stringl[] = "No man is an island";
7 char String2[MaxLength+1l];

8:

9:

10: strncpy (String2, Stringl,MaxLength) ;

11:

12: cout << "Stringl: " << Stringl << endl;
13: cout << "String2: " << String2 << endl;
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14: return O;
15: }

Output: Stringl: No man is an island
String2: No man is an island

Analysis: In line 10, the call to strcpy () has been changed to a call to st rncpy (), which takes
a third parameter: the maximum number of characters to copy. The buffer string2 is declared to
take MaxLength+1 characters. The extra character is for the null, which both strcpy () and
strncpy () automatically add to the end of the string.

String Classes

Most C++ compilers come with a class library that includes a large set of classes for data
manipulation. A standard component of a class library isa string class.

C++ inherited the null-terminated string and the library of functions that includes strcpy () from
C, but these functions aren't integrated into an object-oriented framework. A string class
provides an encapsulated set of data and functions for manipulating that data, as well as accessor
functions so that the data itself is hidden from the clients of the string class.

If your compiler doesn't already provide a string class--and perhaps even if it does--you might
want to write your own. The remainder of this chapter discusses the design and partial
implementation of string classes.

At a minimum, a string class should overcome the basic limitations of character arrays. Like all
arrays, character arrays are static. You define how large they are. They always take up that much
room in memory even if you don't need it all. Writing past the end of the array is disastrous.

A good string class allocates only as much memory as it needs, and always enough to hold
whatever it is given. If it can't allocate enough memory, it should fail gracefully.

Listing 11.12 provides a first approximation of a string class.

Listing 11.12. Using a String class.

//Listing 11.12

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

// Rudimentary string class
class String

{

O J oy U WD

= O

public:
// constructors
String () ;
String(const char *const);
String(const String &) ;

e
w N
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14:
15:
16:
17:
18:
19:
20:
21:
22
23:
24 :
25:
26:
27:
28:
29:
30:
31:
32:
33:
34:
35:
36:
37:
38:
39:
40:
471
42
43:
44
45:
46:
47 :
48:
49:
50:
51:
52:
53:
54:
55:
56:
57:
58:
59:
60:
6l:
62:
63:
64:
65:
66:
67:
68:
69:
70:

bi

~String () ;

// overloaded operators

char & operator[] (unsigned short offset);
char operator|[] (unsigned short offset) const;
String operator+ (const Stringé) ;

void operator+=(const Stringé&);

String & operator= (const String &);

// General accessors
unsigned short GetLen()const { return itsLen; }

const char * GetString() const { return itsString; }
private:
String (unsigned short); // private constructor

char * itsString;
unsigned short itsLen;

// default constructor creates string of 0 bytes
String::String()

{

}

itsString = new char[1l];
itsString[0] = “\0';
itsLen=0;

// private (helper) constructor, used only by
// class methods for creating a new string of
// required size. Null filled.
String::String(unsigned short len)

{

}

itsString = new char[len+l];

for (unsigned short i = 0; i<=len; i++)
itsString[i] = "\0';

itsLen=len;

// Converts a character array to a String
String::String(const char * const cString)

{

}

itsLen = strlen(cString);

itsString = new char[itsLen+1];

for (unsigned short i = 0; i<itsLen; i++)
itsString[i] = cString[i];

itsString[itsLen]='\0";

// copy constructor
String::String (const String & rhs)

{

itsLen=rhs.GetLen () ;
itsString = new char[itsLen+1];

for (unsigned short i = 0; i<itsLen;i++)
itsString[i] = rhs[i];
itsString[itsLen] = “\0';
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71:
72
73:
74
75:
76:
77
78:
79:
80:
81:
82:
83:
84:
85:
86:
87:
88:
89:
90:
91:
92:
93:
94 .
95:
96:
97:
98:
99:

100:
101:
102:
103:
104:
105:
106:
107:
108:
109:
110:
111:
112:
113:
114:
115:
116:
117:
118:
119:
120:
121:
122:
123:
124:
125:
126:
127:

// destructor, frees allocated memory
String::~String ()
{

delete [] itsString;

itsLen = 0;

