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Today, the ANSI C++ programming language is widely used throughout the world in
both academia and industry. In many educational institutions it is the language of
choice for a first programming course and for a language to be used for computer sci-
ence instruction. A key reason for this is that C++ has drifted down the curriculum
from more advanced courses to more introductory courses. Further, C++ comes with
many useful libraries, and is supported by sophisticated integrated environments. It is
a language that efficiently supports object-oriented programming (OOP) the dominant
contemporary programming methodology.

C++ by Dissection presents a thorough introduction to the programming process by
carefully developing working programs to illuminate key features of the C++ program-
ming language. Program code is explained in an easy-to-follow, careful manner through-
out. The code has been tested on several platforms and is found on the bundled CD-
rom accompanying this text. The code in C++ By Dissection can be used with most C++
systems, including those found in operating systems such as MacOS, MS-DOS, 0S/2,
UNIX, and Windows.

C++, invented at Bell Labs by Bjarne Stroustrup in the mid-1980s, is a powerful, mod-
ern, successor language to C. C++ adds to C the concept of class, a mechanism for pro-
viding user-defined types, also called abstract data types. C++ supports object-oriented
programming by these means and by providing inheritance and runtime type binding.
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Dissections

This book presents readers with a clear and thorough introduction to the programming
process by carefully developing working C++ programs, using the method of dissection.
Dissection is a unique pedagogical tool first developed by the author in 1984 to illumi-
nate key features of working code. A dissection is similar to a structured walk-through
of the code. Its intention is to explain to the reader newly encountered programming
elements and idioms as found in working code. Programs and functions are explained
in an easy-to-follow step-by-step manner. Key ideas are reinforced throughout by use in
different contexts.

No Background Assumed

This book assumes no programming background and can be used by students and first
time computer users. Experienced programmers not familiar with C++ will also benefit
from the carefully structured presentation of the C++ language. For student use, the
book is intended as a first course in computer science or programming.

It is suitable for a CS1 course or beginning programming course for other disciplines.
Each chapter presents a number of carefully explained programs, which lead the stu-
dent in a holistic manner to ever-improving programming skills. From the start, the stu-
dent is introduced to complete programs, and at an early point in the text is introduced
to writing functions as a major feature of structured programming. The function is to
the program as the paragraph is to the essay. Competence in writing functions is the
hallmark of the skilled programmer and hence is emphasized. Examples and exercises
are plentiful in content and level of difficulty. They allow instructors to pick assign-
ments appropriate to their audiences.
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Special Features

C++ by Dissection: The Essentials of C++ Programming incorporates a number of special
features:

= A CD-Rom with a working compiler.

= A website with and the full electronically searchable text of this book. Also included
are active links to useful web-sites and complete working code for this text

= Software engineering practice is described throughout

= Dr. P’s prescriptions are concise programming tips provided for the beginner for
each chapter

= Early explanation of simple recursion to reflect its earlier introduction in beginning
computer science courses

= Coverage of program correctness and type-safety

= In-depth explanation of functions and pointers because these concepts are typically
stumbling blocks for the beginner

= Object-oriented programming concepts are emphasized
= Generic programming and STL are carefully described

= UML diagrams are introduced as an aid to understanding object-oriented program-
ming

= Comparison to Java, optional Java exercises and coordinating references to java by
Dissection (with Charlie McDowell)

= Active links to online code by clicking on the infile line above each major program
section.

= Active links to online sites via clicking on blue underlined text.

Chapter Features

Each chapter contains the following pedagogical elements:

Dissections. Major elements of the important example programs are explained by the
method of dissection. This step-by-step discussion of new programming ideas helps the
reader encountering these ideas for the first time to understand them.

Object-oriented programming. The reader is led gradually to the object-oriented style.
Chapter 4, Classes and Abstract Data Types, introduces classes, which are the basic
mechanism for producing modular programs and implementing abstract data types.
Class variables are the objects being manipulated. Chapter 8, Inheritance and OOP,
develops inheritance and virtual functions, two key elements in this paradigm. Chapter
11, OOP Using C++, discusses OOP programming philosophy. This book develops in the
programmer an appreciation of this point of view.
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Programming Style and Software Engineering. Programming style and software method-
ology is stressed throughout. Important concepts such as structured branching state-
ments, nested flow of control, top-down design, and object-oriented programming are
presented early in the book. A consistent and proper coding style is adopted from the
beginning with careful explanation as to its importance and rationale. The coding style
used in the book is one commonly used by working programming professionals in the
C++ community.

Working Code. Right from the start the student is introduced to full working programs.
With the executable code, the student can better understand and appreciate the pro-
gramming ideas under discussion. Many programs and functions are explained through
dissections. Variations on programming ideas are often presented in the exercises.

Common Programming Errors. Many typical programming bugs, along with techniques
for avoiding them, are described. Much of the frustration of learning a programming
language is caused by encountering obscure errors. Many books discuss correct code
but leave the reader to a trial-and-error process for finding out about bugs. This book
explains how typical errors in C++ are made and what must be done to correct them.

Dr. P’s Prescriptions. A series of programming tips is based on wide experience. A con-
cise rationale is given for each tip.

Comparison to Java. An optional section describes the programming elements of Java
that are comparable to the C++ examples. Exercises supporting these sections are
included as well. For the most part, C++ and Java have equivalent elements. The text
aids the student already conversant in Java to migrate to C++. Also the C++ student who
later takes up Java will benefit from this section. Furthermore, as the book is a compan-
ion volume to Java by Dissection (with Charlie McDowell) the reader has access to com-
plete explanations of the Java concepts fully utilizing this book’s pedagogy.

Summary. A succinct list of points covered in the chapter serves as a review for the
reader, reinforcing the new ideas that were presented in the chapter.

Exercises. The exercises test the student’s knowledge of the language. Many exercises
are intended to be done interactively while reading the text. This encourages self-paced
instruction by the reader. In addition to exercising features of the language, some exer-
cises look at a topic in more detail, and others extend the reader’s knowledge to an
advanced area of use.

Classroom Usage

This book can be used as a text in a one-semester course that teaches students how to
program. Chapters 1 through 5 cover the C++ programming language through the use
of arrays, pointers, and basic object programming. A second-semester course can be
devoted to more advanced data types, OOP, generic programming and STL, file process-
ing, and software engineering as covered in Chapters 6 through 11. In a course designed
for students who already have some knowledge of programming, not necessarily in
C++, the instructor can cover all the topics in the text. This book can also be used as a
text in other computer science courses that require the student to use C++. In a compar-
ative language course, it can be used with companion volumes for C, Java, and C# that
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follow the same dissection approach and share many of the same examples done
uniquely in each language.

Interactive Environment

This book is written explicitly for an interactive environment. Experimentation via key-
board and screen is encouraged throughout. For PCs, there are many vendors that sup-
ply interactive C++ systems, including Borland, IBM, Metroworks, Microsoft, and
Symantec.

Professional Use

While intended for the beginning programmer, C++ by Dissection: The Essentials of C++
Programming is a friendly introduction to the entire language for the experienced pro-
grammer as well. In conjunction with A Book on C, Fourth Edition by Al Kelley and Ira
Pohl (Addison Wesley Longman, Inc., Reading, MA, 1998, ISBN 0-201183994), the com-
puter professional will gain a comprehensive understanding of both languages. As a
package, the two books offer an integrated treatment of the C/C++ programming lan-
guage and its use that is unavailable elsewhere. Furthermore, in conjunction with Java
by Dissection by Ira Pohl and Charlie McDowell (Addison Wesley Longman, Inc., Reading,
MA, 1999, ISBN 0-201-61248-8), the student or professional is also given an integrated
treatment of the object-oriented language Java.

This book is the basis of many on-site professional training courses given by the author,
who has used its contents to train professionals and students in various forums since
1986. The text is the basis for Web-based training in C++ available from www.digi-
talthink.com.

Supplements

Support materials are available to instructors adopting this textbook for classroom use
and include the following:

= Solutions to exercises
= Code for example programs
= Powerpoint slides of all the figures

Please check on-line information for this book at www.aw.com/cssupport for more
information on obtaining these supplements.
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This chapter introduces the reader to the ANSI C++ programming world. Some gen-
eral ideas on programming are discussed, and a number of elementary programs are
thoroughly explained. The basic ideas presented here become the foundation for more
complete explanations that occur in later chapters. An emphasis is placed on the basic
input/output functions of C++. Getting information into and out of a machine is the
first task to be mastered in any programming language.

C++ uses the operators << and >> for output and input, respectively. The use of both of
these operators is explained. Other topics discussed in this chapter include the use of
variables to store values and the use of expressions and assignments to change the
value of a variable.

Throughout this chapter and throughout the text, many examples are given. Included
are many complete programs, which often are dissected. This allows the reader to see
in detail how each construct works. Topics that are introduced in this chapter are seen
again in later chapters, with more detailed explanation where appropriate. This spiral
approach to learning emphasizes ideas and techniques essential for the C++ program-
mer.

C++ is largely a superset of C. By learning C++, you are also learning the kernel language
C. A companion book, C by Dissection: Fourth Edition, by Al Kelley and Ira Pohl
(Addison-Wesley, 2000), teaches the rest of C that is not found here.

Most chapters also have a comparison between C++ and Java programs. Java is partly
based on C++. However, unlike C++, some C concepts do not work in Java or have a dif-
ferent meaning. Increasingly, people who begin to program in C++ have started from a
Java background. An introduction to the Java programming process can be found in the
companion volume Java by Dissection, by Ira Pohl and Charlie McDowell (Addison-
Wesley, 1999). The modern programmer needs to be comfortable in all three C-based
languages.
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1.1 Getting Ready to Program

Programs are written to instruct machines to carry out specific tasks or to solve specific
problems. A step-by-step procedure that accomplishes a desired task is called an algo-
rithm. Thus, programming is the activity of communicating algorithms to computers.
We have all given instructions to someone in English and then had that person carry out
the instructions. The programming process is analogous, except that machines have no
tolerance for ambiguity and must have all steps specified in a precise language and in
tedious detail.

The Programming Process

1. Specify the task.

2. Discover an algorithm for its solution.
3. Code the algorithm in C++.

4. Test the code.

A computer is a digital electronic machine composed of three main components: pro-
cessor, memory, and input/output devices. The processor is also called the central pro-
cessing unit, or CPU. The processor carries out instructions that are stored in the
memory. Along with the instructions, data also is stored in memory. The processor typ-
ically is instructed to manipulate the data in some desired fashion. Input/output
devices take information from agents external to the machine and provide information
to those agents. Input devices are typically terminal keyboards, disk drives, and tape
drives. Output devices are typically terminal screens, printers, disk drives, and tape
drives. The physical makeup of a machine can be quite complicated, but the user need
not be concerned with the details.

The operating system consists of a collection of special programs and has two main pur-
poses. First, the operating system oversees and coordinates the resources of the
machine as a whole. For example, when a file is created on a disk, the operating system
takes care of the details of locating it in an appropriate place and keeping track of its
name, size, and date of creation. Second, the operating system provides tools to users,
many of which are useful to the C++ programmer. Two of these tools are of paramount
importance: the text editor and the C++ compiler.

We assume the reader can use a text editor to create and modify files containing C++
code. C++ code is also called source code, and a file containing source code is called a
‘source file. After a file containing source code (a program) has been created, the C++
compiler is invoked. This process is system-dependent. (Section 1.6, Writing and Run-
ning a C++ Program, on page 14.) For example, on many UNIX systems, we can invoke
the C++ compiler with the command

CC pgm.cpp

where pgm.cpp is the name of a file that contains a program. If there are no errors in
pgm.cpp, this command produces an executable file-one that can be run, or executed.
Although we think of this as compiling the program, what actually happens is more
complicated.
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When we compile a simple program, three separate actions occur: First the preproces-
sor is invoked, then the compiler, and finally the linker. The preprocessor modifies a
copy of the source code by including other files and by making other changes. The com-
piler translates this into object code, which the linker then uses to produce the final exe-
cutable file. A file that contains object code is called an object file. Object files, unlike
source files, usually are not read by humans. When we speak of compiling a program,
we really mean invoking the preprocessor, the compiler, and the linker. For a simple
program, this is all done with a single command.

After the programmer writes a program, it has to be compiled and tested. If modifica-
tions are needed, the source code has to be edited again. Thus, part of the programming
process consists of this cycle:

edit —| compile |—| execute

T

When the programmer is satisfied with the program performance, the cycle ends.

1.1 A First Program

A first task for anyone learning to program is to print on the screen. Let us begin by
writing the traditional first C++ program which prints the phrase Hello, world! on the
screen. The complete program is

In file hellol.cpp

// Hello world in C++
// by Olivia Programmer

#include <iostream> // I/0 Tibrary
using namespace std;

int main(Q)

{
}

Using the text editor, the programmer types this code into a file ending in .cpp. The
choice of a file name should be mnemonic. Let us suppose hello.cpp is the name of the
file in which the program has been written. When this program is compiled and exe-
cuted, it prints the following message:

Hello, world!

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


http://www.cse.ucsc.edu/~pohl/C++BD/01Chap/hello1.cpp
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Hey, Heidi, Alpha Centauri says ‘Hello' and it's in C++!

Dissection of the hello Program

s // Hello world in C++
// by Olivia Programmer

The // symbol is used as a rest-of-line comment symbol. Also, the
program text can be placed in any position on the page, with white
space between tokens being ignored. White space are characters such
as blanks, tabs, and new lines. White space, comments, and indenta-
tion of text are all used to create a well-documented, readable pro-
gram but do not affect program semantics.

s #include <iostream> // I/0 Tibrary

The C++ program is compiled after the preprocessor executes #-des-
ignated directives. The preprocessor precedes the compiler transla-
tion of the resulting program into machine code. The #include
directive found in the example program hello.cpp imports any needed
files, usually library definitions. In this case, the I/0 library for a typi-
cal C++ compiler system is found in the file iostream. The compiler
knows where to find this and other system files.

= uUsing namespace std;

On C++ systems, standard C++ I/0O header files are wrapped in
namespace std. The using declaration allows names to be used
without std: : prepended to each name. The include files could have
been coded without namespace and using, as follows:

#include <iostream.h> // I/0 Tibrary

Most systems provide older style library_name.h header files. These
libraries do not require the using namespace std; statement.
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m int main()

{

A C++ program is a collection of declarations and functions that
begins executing with the function main().

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

The identifier cout is defined in iostream as the standard output stream con-
nected by most C++ systems to the screen. The identifier end] is a standard
manipulator that flushes the output buffer, printing everything to that point
and going to a new line. The operator << is the put-to output operator, which
writes out what comes after it to Cout.

Note that without the using std statement, we could have written

std::cout << "Hello, world!" << std::endl;

The :: operator is called the scope resolution operator. It tells the
compiler what scope to examine to understand identifier cout. The
scope of an identifier is the program text where the name may be
used.

=}

This ends the function main(). In C++, braces are paired, an open
brace { can be understood as a begin construct and a closing brace }
means end construct. A function in C++ has a return type that can be
void, indicating that no value is to be returned. The special function
main() returns an integer value to the runtime system. Implicitly the
function main() returns 0, meaning that termination was normal.
This could have been written explicitly,

return 0;

just before the closing brace.

The expression cout << some string is used to print across the screen. It moves to a
new line when a newline character is read or it sees the end1. The screen is a two-
dimensional display that prints from left to right and top to bottom. To be readable,
output must appear properly spaced on the screen.

Let us rewrite our program to make use of two cout statements. Although the program
is different from our first one, its output is the same.
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In file hello2.cpp

// Hello world in C++
// by Olivia Programmer
// Version 2

#include <iostream> // I/0 Tibrary
using namespace std;

int main(Q)

{

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

}

Notice that the string in the first statement ends with a blank character. If the blank

were not there, the words Hello, world! would have no space between them in the
output.

As a final variation to this program, let us add the phrase Hello, universe! and print the
statements on two lines:

In file hello3.cpp

// Hello universe in C++
// by Olivia Programmer

#include <iostream> // I/0 Tibrary
using namespace std;
int main(Q)
{
cout << "Hello, world!" << endl;
cout << "Hello, universe!" << endl;

}

When we execute this program, the following appears on the screen:

Hello, world!

Hello, universe!

Notice that the two cout statements in the body of main() could be replaced by the sin-
gle statement
cout << "Hello, world!\nHello, universe!" << endl;

In this version, the special character \n is the newline character. This has the same
effect as an end1.


http://www.cse.ucsc.edu/~pohl/C++BD/01Chap/hello2.cpp
http://www.cse.ucsc.edu/~pohl/C++BD/01Chap/hello3.cpp
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1.2 Problem Solving: Recipes

Computer programs are detailed lists of instructions for performing a specific task or
solving a particular type of problem. Instruction lists, called algorithms, are commonly
found in everyday situations. Examples include instructions for cooking a meal, knitting
a sweater, and registering for classes. Examining one of these examples is instructive.
Consider this recipe for preparing a meat roast.

Sprinkle the roast with salt and pepper. Insert a meat
thermometer and place in oven preheated to 150°C.
Cook until the thermometer registers between 80°C
and 85°C. Serve roast with gravy prepared from either
meat stock or from pan drippings, if there is a suffi-
cient amount.

The recipe is typically imprecise—what does sprinkle mean, where exactly is the ther-
mometer to be inserted, and what is a sufficient amount of pan drippings? However, the
recipe can be formulated more precisely as a list of instructions by reading between the
lines.

Cooking a Roast

Sprinkle roast with 1/8 teaspoon salt and pepper.
Turn oven on to 150°C.

Insert meat thermometer into center of roast.

Wait a few minutes.

If oven does not yet register 150°C, go back to step 4.
Place roast in oven.

Wait a few minutes.

Check meat thermometer. If temperature is less than 80°C, go back to step 7.

© ® N ke W=

Remove roast from oven.

10. If there is at least 1/2 cup of pan drippings, go to step 12.
11. Prepare gravy from meat stock and go to step 13.

12. Prepare gravy from pan drippings.

13. Serve roast with gravy.

These steps comprise three categories of instructions and activities—those that involve
manipulating or changing the ingredients or equipment, those that just examine or test
the state of the system, and those that transfer to the next step. Steps 1 and 6 are exam-
ples of the first category; the temperature test in step 8 and the pan drippings test in
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step 10 are instances of the second category; and transfers in steps 5 and 8 (go to step
X) are examples of the last category.

By using suitable graphical symbols for each of these categories, a simple two-dimen-
sional representation of our cooking algorithm can be obtained, as shown in the follow-
ing illustration:

Sprinkle roast |y Place roast
° in oven
v v
Set oven to 150° Wait a few
minutes
v
Insert
thermometer
v Prepare gravy
Wait a few from stock
minutes ]
Y Prepare gravy <«
from drippings
Remove roast "
\— Serve roast

Such a figure is called a flowchart. To perform the program (prepare the roast), just fol-
low the arrows and the instructions in each box. The manipulation activities are con-
tained in rectangles, the tests are shown in diamonds, and the transfer or flow of
control is determined by the arrows. Because of their visual appeal and clarity, flow-
charts are often used instead of lists of instructions for informally describing pro-
grams. Some cookbook authors even employ flowcharts extensively.

121  Algorithms—Being Precise

Our recipe for preparing a roast can’t be executed by a computer because the individual
instructions are too loosely specified. Let’s consider another example—one that manip-
ulates numbers instead of food. You need to pay for some purchase with a dollar bill
and get change in dimes and pennies. The problem is to determine the correct change
with the fewest pennies. Most people do this simple, everyday transaction unthinkingly.
But how do we precisely describe this algorithm?

In solving such a problem, trying a specific case can be useful. Let’s say that you need to
pay 77 cents and need change for a dollar. You can easily see that one dollar minus the
77 cents leaves you with 23 cents in change. The correct change having the fewest coins
in dimes and pennies would be two dimes and three pennies. The number of dimes is
the integer result of dividing 23 by 10 and discarding any fraction or remainder. The
number of pennies is the remainder of dividing the 23 cents by 10. An algorithm for
performing this change for a dollar is given by the following steps.
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Change-Making Algorithm

1. Assume that the price is written in a box labeled price.
2. Subtract the value of price from 100 and place it in a box labeled change.

3. Divide the value in change by 10, discard the remainder, and place the result
in a box labeled dimes.

4. Take the integer remainder of change divided by 10 and place it in a box
labeled pennies.

5. Print out the values in the boxes dimes and pennies with appropriate labels.
6. Halt.

This algorithm has four boxes, namely, price, change, dimes, and pennies. Let’s exe-
cute this algorithm with the values given. Suppose that the price is 77 cents. Always
start with the first instruction. The contents of the four boxes at various stages of exe-
cution are shown in Table 1.1.

Table 1.1 Making Change

Box Step 1 Step 2

price 77 77 77 77 77
change 23 23 23 23
dimes 2 2 2
pennies 3 3

To execute step 1, place the first number, 77, in the box price. At the end of instruc-
tion 2, the result of subtracting 77 from 100 is 23, which is placed in the box change.
Each step of the algorithm performs a small part of the computation. By step 5, the cor-
rect values are in their respective boxes and are printed out. Study the example until
you're convinced that this algorithm works correctly for any price under one dollar. A
good way to do so is to act the part of a computer following the recipe. Following a set
of instructions in this way, formulated as a computer program, is called hand simula-
tion or bench testing. It is a good way to find errors in an algorithm or program. In com-
puter parlance, these errors are called bugs, and finding and removing them is called
debugging.

We executed the change-making algorithm by acting as an agent, mechanically following
a list of instructions. The execution of a set of instructions by an agent is called a com-
putation. Usually, the agent is a computer; in that case, the set of instructions is a com-
puter program. In the remainder of this book, unless explicitly stated otherwise, we use
program to mean computer program.

The algorithm for making change has several important features that are characteristic
of all algorithms.
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Algorithms
= The sequence of instructions will terminate.

= The instructions are precise. Each instruction is unambiguous and subject to
only one interpretation.

= The instructions are simple to perform. Each instruction is within the capabil-
ities of the executing agent and can be carried out exactly in a finite amount
of time; such instructions are called effective.

= There are inputs and outputs. An algorithm has one or more outputs
(answers) that depend on the particular input data.

Our description of the change-making algorithm, although relatively precise, is not writ-
ten in any formal programming language. Such informal notations for algorithms are
called pseudocode, whereas real code is something suitable for a computer. Where
appropriate, we use pseudocode to explain an algorithm or computation to you without
all the necessary detail needed by a computer.

The term algorithm has a long, involved history, originally stemming from the name of
a well-known Arabic mathematician of the ninth century, Abu Jafar Muhammed Musa
al-Khwarizim. It later became associated with arithmetic processes and then, more par-
ticularly, with Euclid’s algorithm for computing the greatest common divisor of two
integers. Since the development of computers, the word has taken on a more precise
meaning that defines a real or abstract computer as the ultimate executing agent—any
terminating computation by a computer is an algorithm, and any algorithm can be pro-
grammed for a computer.

1.3 Implementing Our Algorithm in C++

In this section, we implement our change-making algorithm in the C++ programming
language. You need not worry about following the C++ details at this point; we cover all
of them fully in the next two chapters. For now, simply note the similarity between the
following C++ program and the informal algorithm presented earlier. You not only have
to be able to formulate a recipe and make it algorithmic, but you also have to express it
in code.
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In file change.cpp

// Change 1in dimes and pennies

#include <iostream>
using namespace std;

int main O

{

int price, change, dimes, pennies;

cout << "Enter price (0:100): ";
cin >> price;

change = 100 - price; // how much change
dimes = change / 10; // number of dimes
pennies = change % 10; // number of pennies

cout << "\n\nThe change is :"

<< dimes << " dimes ;
cout << pennies << " pennies." << endl;

Dissection of the MakeChange Program
= int price, change, dimes, pennies;

This program declares four integer variables. These hold the values to
be manipulated.

s cout << "Enter price (0:100): ";

This line is used to prompt you to type the price. Whenever a pro-
gram is expecting a user to do something, it should print out a
prompt telling the user what to do. The part in quotes appears on the
user’s screen when the program is run.