}

// operator equals, frees existing memory
// then copies string and size
String& String::operator=(const String & rhs)

{

if (this == é&rhs)
return *this;
delete [] itsString;

itsLen=rhs.GetLen () ;
itsString = new char[itsLen+1];

for (unsigned short i = 0; i<itsLen;i++)
itsString[i] = rhs[i];
itsString[itsLen] = “\0';

return *this;

}

//nonconstant offset operator, returns
// reference to character so it can be
// changed!
char & String::operator[] (unsigned short offset)
{
if (offset > itsLen)
return itsString[itsLen-1];
else
return itsStringloffset];

}

// constant offset operator for use
// on const objects (see copy constructor!)
char String::operator[] (unsigned short offset) const
{
if (offset > itsLen)
return itsString[itsLen-1];
else
return itsStringloffset];

}

// creates a new string by adding current
// string to rhs
String String::operator+ (const Stringé& rhs)
{
unsigned short totallen = itsLen + rhs.GetLen();
String temp (totallen);
for (unsigned short i = 0;
temp[i] = itsStringli];
for (unsigned short 7 = 0;
temp[i] = rhs[j];
temp[totallLen]='\0";
return temp;

i<itsLen; i++)
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128:

129: // changes current string, returns nothing
130: void String::operator+=(const Stringé& rhs)
131: {

132: unsigned short rhsLen = rhs.GetLen();

133: unsigned short totallen = itsLen + rhsLen;
134: String temp (totallen);

135: for (unsigned short i = 0; i<itsLen; i++)
136: temp[i] = itsStringli];

137: for (unsigned short j = 0; j<rhs.GetlLen(); Jj++,
138: temp[i] = rhs[i-itsLen];

139: temp[totallLen]="\0";

140: *this = temp;

141: }

142:

143: int main ()

144: {

145: String sl ("initial test");

146: cout << "S1:\t" << sl.GetString() << endl;
147:

148: char * temp = "Hello World";

149: sl = temp;

150: cout << "S1:\t" << sl.GetString() << endl;
151:

152: char tempTwo[20];

153: strcpy (tempTwo,"; nice to be here!");

154: sl += tempTwo;

155: cout << "tempTwo:\t" << tempTwo << endl;
156: cout << "S1:\t" << sl.GetString() << endl;
157:

158: cout << "S1[4]:\t" << sl[4] << endl;

159: sll[4]="x";

160: cout << "S1:\t" << sl.GetString() << endl;
161:

162: cout << "S1[999]:\t" << s1[999] << endl;
163:

164: String s2 (" Another string");

165: String s3;

166: s3 = sl+s2;

167: cout << "S3:\t" << s3.GetString() << endl;
168:

169: String s4;

170: s4 = "Why does this work?";

171: cout << "S4:\t" << s4.GetString() << endl;
172: return 0;

173: }

Output: Sl: initial test

S1: Hello world

tempTwo: ; nice to be here!

Sl: Hello world; nice to be here!

S1[47]: o

S1: Hellx World; nice to be here!

S11999]: !

S3: Hellx World; nice to be here! Another string
S4d: Why does this work?
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Analysis: Lines 7-31 are the declaration of a simple string class. Lines 11-13 contain three
constructors: the default constructor, the copy constructor, and a constructor that takes an
existing null-terminated (C-style) string.

This string class overloads the offset operator ([ 1), operator plus (+), and operator plus-equals
(+=). The offset operator is overloaded twice: once as a constant function returning a char and
again as a nonconstant function returning a reference to a char.

The nonconstant version is used in statements such as

A\l

SomeString[4]="x";

as seen in line 159. This enables direct access to each of the characters in the string. A reference
to the character is returned so that the calling function can manipulate it.

The constant version is used when a constant string object is being accessed, such as in the
implementation of the copy constructor, (line 63). Note that rhs (1] IS accessed, yet rhs is
declared as a const string s. Itisn't legal to access this object by using a nonconstant member
function. Therefore, the reference operator must be overloaded with a constant accessor.

If the object being returned were large, you might want to declare the return value to be a
constant reference. However, because a char is only one byte, there would be no point in doing
that.