= Cin >> price;

This statement obtains the input typed in from the keyboard. The
value read is stored in the variable price. The symbol >> is called the
insertion operator. At this point, you must type in an integer price.
For example, you would type 77 and then hit Enter.

= change = 100 - price; // how much change

This computes the amount of change from one dollar.

11
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= dimes = change / 10; // number of dimes
pennies = change % 10; // number of pennies

The number of dimes is the integer or whole part of the result of
dividing change by 10. The symbol /, when used with two integers,
computes the integer part of the division. The number of pennies is
the integer remainder of change divided by 10. The symbol % is the
integer remainder, or modulo operator. So if change is 23, the integer
divide of 23 /10 is 2 and the integer remainder, or modulo, of 23 % 10
is 3.

= cout << "\n\nThe change is
<< dimes << " dimes ";
cout << pennies << " pennies." << endl;

The quoted string prints out the characters between the quotation
marks. This includes two newlines advancing the cursor down the
screen. Then the value in dimes is printed followed by the string
" dimes ". Finally, the value of pennies is printed. For an input
value of 77, the output would be

The change is : 2 dimes 3 pennies

The end] in the last print statement indicates that a newline should
be sent to the console, ending the line of output.

1.4 Software Engineering: Style

A good coding style is essential to the art of programming. It facilitates the reading,
writing, and maintenance of programs. A good style uses white space and comments so
that the code is easier to read and understand, and is visually attractive. Another impor-
tant stylistic point is to choose names for variables that convey their use in the program
to further aid understanding. A good style avoids error-prone coding habits.

Software needs to be maintained. Frequently, maintenance costs are higher than the
cost of initially writing the code. Good programming style is part of good documenta-
tion, and programs need to be readable. This includes commenting the code, choice of
identifiers, and associated documentation, such as a manual page or online help.

In this text, we are following the Bell Laboratories industrial programming style. We
place all #includes, int main()s, and braces { and } that begin and end the body of
main() in the leftmost position on the line:

#include <iostream>

int mainQ
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The declarations and statements in the body of main() are indented three spaces. This
visually highlights the beginning and ending of the function body. There is one blank
line following the #includes, and one between the declarations and statements in the
body of main().

An indentation of two, three, four, five, or eight spaces is common. We use three spaces.
Whatever is chosen as an indentation should be used consistently. To heighten readabil-
ity, we put a blank space on each side of the binary operators. Some programmers do
not bother with this, but it is part of the Bell Labs style.

There is no single agreed-upon good style. As we proceed through this text, we often
point out alternate styles. Once you choose a style, use it consistently. Good habits rein-
force good programming. Caution: Beginning programmers sometimes think they
should dream up their own distinctive coding style. This should be avoided. The pre-
ferred strategy is to choose a style that is already in common use.

1.5 Common Programming Errors

When you first start programming, you make many frustrating, simple errors. One such
error is to leave off a closing double quote character to mark the end of a string. When
the compiler sees the first ", it starts collecting all the characters that follow as a string.
If the closing " is not present, the string continues to the next line, causing the compiler
to complain. Error messages vary from one compiler to another. Here is one possibility:

Unterminated string or character constant

Another common error is to misspell a variable name or forget to declare it. Compilers
readily catch this kind of error and properly inform you of what is wrong. However, if
you misspell the name of a function, such as sqr () instead of sqrt(), the compiler
informs you that the function cannot be found. If you do not notice that the error mes-
sage refers to sqr instead of sqrt, you may be quite mystified.

Even elementary errors, such as forgetting to place a semicolon at the end of a state-
ment or leaving off a closing brace, can result in rather mystifying error messages from
compilers. As you become more experienced, some of the error messages produced by
your compiler will begin to make sense. Exercise 4 on page 23 suggests some program-
ming errors you may want to introduce on purpose to experiment with the error mes-
sage capability of your compiler.
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1.6 Writing and Running a C++ Program

The precise steps you have to follow to create a file containing C++ code and to compile
and execute it depend on three things: the operating system, the text editor, and the
compiler. However, in all cases, the general procedure is the same. We first describe in
some detail how it is done in a UNIX environment. Then we discuss how it is done in a
Windows environment.

In the discussion that follows, we use the CC command to invoke the C++ compiler. In
reality, however, the command depends on the compiler that is being used. For exam-
ple, if we were using the command line version of the Borland C++ compiler, we would
use the command bcc or bce32.

Steps for Writing and Running a C++ Program

1. Using an editor, create a text file—say pgm.cpp—that contains a C++ pro-
gram. The name of the file ends with .cpp, indicating that the file contains
C++ source code. To use an editor, the programmer must know the appropri-
ate commands for inserting and modifying text. For example, to use the vi
editor on a UNIX system, we would give the command

vi pgm.cpp
2. Compile the program. This can be done with the command

CC pgm.cpp

The CC command invokes the preprocessor, the compiler, and the linker in turn. The pre-
processor modifies a copy of the source code according to the preprocessing directives
and produces what is called a translation unit. The compiler translates the translation
unit into object code. If there are errors, the programmer must start again at step 1, edit-
ing the source file. Errors that occur at this stage are called syntax errors or compile-time
errors. If there are no errors, the linker uses the object code produced by the compiler,
along with object code obtained from various libraries provided by the system, to create
the executable file a.out. The program is now ready to be executed.

3. Execute the program. This is done with the command
a.out

Typically, the program completes execution, and a system prompt reappears on the
screen. Any errors that occur during execution are called runtime errors. If, for some rea-
son, the program needs to be changed, the programmer must start again at step 1.

If we compile a different program, the file a.out is overwritten and its contents lost. If
the executable file a.out is to be saved, the file must be moved or renamed. Suppose we
give the command

CC hello.cpp

This causes executable code to be written automatically into a.out. To save this file, we
can give the command

mv a.out hello
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This moves a.out to hello. Now the program can be executed with the command
hello

In UNIX, it is common practice to give the executable file the same name as the corre-
sponding source file, except to drop the .cpp suffix. If we wish, we can use the -0 option
to direct the output of the CC command. For example, the command

CC -0 hello hello.cpp

causes the executable output from CC to be written directly into hello, leaving intact
whatever is in a.out.

Different kinds of errors can occur in a program. Syntax errors are caught by the com-
piler, whereas runtime errors manifest themselves only during program execution. For
example, if an attempt to divide by zero is encoded into a program, a runtime error may
occur when the program is executed.

Let us now consider the Windows environment. Here, some other text editor would
most likely be used. Some C++ systems, such as Borland C++, have both a command line
environment and an integrated environment. The integrated environment includes both
the text editor and the compiler. In Windows, the executable output produced by a C++
compiler is usually written to a file that has the same name as the source file, but with
the extension .exe instead of .cpp. Suppose, for example, we are using the command line
environment in Borland C++. If we give the command

bcc hello.cpp

then the executable code is written to hello.exe. To execute the program, we give the
command

hello.exe
or, equivalently,
hello

To invoke the program, we do not need to type the .exe extension. If we wish to rename
this file, we can use the rename command.

No, mother, I didn't say “our secret pizza sauce
code would make us rich,” I said "our secret piece
of source code would make us rich.”
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1.6.1  Interrupting a Program

The user may want to interrupt, or Kill, a program that is running. For example, the pro-
gram may be in an infinite loop. (In an interactive environment, it is not necessarily
wrong to use an infinite loop in a program.) Throughout this text, we assume that the
user knows how to interrupt a program. In Windows and in UNIX, a control-c is com-
monly used to effect an interrupt. On some systems a special key, such as delete or
rubout, is used. Make sure you know how to interrupt a program on your system.

1.6.2  Typing an End-of-File Signal

When a program is taking its input from the keyboard, it may be necessary to type an
end-of-file signal for the program to work properly. In UNIX, this is done by typing a
control-d. In Windows, a control-z is typed instead.

1.7 Dr. P's Prescriptions

= Dr. P’s first rule of style is Have a style.
= Be consistent in whatever style you choose.
= Check that your compiler supports full, modern C++

In this book, we follow the traditional C and C++ style pioneered by Bell Laboratories
programmers, such as Brian Kernighan, Dennis Ritchie, and Bjarne Stroustrup. Several
elements of this style can be seen in our programs. Beginning and ending braces for
function definitions line up under each other and under the first character of the func-
tion definition. Beginning braces after keywords, such as do and whi 1e, follow the key-
word with the ending brace under the first character of that line. This style is in
widespread use and makes it easy for others to read your code. The style allows us to
distinguish key elements of the program visually, enhancing readability. Style should
aim for clarity for both ourselves and others who need to read our code. Cleverness by
its nature is usually obscure, and is the enemy of clarity. Hence, Kernighan and
Plauger’s maxim Write clearly—don’t be too clever. Also, inconsistent style tends to
obscure.

C++ compilers for ANSI C++, as described here, may still be incomplete. Make sure you
know what the vendors support, especially when it comes to recent changes in the use
of namespaces, exception handling, templates, and libraries.
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1.8 C++ Compared with Java

Increasingly, beginning programmers start by studying Java. The roots of C++ and Java
both are found in C. Most serious programmers will end up learning all three languages.
This book is coordinated in its treatment with the book Java by Dissection, by Pohl and
McDowell, (Addison-Wesley, 1999) and with the book C by Dissection, Fourth Edition, by
Kelley and Pohl (Addison Wesley, 2000). These comparison sections are an enrichment
for those readers who already know or wish to know Java. If they are a distraction to
others, they can be skipped.

In this section, we implement our change-making algorithm from Section 1.2.1, Algo-
rithms—Being Precise, on page 9, in the Java programming language. This is taken from
Java by Dissection, pages 5-7.

In file MakeChange.java

// Change 1in dimes and pennies
import tio.*; // use the package tio

class MakeChange {
public static void main (String[] args) {
int price, change, dimes, pennies;

System.out.printin("type price (0:100):");
price = Console.in.readInt();

change = 100 - price; //how much change
dimes = change / 10; //number of dimes
pennies = change % 10; //number of pennies

System.out.print("The change is :");
System.out.print(dimes);
System.out.print(" dimes ");
System.out.print(pennies);
System.out.print(" pennies.\n");


http://www.cse.ucsc.edu/~pohl/C++BD/01Chap/MakeChange.java
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Dissection of the MakeChange Program
= import tio.*; // use the package tio

A package is a library or collection of previously written program
parts that you can use. This line tells the Java compiler that the pro-
gram MakeChange uses information from the package tio. We devel-
oped this package especially for Java by Dissection to simplify
keyboard input for you. It allows you to write Console.in.read-
Int(), which we explain shortly. The source code is presented in
Appendix D, The tio Library, and is available for download on the Web
at ftp://ftp.awl.com/cseng/authors/pohl-mcdowell/. You can also
view it at http://www.cse.ucsc.edu/~charlie/java/tio/.

= int price, change, dimes, pennies;

This program declares four integer variables. These hold the values to
be manipulated.

= System.out.printin("type price(0 to 100):");

This line is used to prompt you to type the price. Whenever a pro-
gram is expecting a user to do something, it should print out a
prompt telling the user what to do. The part in quotes appears on the
user’s screen when the program is run.

= price = Console.in.readInt();

The Console.in.readInt() is used to obtain the input from the
keyboard. The value read is stored in the variable price. The symbol
= is called the assignment operator. Read the first line as the variable
price is assigned the value obtained from the input command Con-
sole.in.readInt(). At this point, you must type in an integer price.
For example, you would type 77 and then hit Enter.

= change = 100 - price; // how much change

This line computes the amount of change.