The default constructor is implemented in lines 33-39. It creates a string whose length is 0. It is
the convention of this string class to report its length not counting the terminating null. This
default string contains only a terminating null.

The copy constructor is implemented in lines 63-70. It sets the new string's length to that of the
existing string--plus 1 for the terminating null. It copies each character from the existing string to
the new string, and it null-terminates the new string.

Lines 53-60 implement the constructor that takes an existing C-style string. This constructor is
similar to the copy constructor. The length of the existing string is established by a call to the
standard string library function strien().

On line 28, another constructor, string (unsigned short), is declared to be a private member
function. It is the intent of the designer of this class that no client class ever create a string of
arbitrary length. This constructor exists only to help in the internal creation of strings as
required, for example, by operator+=, on line 130. This will be discussed in depth when
operator+= is described, below.

The string (unsigned short) constructor fills every member of its array with nurr. Therefore,
the for loop checks for i<=1en rather than i<ien.
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The destructor, implemented in lines 73-77, deletes the character string maintained by the class.
Be sure to include the brackets in the call to the delete operator, so that every member of the
array is deleted, instead of only the first.

The assignment operator first checks whether the right-hand side of the assignment is the same
as the left-hand side. If it isn't, the current string is deleted, and the new string is created and
copied into place. A reference is returned to facilitate assignments lik

Stringl = String2 = String3;

The offset operator is overloaded twice. Rudimentary bounds checking is performed both times.
If the user attempts to access a character at a location beyond the end of the array, the last
character--that is, 1en-1--is returned.

Lines 117-127 implement operator plus (+) as a concatenation operator. It is convenient to be
able to write

String3 = Stringl + String2;

and have string3 be the concatenation of the other two strings. To accomplish this, the operator
plus function computes the combined length of the two strings and creates a temporary string
temp. This invokes the private constructor, which takes an integer, and creates a string filled with
nulls. The nulls are then replaced by the contents of the two strings. The left-hand side string
(*tnis) is copied first, followed by the right-hand side string (rhs).

The first for loop counts through the string on the left-hand side and adds each character to the
new string. The second for loop counts through the right-hand side. Note that i continues to
count the place for the new string, even as 5 counts into the rhs string.

Operator plus returns the temp string by value, which is assigned to the string on the left-hand
side of the assignment (string1). Operator += operates on the existing string--that is, the left-
hand side of the statement stringl += string2. It works just like operator plus, except that the
temp value is assigned to the current string (*this = temp) in line 140.

The main () function (lines 143-173) acts as a test driver program for this class. Line 145 creates
a string object by using the constructor that takes a null-terminated C-style string. Line 146
prints its contents by using the accessor function cetstring (). Line 148 creates another C-style
string. Line 149 tests the assignment operator, and line 150 prints the results.

Line 152 creates a third C-style string, tempTwo. Line 153 invokes strcpy to fill the buffer with
the characters ; nice to be here! Line 154 invokes operator += and concatenates tempTwo
onto the existing string s1. Line 156 prints the results.

In line 158, the fifth character in s1 is accessed and printed. It is assigned a new value in line

159. This invokes the nonconstant offset operator (1 1). Line 160 prints the result, which shows
that the actual value has, in fact, been changed.
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Line 162 attempts to access a character beyond the end of the array. The last character of the
array is returned, as designed.

Lines 164-165 create two more string objects, and line 166 calls the addition operator. Line
167 prints the results.

Line 169 creates a new string object, s4. Line 170 invokes the assignment operator. Line 171
prints the results. You might be thinking, "The assignment operator is defined to take a constant
string reference in line 21, but here the program passes in a C-style string. Why is this legal?"

The answer is that the compiler expects a string, but it is given a character array. Therefore, it
checks whether it can create a string from what it is given. In line 12, you declared a
constructor that creates strings from character arrays. The compiler creates a temporary string
from the character array and passes it to the assignment operator. This is known as implicit
casting, or promotion. If you had not declared--and provided the implementation for--the
constructor that takes a character array, this assignment would have generated a compiler error.

Structures

What is a structure?

A structure is a user-defined data type in C/C++. A structure creates a data type that can be used to
group items of possibly different types into a single type.

Struct keyword tag or structure tag

struct geeksforgeeks

{

char _name [10];

: : : Members or

int id [5]' Fields of structure
float salary;

Structures in C++

How to create a structure?

The ‘struct’ keyword is used to create a structure. The general syntax to create a structure is as shown
below:
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struct structureName{
memberl;
member2;

member3;

memberN;
}s
Structures in C++ can contain two types of members:

o Data Member: These members are normal C++ variables. We can create a structure with
variables of different data types in C++.
e Member Functions: These members are normal C++ functions. Along with variables, we
can also include functions inside a structure declaration.
Example:

// Data Members
int roll;
int age;

int marks;

// Member Functions

void printDetails ()

cout<<"Roll = "<<roll<<"\n";

cout<<"Age = "<<age<<"\n";
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cout<<"Marks = "<<marks;

In the above structure, the data members are three integer variables to store roll number, age and
marks of any student and the member function is printDetails() which is printing all of the above
details of any student.

How to declare structure variables?

A structure variable can either be declared with structure declaration or as a separate declaration like
basic types.

// A variable declaration with structure declaration.

struct Point

int x, vy;

} pl; // The variable pl is declared with 'Point'

// A variable declaration like basic data types

struct Point

int x, vy;

int main ()
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struct Point pl; // The variable pl is declared like a normal
variable

Note: In C++, the struct keyword is optional before in declaration of a variable. In C, it is mandatory.

How to initialize structure members?

Structure members cannot be initialized with declaration. For example the following C program fails
in compilation.

But is considered correct in C++11 and above.

struct Point

int x = 0; // COMPILER ERROR: cannot initialize members here

inty 0; // COMPILER ERROR: cannot initialize members here

The reason for above error is simple, when a datatype is declared, no memory is allocated for it.
Memory is allocated only when variables are created.

Structure members can be initialized with declaration in C++. For Example the following C++
program Executes Successfully without throwing any Error.

// In C++ We can Initialize the Variables with Declaration in
Structure.

#include <iostream>

using namespace std;
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struct Point {

int x = 0; // It is Considered as Default Arguments and no Error is
Raised

inty = 1;
i
int main ()

struct Point pl;

// Accessing members of point pl

// No value is Initialized then the default value is considered.
ie x=0 and y=1;

cout << "x = "<<K pl.x << ", y = "< pl.y<<endl;

// Initializing the value of y = 20;

pl.y = 20;

cout << "x = "< pl.x << ", y = "< pl.y;

return 0;
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// This code is contributed by Samyak Jain

X=0, y=1
X=0, y=20

Structure members can be initialized using curly braces ‘{}’. For example, following is a valid
initialization.
struct Point {
int x, vy;
i

int main ()

// A valid initialization. member x gets value 0 and y
// gets value 1. The order of declaration is followed.

struct Point pl = { 0, 1 };

How to access structure elements?
Structure members are accessed using dot (.) operator.

#include <iostream>
using namespace std;
struct Point {

int x, y;
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int main ()

struct Point pl = { 0, 1 };

// Accessing members of point pl

pl.x = 20;

cout << "x = "< pl.x << ", v ="K pl.y;

return 0;

Output
X =20,y =1

What is an array of structures?
Like other primitive data types, we can create an array of structures.

#include <iostream>

using namespace std;

struct Point {

int x, y;
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int main ()

// Create an array of structures

struct Point arr[10];

// Access array members

arr[0].x = 10;

arr[0].y = 20;

cout << arr[0].x << " " << arr[0].y;

return 0;

Output
10 20
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Chapter 8

File Operations (File Input/output)

Overview of Streams

C++ does not, as part of the language, define how data is written to the screen or to a file, nor
how data is read into a program. These are clearly essential parts of working with C++, however,
and the standard C++ library now includes the iostream library, which facilitates input and
output (1/0).