= dimes = change / 10; // number of dimes
pennies = change % 10; // number of pennies

The number of dimes is the integer or whole part of the result of
dividing change by 10. The symbol /, when used with two integers,
computes the whole (nonfraction) part of the division. The number of
pennies is the integer remainder of change divided by 10. The
symbol % is the integer remainder, or modulo, operator in Java. So if
change is 23, the integer divide of 23 /10 is 2 and the integer remain-
der, or modulo, of 23 % 10 is 3.


ftp://ftp.awl.com/cseng/authors/pohl-mcdowell/
http://www.cse.ucsc.edu/~charlie/java/tio/
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s System.out.print("The change is : ");
System.out.print(dimes);
System.out.print(" dimes ");
System.out.print(pennies);
System.out.print(" pennies.\n");

In this example, the System.out.print() statements cause the val-
ues between the parentheses to be printed on the computer console.
The first one just prints out the characters between the quotation
marks. The second one converts the value in dimes to the sequence of
digits and prints those digits. The other print statements are similar.
For an input value of 77, the output would be

The change is : 2 dimes 3 pennies

The \n in the last print statement indicates that a newline should be
sent to the console, ending the line of output.

Throughout this book we use the tio package in order to simplify the input and output
required for Java. The source code is presented in Appendix D, The tio Library, and is
available for download on the Web at ftp://ftp.awl.com/cseng/authors/pohl-mcdowell/.
You can also view it at http://www.cse.ucsc.edu/~charlie/java/tio/.



ftp://ftp.awl.com/cseng/authors/pohl-mcdowell/
http://www.cse.ucsc.edu/~charlie/java/tio/
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Summary

= An algorithm is a computational procedure consisting of elementary steps. Program-
ming is the art of communicating algorithms to computers.

= When we compile a simple program, three separate actions occur: First the prepro-
cessor is invoked, then the compiler, and finally the linker.

= A simple program consists of optional preprocessing directives and the function
main(). The body of the function is made up of declarations and statements written
between the braces { and }. All variables must be declared. The declarations must
occur before the statements that use the variables.

= The statement

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

prints output to the terminal. The end1 places the cursor on a new line. It also
flushes the output buffer, printing everything to that point.

= Following a set of instructions by writing out the results is called hand simulation or
bench testing. It is a good way to find errors in an algorithm or program. Errors are
called bugs, and finding and removing them is called debugging.

= An algorithm is a sequence of instructions that will terminate. The instructions are
precise. Each instruction is unambiguous. The instructions are simple. Each instruc-
tion is within the capabilities of the executing agent and can be carried out exactly in
a finite amount of time. There are inputs and outputs. An algorithm has one or more
outputs that depend on the particular input data.

= Informal notations for algorithms are called pseudocode, whereas real code is some-
thing suitable for a computer. Before coding in C++, it is useful to write pseudocode
and simulate its execution.
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Review Questions

9.

C++ uses the operators << and >> for and , respectively.

. A step-by-step procedure that accomplishes a desired task is called an .

. The operating system has two main purposes. First, the operating system oversees

and coordinates of the machine as a whole. Second, the operating system pro-
vides .

. The compiler takes code and produces code.
. In the code std: :cout, cout is , . is the operator, and std is .

A is a graphical means for displaying an algorithm.

int price, change, dimes, pennies;
This declares four . These hold the ____ to be manipulated.

The text uses ___ style. There is following the #includes, and between the decla-
rations and statements in the body of main(). An of two, three, four, five, or
eight spaces is common.

In Windows and in UNIX, a is commonly used to effect an interrupt.

10. A common error is variable name or forget to it.
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Exercises

1. Write on the screen the words
she sells sea shells by the seashore
(a) all on one line, (b) on seven lines, and (c) inside a box.
2. Here is part of a program that begins by having the user input three integers:

#include <iostream>
using namespace std;

int main()
{

int a, b, c, sum;

cout << "Enter three integers: ;

Complete the program so that when the user executes it and types in 2, 3, and 7, this
is what appears on the screen:

Enter three integers: 2 3 7

Twice the sum of your integers plus 7 is 31 - bye!

3. The following program is Laura Pohl’s first program:
// Print L AURA

#include <iostream.h>
int main()

{

cout << "L A U U RRRRR A" << endl;
cout << "L A A U UR R AA" << endl;
cout << "L A A U UR R A A" << endl;
cout << "LLL A A UUUUU R R A A "<<endl;

cout << endl;
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// Print P O HL

cout << "PPPP 00000 H HL" << endl;
cout << "P PO OH HL" << endl;
cout << "P P O O HHHHH L " << endl;
cout << "P 0 OH HL" << endl;
cout << "P 00000 H H LLLLL" << endl;

cout << endl << endl;
cout << " By Laura Michelle Pohl " << endl << endl;

}

Rewrite this program so that it prints your name instead.

4. The purpose of this exercise is to help you become familiar with some of the error
messages produced by your compiler. You can expect some error messages to be
helpful and others to be less so. Correct each syntax error.

// Full of syntax mistakes.

#include <iostreem>
using namespace st;

int main(Q

{
int a=1, b=2, c =3,
cout << a+ b * << " =a+ b";
cout <<"\nc = " << c;

}

5. Here is part of an interactive program that computes the sum of the value of some
coins. The user is asked to input the number of half dollars, quarters, dimes, etc.

#include <iostream>
using namespace std;

int main(Q)
{
int h, // number of half dollars
q, // number of quarters
d, // number of dimes
n, // number of nickels
p; // number of pennies
cout << "Your change will be computed.'<< endl;
cout << "Enter how many half dollars.";
cin >> h;
cout << "\nEnter how many quarters.";
cin >> Q;
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Complete the program, causing it to print out relevant information. For example,
you may want to create output that looks like this:

You entered: 0 half dollars
3 quarters
2 dimes
17 nickels

1 pennies
The value of your 23 coins is
equivalent to 181 pennies.

Notice that pennies is plural, not singular as it should be. After you learn about the
if-else statement in Section 2.8.3, The if and if-else Statements, on page 52,
you can modify your program so that its output is grammatically correct.

6. Modify the program that you wrote in the previous exercise so that the last line of
the output looks like this:

The value of your 23 coins 1is $1.81

7. The purpose of this exercise is to find out what happens on your system when a
runtime error occurs. Try the following code:

int a=1, b = 0;
cout << "int division by zero:" << a/b << endl;

On a UNIX system, you might get a core dump. That is, the system might create a file
named core that contains information about the state of your program just before it
ended abnormally. This file is not meant to be read by humans. A debugger can use
the core dump to give you information about what your program was doing when it
aborted. (Do not leave core dumps lying around. Because they are rather large, they
eat up valuable disk space. Also, George Belotsky points out that core dump files can
also be a security problem; someone could search in the core dump for potentially
exploitable information.)

On some systems, dividing by a floating zero does not result in a runtime error. On
other systems, it does. What happens on your system with the following code? If Inf
or NaN gets printed, you can think of the value as infinity or not a number.

doubTe X =1.0, y=0.0;
cout << "double division by zero:'

<< X/y << endl;
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Native Types and Statements
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This chapter, together with Chapter 3, Functions, Pointers, and Arrays, provides an
introduction to programming in C++ using its native types and its nonOOP (object-ori-
ented programming) features. C++ was designed to expand on the C language.

i N

A native type is one provided by the language directly. In C++, this includes the simple
types such as character, integer, and floating-point types; the boolean type; and derived
types such as array, pointer, and structure types, which are aggregates of the simple
types. This chapter focuses on the native simple data types and statements.

The intent of this and the next chapter is to enable programmers to use the kernel or
core language, that subset of C++ that comes closest to forming a traditional imperative
language such as C, Pascal, or FORTRAN. With the improvements to C in the kernel lan-
guage of C++, it is now possible to use the C language without its more extensive addi-
tional object-oriented features. Three critical enhancements are type-safety, an
improved input/output library iostream, and the generic programming feature tem-
plate. For example, in type-safety, the compiler checks that a value of correct type is
used within a statement or expression. Type-safety enables the programmer to readily
discover subtle errors.

An important object-oriented feature is type extensibility. This is the ability within the
programming language to develop new types suitable to a problem domain. For this
extensibility to work properly, the new type should work like the native types of the
kernel language. Object-oriented design of user-defined types should mimic the look
and feel of the native types. This is one reason why it is important to understand the
design and use of the native types.

For the experienced C programmer, most of this chapter’s material should be skimmed
and read mainly with an eye for differences between C and C++. For a programmer com-
ing from another language, such as Java or Pascal, or for rusty C programmers, this and
the next chapter review the C++ core language.

I told you I had Cs at my core!
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2.1 Program Elements

A program is composed of elements called tokens, which are collections of characters
that form the basic vocabulary the compiler recognizes. Table 2.1 shows the C++ char-
acter set.

Table 2.1 C++ Character Set

abcdefghijklImnopqgrstuvwxyz
ABCDEFGHIJKLMNOPQRSTUVWXYZ
0123456789
+=_-0*&%$#!" | <., ;:""/?2{}~\NT[]A
white space and nonprinting characters, such as newline, tab, blank

In C++, tokens can be interspersed with white space and with comment text that is
inserted for readability and documentation. There are five kinds of tokens: keywords,
identifiers, literals, operators, and punctuators.

C++ distinguishes between uppercase and lowercase. As we shall see, C++ uses lower-
case in its keyword list.

I still have lots of
work with TV game
shows, Monopoly,

and currency
exchanges.

I'm glad that ALGOL had
unemployment benefits, but
re there any openings i

]
I

As a historical note, ALGOL60 was an ancestor language to C and C++, but it has not
been used in any substantial way since the 1970s. It was the core language of Simula67,
which was the first real object-oriented language.

2.11 Comments

C++ has a single-line comment, written as // rest of line.
// C++ by Dissection Chapter 2 - Example

#include <vector> // vector is in STL

A multiline comment is written as /* possibly multiline comment */. Everything
between /* and */ is a comment. Multiline comments do not nest.
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/% Multiline Comments Are Frequently Introductory
Programmer: Laura Pohl
Date: January 1, 1989
Version: DID v4.2

212  Keywords

Keywords in C++ are explicitly reserved words that have a strict meaning and may not
be used in any other way. They include words used for type declarations, such as int,
char, and float; words used for statement syntax, such as do, for, and if; and words
used for access control, such as public, protected, and private. Table 2.2 shows the
keywords in current C++ systems.

Table 2.2 Keywords

asm else hew this
auto enum operator throw
bool explicit private true
break export protected try

case extern public typedef
catch false register typeid
char float reinterpret_cast typename
class for return union
const friend short unsigned
const_cast goto signed using
continue if sizeof virtual
default inline static void
delete int static_cast volatile
do Tong struct wchar_t
double mutable switch while
dynamic_cast nhamespace template

2.1.3 Identifiers

An identifier in C++ is a sequence of letters, digits, and underscores. An identifier can-
not begin with a digit. Uppercase and lowercase letters are treated as distinct. It is good
practice to choose meaningful names as identifiers. One- or two-letter identifiers can be
used when it is obvious what the name is being used for. Avoid using identifiers that
are distinguished only by case differences. In principle, identifiers can be arbitrarily
long, but many systems distinguish only up to the first 31 characters. Table 2.3 shows
examples of identifiers.
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Table 2.3 Valid Identifiers

n Typically an integer variable

count Meaningful as documentation

buff_size C++ style—underscore separates words
bufferSize Java and Pascal style—capital separates words
g2345 Obscure

cout Used in the standard library iostream
_Sysfoo Underscore capital is for system use
too__bad Double underscore is for system use

Table 2.4 has examples of illegal identifiers.

Table 2.4 lllegal as Identifiers

for Keyword

3q Cannot start with digit
-count Do not mistake - for _

<

Ann
Analyst

No wonder she never gets asked out:
no one can remember name or what she does!

28
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214 Literals

Literals are constant values, such as 1 or 3.14159. There are literals for each C++ data
type. String literals are also allowed, as illustrated in Table 2.5.