The advantage of having the input and output kept apart from the language and handled in
libraries is that it is easier to make the language "platform-independent.” That is, you can write
C++ programs on a PC and then recompile them and run them on a Sun Workstation. The
compiler manufacturer just supplies the right library, and everything works. At least that's the
theory.

NOTE: A library is a collection of OBJ files that can be linked to your program to provide
additional functionality. This is the most basic form of code reuse, and has been around since
ancient programmers chiseled 1s and Os into the walls of caves.

Buffering

Writing to the disk (and to a lesser extent the screen) is very "expensive." It takes a long time
(relatively speaking) to write data to the disk or to read data from the disk, and execution of the
program is generally blocked by disk writes and reads. To solve this problem, streams provide
"puffering.” Data is written into the stream, but it is not written back out to the disk immediately.
Instead, the stream's buffer fills and fills, and when it is full it writes to the disk all at once.

When the water (data) reaches the top, the valve opens and all the water flows out in a rush.

Once the buffer is empty, the bottom valve closes, the top valve opens, and more water flows
into the buffer tank.

Streams and Buffers

As you might expect, C++ takes an object-oriented view toward implementing streams and
buffers.

e The streambuf class manages the buffer, and its member functions provide the
capability to fill, empty, flush, and otherwise manipulate the buffer.

e The ios class is the base class to the input and output stream classes. The ios class has a
streambuf Object as a member variable.
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e The istreamand ostream classes derive from the ios class and specialize input and
output stream behavior, respectively.

e The iostrean class is derived from both the istream and the ostream classes and
provides input and output methods for writing to the screen.

e The fstream classes provide input and output from files.

File Input and Output

Streams provide a uniform way of dealing with data coming from the keyboard or the hard disk
and going out to the screen or hard disk. In either case, you can use the insertion and extraction
operators or the other related functions and manipulators. To open and close files, you create
ifstream and ofstream Objects as described in the next few sections.

ofstream

The particular objects used to read from or write to files are called ofstream 0bjects. These are
derived from the iostream Objects you've been using so far.

To get started with writing to a file, you must first create an ofstream 0Object, and then associate
that object with a particular file on your disk. To use ofstream 0Objects, you must be sure to
include fstream.h Iin your program.

NOTE: Because fstream.h includes iostream.h, there is no need for you to include iostream
explicitly.

Condition States

The iostream Objects maintain flags that report on the state of your input and output. You can
check each of these flags using the Boolean functions eof (), bad (), fail (), and good (). The
function eof () returns true if the iostream Object has encountered EOF, end of file. The
function bad () returns TrurE if you attempt an invalid operation. The function fai1 () returns
TRUE anytime bad () is true or an operation fails. Finally, the function good () returns TrRuE
anytime all three of the other functions are rFarsk.

Opening Files for Input and Output

To open the file myfile.cpp With an ofstream Object, declare an instance of an ofstream
object and pass in the filename as a parameter:

ofstream fout ("myfile.cpp"):;

Opening this file for input works exactly the same way, except it uses an i fstream object:

ifstream fin("myfile.cpp");
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Note that fout and £in are names you assign; here fout has been used to reflect its similarity to
cout, and fin has been used to reflect its similarity to cin.

One important file stream function that you will need right away is c1ose () . Every file stream
object you create opens a file for either reading or writing (or both). It is important to c1ose ()
the file after you finish reading or writing; this ensures that the file won't be corrupted and that
the data you've written is flushed to the disk.

Once the stream objects are associated with files, they can be used like any other stream objects.
Listing 8.1 illustrates this.

Listing 8.1. Opening files for read and write.

1: #include <fstream.h>

2 int main ()

3: {

4: char fileName[80];

5: char buffer[255]; // for user input

6: cout << "File name: ";

7 cin >> fileName;

8:

9: ofstream fout (fileName); // open for writing

10: fout << "This line written directly to the file...\n";
11: cout << "Enter text for the file: ";

12: cin.ignore(l,'\n'); // eat the newline after the file name
13: cin.getline (buffer,255); // get the user's input

14: fout << buffer << "\n"; // and write it to the file
15: fout.close () ; // close the file, ready for reopen
16:

17: ifstream fin (fileName) ; // reopen for reading

18: cout << "Here's the contents of the file:\n";

19: char ch;

20: while (fin.get(ch))

21: cout << ch;

22

23: cout << "\n***End of file contents.***\n";

24

25: fin.close () ; // always pays to be tidy

26: return 0;

27: }

Output: File name: testl

Enter text for the file: This text is written to the file!
Here's the contents of the file:

This line written directly to the file...