Table 2.5 Literals

5 An integer literal

Su u or U specifies unsigned

5L 1 or L specifies long

05 An integer literal written as octal

0x5 An integer literal written as hexadecimal
true A boo literal

5.0 A floating-point literal treated as double
5.0F f or F float—typically single precision
5.0L 1 or L specifies long double

Character literals are written between single quotes. Special characters can be repre-
sented with the backslash character \. (See Appendix A, ASCII Character Codes, for the
full character set.) Table 2.6 has examples of character literals.

Table 2.6 Character Literals

'5' Character literal —ASCII value 53
'A' Letter capital A—ASCII value 65
'a' Letter small a—ASCII value 97
"\0' Null character—terminates strings
"\t' Character printing a tab space
"\n' Character printing a new line

String literals are stored as a series of characters terminated with the null character,
whose value is 0. String literals are static char[ ] constants. The character '"' can
be represented inside strings by escaping it with the backslash character \. Table 2.7
shows literals that contain characters requiring a backslash.

Table 2.7 Special Character Literals

"a" 2 bytes 'a' "\0'
"a\tb\n" 5 bytes a' "\t' 'b' '"\n' "\O'
lll \\ll 4bytes lll \] 1 I\\I I\OI

ll\llll 2byteS v l\@l
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When printed, these strings would produce effects required by the special characters.
Thus, the second string prints an a followed by a number of white-space characters as
determined by the tab setting, and then a b followed by a newline character.

String literals that are separated only by white space are implicitly concatenated into a
single string.

"This is a single string, "
"since it is separated only
"by white space."

The character literals are usually represented as themselves. So the character 'A’'
stands for the uppercase letter A. It also has an integer representation of 65. This can
be written as the octal representation '\101"' or the hexadecimal representation
"\x041".

Some nonprinting and special characters, such as blank or newline, require an escape
sequence, as shown in Table 2.8.

Table 2.8 Character Constants

"\a' Alert

"\ Backslash

"\b' Backspace

"\r' Carriage Return

"\"' Double Quote

"\f' Formfeed

"\t' Tab

"\n' Newline

"\0' Null character

"\"' Single quote

"\Vv' Vertical tab

"\101' Octal 101 in ASCII ‘A’
"\x041' Hexadecimal ASCII ‘A’
L'00' wchar_t constant

Floating-point literals can be specified either with or without signed integer exponents,
as illustrated by Table 2.9.

Table 2.9 Floating-Point Literals

0.1234567 double is default floating-point literal
1.234F float is smallest floating-point literal
0.123456789L Tong doubTe is longest floating-point literal
3. 3.0 0.3E1 All express double 3.0

300e-2 Also 3.0
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2.15 Operators and Punctuators

C++ allows operators, punctuators, and white space to separate language elements. C++
gives special meaning to many characters and character sequences, illustrated in Table

2.10.
Table 2.10 C++ Operators

+ - % /% Arithmetic operators

-> ->* Pointer and pointer-to-member operators
&& | | Logical operators

= += = Assignment operators

Scope resolution operator

hew delete Free-store operators

Operators are used in expressions and are meaningful when given appropriate argu-
ments. C++ has many operators. Certain symbols stand for different operators, depend-
ing on context; for instance, - can be either unary or binary minus. A unary operator is
an operator on one argument, and a binary operator is an operator on two arguments.
The unary minus expression -(expression) is equivalent in value to the binary minus
expression @ - expression. C operators are all available in C++, but C++ has operators
that are not found in C, such as the scope resolution operator

Punctuators include parentheses, braces, commas, and colons and are used to structure
elements of a program. For example, the following contain punctuators in C++:

foo(a, 7, b + 8) // comma-separated argument Tlist
{a=b; c=d; } // { starts statement 1list or block

p . Input/Output

C++ input/output is not directly part of the language but rather is added as a set of
types and routines found in a standard library. The C++ standard 1/0 library is iostream
or iostream.h. The file name without the .h extension is the official ANSI standard name.
Officially, the ANSI standard libraries that are taken from C libraries are c followed by
their names without the .h extension. The ANSI C standard library stdio.h can be used as
the ANSI C++ library cstdio. We use iostream because we are illustrating C++ practice.
This section is introductory, intended to give the bare minimum of detail to get the
reader up and running.

The iostream library overloads the two bit-shift operators.
<< // "put to" output stream, normally left shift
>> // "get from" dinput stream, normally right shift

This library also declares three standard streams:
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cout // standard out
cin // standard 1in
cerr // standard error

The use of the stream in conjunction with values and variables is analogous to assign-
ment. C++ can use existing C library functions, such as printf () and scanf (), but the
iostream library is type-safe and easier to use. For example, in the expression cout <<
X, the type of the variable x determines how it is to be printed. Therefore, there are
fewer annoying formatting mismatch errors usually found in C, where with
printf("%format", x),the expression value x can be printed incorrectly when the for-
mat is mismatched.

The following example program io.cpp uses iostream. This ANSI C++ standard library is
in namespace std. This means that all the identifiers defined in this scope are consid-
ered to have as their full name std: :identifier. So the full name for the standard out-
put stream is std::cout. We avoid having to use the std:: prefix by inserting the
using namespace std statement at the beginning of each program that uses files from
the standard library. Some compilers provide a .h file where this is unnecessary.

In file io.cpp

#include <iostream>
using namespace std;

int main()

{ - .
int 1;
doubTle x;
cout << "\nEnter a double: ";
cin >> Xx;
cout << "Enter a positive integer: ";
cin >> 1i;
while (i < 1){
cerr << "error i = " << i << endl;
cout << "Enter a positive integer: ";
cin >> 1i;
};
cout << "i * x =" << i * x << endl;
}

Here is some sample output:

double: 1.2
positive integer: 3

3.6

In this example, the user entered the double 1.2 and the integer 3 with the result being
outputted as the double value 3.6.


http://www.cse.ucsc.edu/~pohl/C++BD/02Chap/io.cpp
http://www.cse.ucsc.edu/~pohl/C++BD/02Chap/io.cpp
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Dissection of the io Program
s int i 5
double x;
The program uses two variables, one for integer input and the other
for floating-point input. It is usual in short programs to place declara-

tions at the head of the block. In longer programs, variables are often
declared near to their first use.

s cout << "\nEnter a double: ";

cin >> x;
If we run this program, the first output statement in the preceding
code places a string on the screen. This string, "Enter a double: ",
first prints a newline character and then prompts the user for an
input value of appropriate type. The second statement expekcts the
double variable x to get a value converted from string input typed at
the keyboard. The string represents a value that is either a double or
assignment-convertible to a double. Other typed input fails. C++ I/O
is type-safe.

= cout << "Enter a positive integer: ";

cin >> i;

while (i < 1){
cerr << "error i = " << i << endl;
cout << "Enter a positive integer: ";
cin >> 1i;

%

Notice how the while statement insists on getting a positive integer
value for input. When programs are to be heavily used, it is important
to test that the input is correct. For example, if -1 was entered the fol-
lowing would be printed:

error i = -1

Enter a positive integer:

The end1 is a specially recognized identifier called a manipulator. It
flushes the cerr output stream and adds a newline character to the
output.

m cout << "1 * x = << i * X << endl;

The last statement prints the string i * x = , followed by the dou-
b1e value of the expression i * x.
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2.3 Program Structure

A program in C++ is a collection of functions and declarations. The language is block-
structured, and variables declared within blocks are allocated automatically on block
entry and are freed on block exit. Unless otherwise specified, parameters are call-by-
value. The following C++ program computes the greatest common divisor of two inte-
gers.

In file gcd.cpp

// GCD greatest common divisor program

#include <iostream>
using namespace std;

int gcd(int m, int n) // function definition
{ // block begin
int r; // declaration of remainder
while (n !'= 0) { // not equal
r=m%n; // modulus operator
m = n; // assignment
n=r;
} // end while Toop
return m; // exit gcd with value m
}
int main(Q)
{
int x, y, howMany;
cout << "\nPROGRAM GCD C++";
cout << "\nEnter how many GCD computations? ";
cin >> howMany;
for (int i = 0; i < howMany; ++i) {
cout << "\nEnter two integers: ";
cin >> X >> y;
cout << "\nGCD(" << x << ", "<y << ") ="
<< gcd(x, y) << endl;
}
}

As you can see, C++ is very terse. C++ compilers can compile multifile programs. Large
C++ programs are prepared as separate files. Each file is conceptually a module that
contains related program declarations and definitions. On many systems, C++ source
files have as their suffix either .c, .cc, or .cpp. One popular freely available compiler for
UNIX systems is the GNU C++ translator. It is invoked with the command g++. So,

g++ modulel.cpp module2.cpp my_main.cpp
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is the GNU C++ compile command g++, acting on three files: modulel.cpp, module2.cpp,
and my_main.cpp. If compilation shows no errors, an executable a.out is produced. It is
important to rename the executable to something other than a.out, such as
program_name. Otherwise, further compilation overwrites the previous a.out. It is con-
venient to be able to directly compile to an executable, such as program_name. As men-
tioned in Section 1.6, Writing and Running a C++ Program, on page 15, this can be done
using -o program_name in the compile command. So,

g++ -0 my_program modulel.cpp module2.cpp my_main.cpp

compiles directly to an executable named my_program.

Dissection of the gcd Program
= int gcd(int m, int n)

The core language relies on functional encapsulation to produce well-
designed modular programs. The function name should be chosen to
be meaningful. In this case, gcd is a standard abbreviation for great-
est common divisor. The function has two integer arguments passed
by value. More on this in Section 3.2, Function Invocation, on page 76.

m { // block begin
int r; // declaration of remainder

Function definitions are blocks. A block begins with an open (left)
brace and includes declaration and executable statements. In C++,
declaration statements can occur anywhere in a block. In small
blocks, it is usual to place all declarations at the head of the block. In
large blocks, it is often the case that declarations appear just before
the first use of the associated variable.

= while (n !'= 0) { // not equal
r=m%n; // modulus operator
m = n; // assignment
n=r;
} // end while Tloop

The while statement is a basic looping construct controlled by a
bool expression. In this case, as long as the expression “n is not
equal to zero” is true, the compound statement after the while
expression is executed. The compound statement is any number of
contiguous statements between a matching set of braces. In this case,
there are three assignment statements that constitute the heart of the
greatest common divisor algorithm. The operator % is the integer
modulo operator, meaning in this case, r is assigned m modulo n.

" return m; // exit gcd with value m

}

The return statement terminates the function. Here, the return
statement returns an integer value as the value of gcd() at the point
the function was called in main().



Ira Pohl’s C++ by Dissection 2.3 Program Structure 36

m int main()

{

int x, y, howMany;

cout << "\nPROGRAM GCD C++";

The main() function initiates the running of a C++ program calling
any subsidiary program, such as gcd(). Here, main() prints out to
the user a message calling attention to its use. It is important to have
input/output be clear and robust so that an untrained user of a pro-
gram can readily use it without detailed knowledge of the program’s
components.

s cout << "\nEnter how many GCD computations? ";
cin >> howMany;
for (int i = 0; i < howMany; ++i) {

The for statement is a loop that is executed howMany times. Here,
just before the loop, the user is prompted for the value of howMany.
Note that the for loop variable is declared inside the for statement;
this is not possible in C.

n cout << "\nEnter two integers: ";
cin >> X >> y;
cout << "\nGCD(" << x << ", " <y << ") ="

<< gcd(x, y) << endl;
}

Inside the loop, the user is asked for two integer values. These are
then used as arguments to gcd (). The final brace ends the loop.

2.3.1 Redirection

On most systems, input can be redirected from a file. Assume that the gcd program has
been compiled into an executable file called gcd. The command

gcd < gcd.dat

takes its input from the file gcd.dat and writes the answers to the screen. Test this with
a file containing

4 4 6 6 21 8 20 15 20
On most systems, output can also be redirected to a file. The command

gcd > gcd.ans

places its output in the file gcd.ans, taking its input from the keyboard. Note that the
messages prompting the user for input also go to that file, and the user will have to
know what to do without being prompted on the screen.