This text is written to the file!

***FEnd of file contents.***

Analysis: On line 4, a buffer is set aside for the filename, and on line 5 another buffer is set aside
for user input. The user is prompted to enter a filename on line 6, and this response is written to
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the fileName buffer. On line 9, an ofstream Object is created, fout, which is associated with
the new filename. This opens the file; if the file already exists, its contents are thrown away.

On line 10, a string of text is written directly to the file. On line 11, the user is prompted for
input. The newline character left over from the user's input of the filename is eaten on line 12,
and the user's input is stored into buffer on line 13. That input is written to the file along with a
newline character on line 14, and then the file is closed on line 15.

On line 17, the file is reopened, this time in input mode, and the contents are read, one character
at a time, on lines 20 and 21.

Changing the Default Behavior of ofstream on Open

The default behavior upon opening a file is to create the file if it doesn't yet exist and to truncate
the file (that is, delete all its contents) if it does exist. If you don't want this default behavior, you
can explicitly provide a second argument to the constructor of your ofstream object.

Valid arguments include:

e ios::app--Appends to the end of existing files rather than truncating them.

e ios::at--Places you at the end of the file, but you can write data anywhere in the file.
e ios::trun--The default. Causes existing files to be truncated.

e ios::nocreat--If the file does not exist, the open fails.

e ios::noreplac--If the file does already exist, the open fails.

Note that app is short for append; ate is short for at end, and t runc is short for truncate. Listing
8.2 illustrates using append by reopening the file from Listing 8.1 and appending to it.

Listing 8.2. Appending to the end of a file.

1: #include <fstream.h>

2: int main () // returns 1 on error

3: {

4. char fileName[80];

5: char buffer[255];

6: cout << "Please re-enter the file name: ";
7 cin >> fileName;

8:

9: ifstream fin(fileName) ;

10: if (fin) // already exists?
11: {

12: cout << "Current file contents:\n";

13: char ch;

14: while (fin.get (ch))

15: cout << ch;

16: cout << "\n***End of file contents.***\n";
17: }

18: fin.close();

19:
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20: cout << "\nOpening " << fileName << " in append mode...\n";
21:

22 ofstream fout (fileName, ios::app);

23: if (!fout)

24 {

25: cout << "Unable to open " << fileName << " for appending.\n";
26: return(l);

27 }

28:

29: cout << "\nEnter text for the file: ";

30: cin.ignore (1, '\n"'");

31: cin.getline (buffer,255);

32: fout << buffer << "\n";

33: fout.close();

34:

35: fin.open(fileName); // reassign existing fin object!
36: if (!'fin)

37: {

38: cout << "Unable to open " << fileName << " for reading.\n";
39: return(l);

40 }

41 : cout << "\nHere's the contents of the file:\n";

42 char ch;

43: while (fin.get(ch))

44 cout << ch;

45: cout << "\n***End of file contents.***\n";

46: fin.close () ;

47 : return 0;

48: }

Output: Please re-enter the file name: testl
Current file contents:

This line written directly to the file...
This text is written to the file!

***End of file contents.***

Opening testl in append mode...

Enter text for the file: More text for the file!
Here's the contents of the file:

This line written directly to the file...

This text is written to the file!

More text for the file!

***End of file contents.***

Analysis: The user is again prompted to enter the filename. This time an input file stream object
is created on line 9. That open is tested on line 10, and if the file already exists, its contents are
printed on lines 12 to 16. Note that i f (fin) iS Synonymous with if (fin.good()).

The input file is then closed, and the same file is reopened, this time in append mode, on line 22.
After this open (and every open), the file is tested to ensure that the file was opened properly.
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Note that i f (! fout) is the same as testing i f (fout.fail ()). The user is then prompted to
enter text, and the file is closed again on line 33.