Enter the same data as before and check the file gcd.ans to see that it has the four cor-
rect answers. The two redirections can be combined as follows:
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gcd < gcd.dat > gcd.ans

This takes its input from the file gcd.dat and places its output in the file gcd.ans. Test
this on your system. Redirection is a very useful system feature.

2.4 Simple Types

The simple native types in C++ are bool, int, double, char, and wchar_t. These types
have a set of values and representation that is tied to the underlying machine architec-
ture on which the compiler is running. Both the bool and the wchar_t types are new to
C++ and are not in C and early C++ systems. The bool type provides a native boolean
type, and wchar_t provides a wide character type, used for representing character sets
requiring more than the standard 255 characters.

C++ integral simple types can often be modified by the keywords short, Tong, signed,
and unsigned, to yield further simple types. The floating-point types are float, dou-
ble, and Tong double. Table 2.11 lists these types, shortest to longest. Length here
refers to the number of bytes used to store the type.

Table 2.11 Fundamental Data Types

Basic Type Modifier Modifier

bool

char signed char unsigned char
wchar_t

int short int Tong int
unsigned unsigned short unsigned long
double float Tong double

This basic type list runs from the conceptually shortest type, booTl, to the conceptually
longest type, double. Each longer type must be at least as long as its predecessor type.
On most machines, a bool or a char is stored in a single byte. The basic types may have
modifiers short or Tong that can change the range of values that they can represent.
For example, on many machines a short int is 2 bytes and represents the range (-
32,768, 32,767). The unsigned modifier also changes the range by making the values
represented greater than or equal to zero. For example, on many machines an unsigned
short is 2 bytes and represents the range (0, 65,535). On many current systems, int
and float are each stored in 4 bytes. The longer types such as Tong int and double
are often stored in 4 bytes also, but on some systems they might be stored in 8 bytes.
The wchar_t, or wide character type, can represent distinct codes for any element of
the largest extended character set in any language’s alphabet, such as Japanese. A
wchar_t type is often the same size as an int type.

C++ also has the sizeof operator, which is used to determine the number of bytes a
particular object or type requires for storage.
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// how many bytes it takes to store int and long

cout << "int size = << sizeof(int) << endl;
cout << "long size = " << sizeof(long) << endl;

Using a Sun Microsystems compiler and system, this prints:

int size = 4

long size = 4

38

This is not a mistake but an implementation decision for Sun Microsystems. The Tong

type must be at least the size of the int type.

The range of integral values that can be represented on your system is defined in the
standard header file limits. Some examples from our system are shown in Table 2.12.

Table 2.12 Range of Integral Values

#define CHAR_BIT 8 Bits per char

#define SCHAR_MIN (-128) signed char minimum
#define SCHAR_MAX 127 signed char maximum
#define UCHAR_MAX 255 unsigned char maximum
#define INT_MAX 2147483647 int maximum

#define INT_MIN (-2147483648) int minimum

#define UINT_MAX 4294967295U unsigned int maximum

The range of floating-point values that can be represented on your system is defined in
the standard header file cfloat. Some examples from our system are illustrated in Table

2.13.

Table 2.13 Range of Floating-Point Values

#define FLT_EPSILON ((float)1.19209290e-07) Float
#define FLT_MIN ((float)1l.17549435e-38) Float min
#define FLT_MAX ((float)3.40282347e+38) Float max
#define DBL_EPSILON 2.2204460492503131e-16 doubTe
#define DBL_MIN 2.2250738585072014e-308 doubTe min
#define DBL_MAX 1.7976931348623157e+308 double max

In Table 2.13, FLT_EPSILON is the smallest number that when added to 1 in that data
type yields a result different from 1. The C++ standard library file limits contains the
template numeric_1l1imits, which allows the user to query the system about character-

istics of different types. For example:
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// determine the maximum value for int and float

cout <<
<<
cout <<
<<

numeric_Timits<int>::max()
" is the maximum int.\n";
numeric_Tlimits<float>::max()
" is the maximum float.\n";

Using a Borland compiler on a Windows system, this prints:

2147483647 is the maximum int.

3.40282e+38 is the maximum float.

2.4 Simple Types
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As a rule, use the int type for most integer arithmetic and double for most floating-
point arithmetic. These types are the most efficient for their particular machines and
compilers. Shorter types can be used if memory space is a priority. Longer types should
be used when range of values or precision is needed.

241 TInitialization

A variable declaration associates a type with the variable name. An important concep-
tual distinction is the following: A declaration of a variable constitutes a definition, if
storage is allocated for it. In effect, the definition creates the object.

A definition can also initialize the value of the variable. Initialization is expressed by

following the identifier name with an initializer. For simple variables, this is usually

type id =

expression

Some examples of definitions are shown in the following code:

In file simple_variables.cpp

#include <iostream>
using namespace std;

int main(Q)

{
int
char

i=75; // 1 1s initialized
cl = 'B', c2; // €2 is uninitiali

double x = 0.777, vy = x + 1i;

cout
cout

cout
cout

<< "1 =" << 1 << endl; // print i =5
<< "x =" << X // print x = 0
<< "\ty = " <<y << endl; // printy =5
<< "cl = " << cl << endl; // print cl =
<< "c2 = " << c2 << endl; // print c2 =

to 5
zed

77
77

B
777
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Initialization can involve an arbitrary expression, provided that all of the variables and
functions used in the expression are defined. In the preceding example, vy is initialized
in terms of the just-defined x. The uninitialized variable c2 cannot be relied on to have
any particular value associated with it. Using it in the computation before a well-defined
value is assigned to it is a mistake. As a rule of thumb, when there is a choice, it is bet-
ter to initialize a variable than to define it as uninitialized and later assign it a value. Ini-
tialization makes the code more readable, less error-prone, and more efficient.

Syntactically, C++ declarations are themselves statements and can occur intermixed
with executable statements. This differs from C, in which declarations are not syntacti-
cally statements and must either be in global scope or at the head of a block. In the pre-
vious code, we could have placed the char declarations after the first cout statement
without affecting the output.

cout << "x = " << x // X = 0.777 << "\ty = "
<<y << endl; // y=5.777
char cl = 'B'", c2; // c2 uninitialized

2.5 The Traditional Conversions

The expression x + y has both a value and a type. For example, if x and y are both vari-
ables of type int, x + yisalso an int. However, if x and y are of different types, x + vy
is a mixed expression. Suppose that x is a short and y an int. The value of x is con-
verted, or coerced, to an int, and the expression x + y has type int. The value of x as
stored in memory is unchanged. It is only a temporary copy of x that is converted dur-
ing the computation of the value of the expression. Now suppose that both x and y are
of type short. Even though x + y is not a mixed expression, automatic conversion
again takes place; both x and y are promoted to int, and the expression is of type int.
The general rules are straightforward.

Automatic Arithmetic Expression Conversions

1. Any bool, char, short, or enum is promoted to int. Integral values that can-
not be represented as int are promoted to unsigned.

2. If, after the first step, the expression is of mixed type, the following applies,
according to the hierarchy of types:

int < wunsigned < Tong < unsigned Tong
< float < double < Tlong double

The operand of the lower type is promoted to that of the higher type, and the
value of the expression has that type.

To illustrate implicit conversion, we make some declarations and list a variety of mixed
expressions along with their corresponding types in Table 2.14.



Ira Pohl’s C++ by Dissection 2.5 The Traditional Conversions 41

Table 2.14 Declarations

char c; long 1g; double d;

short s; float f; unsigned u; int 1i;
Expression Type Expression Type
c-s/1i int u*3 -1 unsigned
u* 3.0 -1 double f*3 -4 float
c+1 int 3 *s * g Tlong

c+ 1.0 double d+ s double

An automatic conversion can occur with an assignment. For example, d = i causes the
value of 1, which is an int, to be converted to a doubTe and then assigned to d; doubTe
is the type of the expression as a whole. A promotion, or widening, such as d = 1, is
usually reliable, but a demotion, or narrowing, such as i = d, can lose information.
Here, the fractional part of d is discarded.

In addition to implicit conversions, which can occur across assignments and in mixed
expressions, there are explicit conversions, called casts. If i is an int,

static_cast<double> (i)

casts the value of i so that the expression has type double. The variable i itself
remains unchanged. The static_cast is available for a conversion that is well-defined,
portable, and essentially invertible. This makes it a safe cast, namely, one with predict-
able and portable behavior. Some more examples are

y = static_cast<char>('A" + 1)
X = static_cast<double>(static_cast<int>(y) + 1)

Casts that are representation- or system-dependent use reinterpret_cast. For exam-
ple:

1 = reinterpret_cast<int>(&x) // system-dependent

System-dependent casts are undesirable and should be avoided. They are considered
unsafe.

Two other special casts exist in C++: const_cast and dynamic_cast. The const modi-
fier means that a variable’s value is nonmodifiable. Very occasionally, it is convenient to
remove this restriction, by casting away constness. This is accomplished with the
const_cast, as in

const int c_var = 5;
foo(const_cast<int&> (c_var)); // invoke foo(int&)

The type in const_cast<type> must be pointer, reference, or pointer-to-member type.
Note that in the preceding example, c_var remains unchanged outside of foo(). The
effect of the const_cast<type> (arg) is that a modifiable copy of its argument is cre-
ated and passed as an argument to the called function.
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To use dynamic_cast, we must have an inheritance hierarchy, which is studied in Sec-
tion 8.7, RTTI and Other Fine Points, on page 353.

Older C++ systems allow an unrestricted form of cast with the following forms:

(type) expression or type (expression)

Some examples are
y = 1 / double(7); // does division in double
ptr = (char*)(i + 88); // C style int to pointer

The C cast notation (type) is considered obsolete and is not used in the text. The older
casts do not differentiate among relatively safe casts, such as static_cast, and sys-
tem-dependent unsafe casts, such as reinterpret_cast. The newer casts also are self-
documenting; for example, a const_cast suggests its intent through its name.

The next program converts pounds to kilograms and then computes the body mass
index.

In file body_fat.cpp

// Pounds to Kilograms and Body Mass Index BMI

#include <iostream>
using namespace std;

// conversion constants

const double Tbs_to_kg = 2.2046,
inches_to_meter = 39.370;
int main(Q)
{
int weight, height; // 1in pounds and inches
double kilograms, meters;
cout << "\nEnter weight in pounds: ";
cin >> weight;
kilograms = weight / lbs_to_kg;
cout << "\nThis 1is approximately
<< static_cast<int>(kilograms) << "kg."
<< endl;
cout << "\nEnter height in inches: ";
cin >> height;
meters = height/inches_to_meter;
cout << "\nYour BMI is approximately
<< "body fat ratio is "
<< kilograms/(meters * meters)
<< ". Under 25 is good."
<< endl;
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Dissection of Casting in the body_fat Program

s // conversion constants

const double T1bs_to_kg = 2.2046,
inches_to_meter = 39.370;

The variables Tbhs_to_kg and inches_to_meter are global and are
initialized to the values 2.2046 and 39. 370, respectively. The const
modifier means these values are nonmodifiable. As a result, the iden-
tifiers are mnemonic and provide useful documentation. A const
variable must be initialized on definition.

= int weight, height; // in pounds and inches
double kilograms, meters;

The variable names are chosen for the specific meanings they convey.

m cout << "\nThis is approximately
<< static_cast<int>(kilograms) << "kg."
<< endl;

The doubTe value of the variable kilograms is narrowed to an int.
The safe cast static_cast<int>(kilograms) truncates the double
value to an int value. Without this explicit cast, the variable kilome-
ters would have printed as a doubTe.

2.6 Enumeration Types

The keyword enum is used to declare a distinct integer type with a set of named integer
constants called enumerators. Consider the following declaration:

enum suit { clubs, diamonds, hearts, spades };

This declaration creates an integer type with the four suit names—clubs, diamonds,
hearts, and spades—as integer constants, whose values are 0, 1, 2, and 3, respectively.
These values are assigned by default, with the first enumerator being given the constant
integer value 0. Each subsequent member of the list is one more than its left neighbor.
The identifier suit is now its own unique type, distinct from other integer types. This
identifier is called a tag name.