Finally, as in Listing 8.1, the file is reopened in read mode; however, this time £in does not need
to be redeclared. It is just reassigned to the same filename. Again the open is tested, on line 36,
and if all is well, the contents of the file are printed to the screen and the file is closed for the
final time.

DO test each open of a file to ensure that it opened successfully. DO reuse existing i fstream
and ofstream Objects. DO close all £stream Objects when you are done using them. DON'T try
to close or reassign cin Or cout.

Binary Versus Text Files

Some operating systems, such as DOS, distinguish between text files and binary files. Text files
store everything as text (as you might have guessed), so large numbers such as 54,325 are stored
as a string of numerals (°5', "4, °,", '3', "2, '5"). This can be inefficient, but has the advantage that
the text can be read using simple programs such as the DOS program type.

To help the file system distinguish between text and binary files, C++ provides the ios: :binary
flag. On many systems, this flag is ignored because all data is stored in binary format. On some
rather prudish systems, the ios: :binary flag is illegal and won't compile!

Binary files can store not only integers and strings, but entire data structures. You can write all
the data at one time by using the write () method of fstream.

If you use write (), you can recover the data using read () . Each of these functions expects a
pointer to character, however, so you must cast the address of your class to be a pointer to
character.

The second argument to these functions is the number of characters to write, which you can
determine using sizeof (). Note that what is being written is just the data, not the methods.
What is recovered is just data. Listing 8.3 illustrates writing the contents of a class to a file.

Listing 8.3. Writing a class to a file.

#include <fstream.h>

class Animal
{
public:
Animal (int weight, long
ays) :itsWeight (weight) , itsNumberDaysAlive (days) {}
~Animal () {}

O 0 10 o Ul WN K

int GetWeight () const { return itsWeight; }
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10:
11:
12:
13:
14:
15:
16:
17:
18:
19:
20:
21:
22
23:
24 :
25:
26:
27
28:
29:
30:
31:
32:
33:
34:
35:
36:
37:
38:
39:
40:
41:
42
43:
44
45:
46:
47 :
48:
49:
50:
51:
52:
53:
54:
55:
56:

57: 1}

Output:
BearTwo
BearTwo
BearTwo
BearTwo

void SetWeight (int weight) { itsWeight = weight; }

long GetDaysAlive ()const { return 1itsNumberDaysAlive; }
void SetDaysAlive (long days) { itsNumberDaysAlive = days; }

private:

int itsWeight;

long itsNumberDaysAlive;
}i

int main () // returns 1 on error
{

char fileName[80];

char buffer[255];

cout << "Please enter the file name: ";

cin >> fileName;

ofstream fout (fileName,ios::binary);

if (!fout)

{
cout << "Unable to open " << fileName << " for writing.\n";
return(l);

}

Animal Bear (50,100);
fout.write ((char*) &Bear,sizeof Bear);

fout.close();

ifstream fin(fileName,ios::binary);

if (!'fin)

{
cout << "Unable to open " << fileName << " for reading.\n";
return(l) ;

}
Animal BearTwo(1l,1);

cout << "BearTwo weight: " << BearTwo.GetWeight () << endl;
cout << "BearTwo days: " << BearTwo.GetDaysAlive () << endl;

fin.read((char*) &BearTwo, sizeof BearTwo);

cout << "BearTwo weight: " << BearTwo.GetWeight () << endl;
cout << "BearTwo days: " << BearTwo.GetDaysAlive () << endl;
fin.close () ;

return 0;

Please enter the file name: Animals
weight: 1

days: 1

weight: 50

days: 100
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Analysis: On lines 3-18, a stripped-down anima1 class is declared. On lines 22-32, a file is
created and opened for output in binary mode. An animal whose weight is 50 and who is 100
days old is created on line 34, and its data is written to the file on line 35.

The file is closed on line 37 and reopened for reading in binary mode on line 39. A second
animal is created on line 46 whose weight is 1 and who is only one day old. The data from the
file is read into the new animal object on line 51, wiping out the existing data and replacing it
with the data from the file.
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