Enumerators can be defined and initialized to arbitrary integer constants.
enum ages { laura = 11, max, debra = 39,
ira = debra + 7, robin };

The enumerators can be initialized to constant expressions. Note that the default rule
applies when there is no explicit initializer; therefore, in the example, max is 12 and
robinis 47.
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The tag name and the enumerators must be distinct identifiers within scope. The values
of enumerators need not be distinct. Enumerations can be implicitly converted to ordi-
nary integer types, but not vice versa.

enum signal { off, on } a = on; // a initialized on

enum answer { no, yes, maybe = -1 } b;

enum neg { no, off} c; // illegal: no off redeclared
int i, j = on; // legal: on converted to 1

a = off; // legal

i = a; // legal: i becomes 0

b =1; // illegal

b = static_cast<answer>(i); // legal: explicit cast

Enumerators can be declared anonymously, without a tag name. Some examples are

enum { LB = @, UB = 99 };
enum { lazy, hazy, crazy } why;

The first declaration is a common means of declaring mnemonic integer constants. The
second declares a variable why of enumerator type, with lazy, hazy, and crazy as its
allowable values. Enumerators are useful to collect a small number of integral values
and turn them into a type. This is good for program documentation, and for program
safety as well. Type-checking allows the compiler to check that an appropriate type is
used in a given context.

2.6.1 typedef Declarations

Synonyms for type declarations can be provided with typedef declarations.

typedef int miles; // miles synonym for 1int
typedef char* c_string; // pointer to char
typedef void* gen_ptr; // generic pointer type

typedef point* point_ptr; // pointer to point

Besides providing a form of documentation, typedef declarations reduce complicated
declarations to simple identifiers.

27 Expressions

In C++, there are many special characters with particular meanings. Examples include
the arithmetic operators:

+ - kS / %

which stand for the usual arithmetic operations of addition, subtraction, multiplication,
division, and modulus, respectively. In mathematics, the value of a modulus b is
obtained by taking the remainder after dividing a by b. Thus, for example, 5 % 3 has
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the value 2, and 7 % 2 has the value 1. In a program, operators can be used to separate
identifiers. Although not required, for style reasons we put white space around binary
operators to heighten readability.

a+b // aadded to b
-a // -a is unary minus equal to @ - a

Some special characters are used in different ways in different contexts, and the con-
text determines which way is intended. For example, parentheses are sometimes used
to indicate a function name; at other times, they are punctuators. Another example is
given by the expressions

a+b // + binary operator add
++a // ++ unary operator increment
a+=b // += add-assignment operator means a = a + b

All of these expressions use + as a character, but ++ is a single operator, as is +=. Having
the meaning of a symbol depend on context makes for a small symbol set and a terse
language.

2.7.1  Precedence and Associativity of Operators

Operators have rules of precedence and associativity that determine precisely how
expressions are evaluated. Because expressions inside parentheses are evaluated first,
parentheses can be used to clarify or change the order in which operations are per-
formed. Consider the expression

1+2*3
The operator * has higher precedence than +, causing the multiplication to be per-
formed first, followed by the addition. Hence, the value of the expression is 7. An equiv-
alent expression is

1+ (2 * 3)

On the other hand, because expressions inside parentheses are evaluated first,

a1+ 2) *3
is different; its value is 9. Now consider the equivalent expressions
1+2-3+4-5 and (((L +2) -3)+4) -5

Because the binary operators + and - have the same precedence, the associativity rule
left to right is used to determine how an expression is evaluated. This means the opera-
tions are performed from left to right. Thus, they are equivalent expressions.

Table 2.15 gives the rules of precedence and associativity for the operators of C++ and
is an important reference. We break out pieces of this table when dealing with subcate-
gories of expressions, such as the logical expressions.

All operators in a given table entry, such as ++, new, and &, have equal precedence with
respect to one another but have higher precedence than all the operators in the entries
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Table 2.15 Operator Precedence and Associativity

Operators Associativity
(global scope) Left to right
(class scope)

func() [1] -> . (postfix) ++ (postfix) -- Left to right

typeid(e) type(e)

dynamic_cast<type>(e)

static_cast<type>(e)
reinterpret_cast<type>(e) const_cast<type>(e)

++ (prefix) --(prefix) ! ~ Right to left
& (address) sizeof(e) + (unary) - (unary)
*(indirection) delete new (type)e
->% Left to right
/ % Left to right
+ = Left to right
<< >> Left to right
< <= > >= Left to right
== = Left to right
& Left to right
A Left to right
| Left to right
&& Left to right
|| Left to right
?: Right to left
= 4= -= *= [= %= >>= <<= &= A= |= Right to left
throw(e) Left to right
, (comma operator) Left to right

below them. The associativity rule for all the operators in a given entry appears on the
right side of the table. These rules are essential information for every C++ programmer,
and this table is repeated in Appendix B, Operator Precedence and Associativity.

The operators include all the C operators but also have the following operators not
found in C: the scope resolution operator : :; the memory management operators new
and delete; the modern casting operators static_cast dynamic_cast
reinterpret_cast const_cast; the member selection operators .* ->%; the throw
expression for exception handling throw; and the runtime type identifier operator
typeid.

From Table 2.15, we see that the unary operators have higher precedence than binary
plus and minus. In the expression

-a*b-c
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the first minus sign is unary, and the second, binary. Using the rules of precedence, we
see that

((-a) *b) -c
is an equivalent expression.

C++ has many operators and expression forms. Arithmetic expressions in C++ are con-
sistent with C practice. For example, in both C++ and C, the results of an operator, such
as the division operator /, depend on its argument types.

a=3/2; // evaluates to integer value 1
a=3/2.0; // evaluates to double value 1.5

2.7.2 Relational, Equality, and Logical Operators

Just as with other operators, the relational, equality, and logical operators have rules of
precedence and associativity that determine precisely how expressions involving them
are evaluated. C++ systems use the bool values true and false to direct the flow of
control in the various statement types. Table 2.16 contains the C++ operators that are
most often used to affect flow of control.

The negation operator ! is unary. All of the other relational, equality, and logical
operators are binary, operate on expressions, and yield the boo1 value, either false or
true. Where a boolean value is expected, an arithmetic expression is automatically con-
verted, in each case converting zero to false and nonzero to true.

Table 2.16 C++ Relational, Equality, and Logical

Operators

Relational operators Less than <
Greater than >
Less than or equal to <=
Greater than or equal to >=

Equality operators Equal to ==
Not equal to =

Logical operators (Unary) negation !
Logical and &&
Logical or | |

One pitfall in C++ is that the equality operator and the assignment operator are easily
confused because they are visually similar. The expression a == b is a test for equality,
whereas a = b is an assignment expression. A common C++ programming mistake is to
code something like

if (3 = 1)
// do something



Ira Pohl’s C++ by Dissection 2.7Expressions 48

intending

if (3 == 1)
// do something

The first if statement assigns 1 to i and evaluates to 1, so it is always true. This error
can be very difficult to find. It is correct C++, and in certain very rare situations may be
the code the programmer intends to write. Some compilers do provide a warning when
they see a simple assignment expression as the controlling expression of a selection
statement. To prevent this error, C++ programmers can adopt the style

if (1 == 1) // constant term on the left-hand side
// do something

The logical operators !, &%, and | |, when applied to expressions, yield the bool value
true or false. Logical negation can be applied to an arbitrary expression. If an expres-
sion has value false, its negation yields true.

The precedence of && is higher than | |, but both operators are of lower precedence
than all unary, arithmetic, and relational operators. Their associativity is left to right.

In the evaluation of expressions that are the operands of &% and | |, the evaluation pro-
cess stops as soon as the outcome true or false is known. This is called short-circuit
evaluation. For example, suppose that exprl and expr2 are expressions and that exprl
has value false. In exprl && expr2, the expression expr?2 is not evaluated, because the
value of the logical expression is already determined to be false. Similarly, if exprl is
true, then expr2in exprl || expr2is not evaluated, because the value of the logical
expression is already determined as true. Table 2.17 shows some examples in C++.

Table 2.17 Declarations and Initialization
inta=1, b =2, c = 0;

Parenthesized Equivalent

a+ 5&&Db ((a + 5) && b) true
l(a < b) & c ((l(a < b)) & ©) false
(a==0Db) || c ((a==Db)]|| © false

Short-circuit evaluation is an important feature. The following code illustrates its
importance in a typical situation:
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// Compute the roots of: a * X * X + b * X + C

cin >> a > b > c;

assert(a != 0);

discr =b *b -4 * a * c;

if (discr == 0)
rootl = root2 = -b / (2 * a);

else if ((discr > 0) & (sqrt_discr = sqrt(discr))) {
rootl = (-b + sqrt_discr) / (2 * a);
root2 = (-b - sqrt_discr) / (2 * a);

}

else if (discr < @) { // complex roots

The sqrt () function would fail on negative values, and short-circuit evaluation protects
the program from this error.

Of all the operators in C++, the comma has the lowest precedence. It is a binary opera-
tor with expressions as operands. In a comma expression of the form

exprl , expr2
exprl is evaluated first and then expr2. The comma expression as a whole has the value
and type of its right operand. For example, in

sum =0, i =1
if 1 has been declared an int, this comma expression has value 1 and type int.

The comma operator typically is used in the control expression part of an iterative
statement, when more than one action is required. The comma operator associates from
left to right.

The conditional operator ?: is unusual in that it is a ternary operator. It takes three
expressions as operands.
exprl 7?7 expr2 : expr3

In this construct, exprl is evaluated first. If it is true, then exprZ2 is evaluated, and that
is the value of the conditional expression as a whole. If exprl is false, expr3 is evalu-
ated, and that is the value of the conditional expression as a whole. The following exam-
ple uses a conditional operator to assign the smaller of two values to the variable x:

Xx=((y<2z)?y : z;

Because the conditional operator has precedence over the assignment operator, the
parentheses are not necessary, but they help make clear the nature of the test.

The type of the conditional expression

exprl 7?7 expr2 : expr3
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is determined by expr2 and expr3. If they are different types, the usual conversion rules
apply. The conditional expression’s type cannot depend on which of the two expres-
sions expr2 or expr3 is evaluated. The conditional operator ?: associates right to left.

C++ provides bit-manipulation operators, shown in Table 2.18, which operate on the
machine-dependent bit representation of integral operands. For example, the operand ~
changes an integral operand bit-representation into its one’s complement. These
operators can be ignored by programmers who don’t manipulate underlying bit repre-
sentations.

C++ considers function call ( ) and indexing or subscripting [ ] to be operators. C++
also has an address & operation and an indirection *, or dereferencing, operation. The
unary address operator yields the address, or location, where an object is stored. The
unary indirection operator is applied to a pointer that retrieves the value from the loca-
tion it is pointed at. This operation is also known as dereferencing.

Table 2.18 Bitwise Operators

~ Unary one’s complement
<< Left shift
>> Right shift
And
A Exclusive or
| Or

In C++, we overload the shift operators to perform I/0.

C++ also has a sizeof operator, which is used to determine the number of bytes a par-
ticular object or type requires for storage. This operator is important for obtaining an
appropriate amount of storage for dynamically allocated objects.

Evaluation Center

I know we were here first, but he has higher precedence!

2.8 Statements

C++ has a large variety of statement types, including an expression statement. For
example, the assignment statement in C++ is syntactically an assignment expression
followed by a semicolon. C++ and C both have assignment statements, procedure state-
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ments, transfer statements, conditional statements, selection statements, and iterative
statements. A key difference is that, syntactically, C++ treats declarations as state-
ments, allowing them to be most anywhere in blocks, but C allows declarations only at
the head of blocks, before executable statements. In C++, declarations can also occur in
the initializer part of the for loop.

2.8.1  Assignment and Expressions

In C++, assignment occurs as part of an assignment expression, which can occur in sev-
eral forms.

a=>b + 1;

This expression evaluates the right-hand side of the assignment and converts it to a
value compatible with the variable on the left-hand side. This value is assigned to the
left-hand side. The left-hand side must be an Ivalue, a location in memory where a value
can be stored or retrieved. Simple variables are lvalues.

C++ allows multiple assignments in a single statement.

a=b+ (c =3);

C++ provides assignment operators that combine an assignment operator and some
other operator.

a += b; is equivalent to a=a+ b;
a *= a + b; is equivalent to a=a%* (a+ b);

C++ also provides increment (++) and decrement (--) operators in both prefix and post-
fix form. In prefix form, the increment operator adds 1 to the value stored at the lvalue
it acts on and returns the result. Similarly, the prefix form decrement operator sub-
tracts 1 from the value stored at the lvalue it acts on and returns the result.

++1; is equivalent to i=d 4+ 1;
-=X; is equivalent to X = x - 1;

The postfix form behaves differently from the prefix form, changing the affected lvalue
after the value has been returned.

Jj o= ++1; is equivalent to i=1+1; j=1;
Jj o= ++; is equivalent to j=1; 1 =1+ 1;
1 = ++1 + T4+ // awful practice, system-dependent

Note: These are not exact equivalencies. The compound assignment operators evaluate
their left-hand side expression once. Therefore, for complicated expressions with side
effects, results of the two forms can be different.

The null statement is written as a single semicolon and causes no action to take place. A
null statement is usually used where a statement is required syntactically but no action
is desired. This situation sometimes occurs in statements that affect the flow of control.
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2.8.2 The Compound Statement

A compound statement in C++ is a series of statements surrounded by braces { and }.
The chief use of the compound statement is to group statements into an executable
unit. The body of a C++ function, for example, is always a compound statement. In C,
when declarations come at the beginning of a compound statement, the statement is
called a block. This rule is relaxed in C++, and declaration statements may occur
throughout the statement list. Wherever it is possible to place a statement, it is also
possible to place a compound statement.

28.3 Theifand if-else Statements

The general form of an if statement is

it (condition)
statement

If condition is true, then statement is executed; otherwise, statement is skipped. After
the if statement has been executed, control passes to the next statement. A condition is
an expression or a declaration with initialization that selects flow of control. Here is an
example of an if statement:

if (temperature > 32)
cout << "Above Freezing!\n";
cout << "Fahrenheit is " << temperature << endl;

Above Freezing! is printed only when temperature is greater than 32. The second
statement is always executed.

The expression in an if statement is usually a relational, equality, or logical expression.
Here is an example with a logical-and expression:

if (grade > 70 && grade < 80) {
cout << " you passed ";
letter_gr = 'C';

}

Notice how the statement that is executed is a compound statement. This allows one
controlling if expression to execute a sequence of statements. In C++, condition evalu-
ates as a bool. In C, there is no boo' type, and the controlling expression depends on a
nonzero value being considered true, and a zero value being considered false.

Closely related to the if statement is the if-else statement, which has the general
form

it (condition)
statementl

else
statement?2
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If condition is true, then statementl is executed and statement? is skipped; if condition
is false, then statementl is skipped and statement? is executed. After the if-else
statement has been executed, control passes to the next statement. Consider the follow-
ing code:

if (x < y)
min = Xx;
else
min = y;

cout << "min = << min;

If x < yis true, then min is assigned the value of x; if x < y is false, min is assigned
the value of y. After the if-else statement is executed, min is printed.

In the next program, we show how these statements can be used in a complete program.
The program takes as input an integer grade and prints out a message and the equiva-
lent letter grade. If the entered grade was outside the normal range, a grade of Z is
printed. Notice how the if-else structure works to designate a series of logical cases.
The last i f is the error case. This is a frequent coding idiom, and the good programmer
must master this form of decision making.

In file if_test.cpp

// For printing out grade meanings

#include <iostream>
using namespace std;

int main(Q)
{
int grade; // from @ to 100
char Tletter_grade = 'Z'; // A, B, C, D, F, or Z

cout << "Enter Your Number Score:" << endl;
cin >> grade;

if (grade == 100) {
cout << " First in Class!\n";
letter_grade = 'A';

}

else if (grade >= 90 && grade < 100) {
cout << " Congratulations!\n";
letter_grade = 'A';

}

else if (grade >= 80 && grade < 90) {
cout << " Very Good\n";
lTetter_grade = 'B';


http://www.cse.ucsc.edu/~pohl/C++BD/02Chap/if_test.cpp
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else if (grade >= 70 && grade < 80) {
cout << " Okay\n";
letter_grade = 'C';

3

else if (grade >= 60 && grade < 70) {
cout << " Work harder\n";
letter_grade = 'D';

3

else if (grade >= 0 && grade < 60) {

cout << " Sorry you failed\n";

letter_grade = 'F';
}
else

cout << " Not a recognizable grade" << endl;
cout << " Your grade was " << letter_grade

<< endl;

Dissection of the if_test Program

w {
int grade; // from @ to 100
char Tletter_grade = 'Z'; // A, B, C, D, F or Z

cout << "Enter Your Number Score:" << endl;
cin >> grade;

The program converts an integer grade to a letter grade. The letter
grade Z is reserved for an illegal integer grade. When asking a user for
input, always prompt the user properly.

s if (grade == 100) {
cout << " First in Class!\n";
letter_grade = 'A';
}
else if (grade >= 90 && grade < 100) {

In a nested if-else statement, we have an initial if-expression fol-
lowed by a series of if-else expressions. Here, each if-else
expression brackets a particular grade range.

= else if (grade >= 0 && grade < 60) {

cout << Sorry you failed\n";
letter_grade = 'F';
}
else
cout << " Not a recognizable grade" << endl;

The very last clause is an else part. This frequently takes care of
irregular or illegal values. Here, it is an action for grades outside the
range 0 to 100.
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. cout << << letter_grade <<
endl;

}

The if selection picks a grade of A, B, C, D or F and assigns it to the
variable Tetter_grade. If no grade is selected, the default value Z
prevails. The output statement prints the grade in an understandable
phrase.

Your grade was

2.84 Thewhile Statement
The general form of a while statement is
while (condition)
statement

First, condition is evaluated. If it is true, statement is executed, and control passes back
to the beginning of the while loop. The result: The body of the while loop, namely,
statement, is executed repeatedly until condition is false. At that point, control passes
to the next statement. In this way, statement can be executed zero or more times.

An example of a while statement follows.

In file while_test.cpp

#include <iostream>
using namespace std;

int main()

{
int i =1, sum = 0;
while (i <= 10) {
sum += i;
++1;
ks
cout << "\nSum for i " << i << " is "
<< sum << endl;
}

The while loop increments the value of sum by the current value of i and then incre-
ments i by 1. After the body of the loop has been executed 10 times, the value of 1 is
11, and the value of the condition i <= 10 is false. Thus, the body of the loop is not
executed, and control passes to the next statement. When the while loop is exited, the
value of sumis 55.


http://www.cse.ucsc.edu/~pohl/C++BD/02Chap/while_test.cpp
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2.85 The for Statement
Consider the general form of a for statement:

for (for-init-statement; condition; expression)
statement

First, the for-init-statement is evaluated and may be used to initialize variables used in
the loop. Then condition is evaluated. If it is true, statement is executed, expression is
evaluated, and control passes back to the beginning of the for loop again, except that
evaluation of for-init-statement is skipped. This iteration continues until condition is
false, at which point control passes to the next statement.

The for-init-statement can be an expression statement or a simple declaration. If it is a
declaration, the declared variable has the scope of the for statement.

The for statement is an iterative statement, typically used with a variable that is incre-
mented or decremented. As an example, the following code uses a for statement to
sum the integers from 1 to 10:

In file for_test.cpp

// Use of typical for statement

#include <iostream>
using namespace std;

int main(){
int sum = 0;

for (int i = 1; i <= 10; ++1)
sum += 1;
cout << " sum of 1 to 10 is " << sum << endl;

}

Any or all of the parts inside the parentheses of a for statement can be missing, but the
two semicolons must remain. If for-init-statement is missing, no initialization step is
performed as part of the for loop. If expression is missing, no incrementation step is
performed as part of the for loop. If condition is missing, no testing step is performed
as part of the for loop. The special rule for when condition is missing is that the test is
always true. Thus, the for loop in the code

for (int i =1, sum = 0; ; ++1)
sum += 1i;

is an infinite loop.


http://www.cse.ucsc.edu/~pohl/C++BD/02Chap/for_test.cpp
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Sartre was right; there is no exit.

The for statement is one common case in which a local declaration is used to provide
the loop control variable, as in

for (int i = 0; i < N; ++i)
sum += a[i]; // sum array a[@] + ----- + a[N - 1]

Here, the int variable 1 is local to the given loop. This form of local declaration is not
possible in C, but it can be simulated as follows:

{
int 1; /*1ocal to block*/
for (i = 0; i < N; ++1)
sum += al[i];
}

2.8.6 The do Statement

The do statement can be considered a variant of the while statement. However, instead
of making its test at the beginning of the loop, the do statement makes it at the end.
The do statement always executes its body at least once. An example is

sum = i = 0;

do { // execute
sum += i;
cin >> 1;

} while (i > 0); // then test
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Consider the general form of a do statement:

do
statement
while (condition) ;

First, statement is executed, and then condition is evaluated. If it is true, control passes
back to the beginning of the do statement, and the process repeats itself. When the
value of condition is false, control passes to the next statement. As an example, sup-
pose that we want to add 10 positive numbers, such as the last 10 readings of your
blood pressure. We need to read in each integer and require that it be positive. The fol-
lowing code accomplishes this:

In file do_test.cpp

// Use of typical do statement

#include <iostream>
using namespace std;

int main() {
int sum = 0, n;

cout << "\nYou must enter 10 positive integers";
for (int i =0; i < 10; ++1) {
// loop until a positive integer is entered

do {
cout << "\nEnter a positive integer: ";
cin >> n;

} while (n <= 0);
sum = sum + n;

}

cout << "Sum of 10 positive numbers s
<< sum << endl;

}

The user is prompted for a positive integer. A negative or zero value causes the loop to
be executed again, asking for another value. Control exits the inner do loop only after a
positive integer has been entered.

2.8.7 The break and continue Statements

In C++, the break and continue statements are used to interrupt ordinary iterative
flow of control in loops. In addition, the break statement is most importantly used
within a switch statement, which can select among several cases. To interrupt the nor-
mal flow of control within a loop, the programmer can use the two special statements

break; and continue;
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The following example illustrates the use of a break statement. A test for a negative
value is made. If the test is true, the break statement causes the for loop to be exited.
Program control jumps to the statement immediately following the loop.

for (i =0; i < 10; ++i) {
cin >> Xx;
if (x < 0.0) {
cout << "Al1l done" << endl;
break; // exit loop if value is negative

}

cout << sqrt(x) << endl;

}

// break jumps to here

In this use of a break statement, a special condition is tested for inside the loop and if
met, the loop is exited.

The continue statement causes the current iteration of a loop to stop and causes the
next iteration of the loop to begin immediately. The following code processes all charac-
ters except digits:

for (i = 0; i < MAX; ++i) {

cin.get(c);
if (isdigit(c)) {

cout << C; // echo digit

----- // do more stuff

continue; // terminate current iteration
}

// process other characters
count_non_digits++;
----- // do more stuff

When the continue statement is executed, control jumps to just before the closing
brace, causing the loop to begin execution at the top again. Notice that the continue
statement ends the current iteration, whereas a break statement would end the loop.

A break statement can occur only inside the body of a for, while, do, or switch state-
ment. The continue statement can occur only inside the body of a for, whiTe, or do
statement.

2.8.8 The switch Statement

The switch statement is a multiway conditional statement generalizing the if-else
statement. The general form of the switch statement is given by

switch (condition)
statement
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where statement is typically a compound statement containing case labels, and option-
ally a default label. Typically, a switch is composed of many cases, and the condition
in parentheses following the keyword switch determines which, if any, of the cases are
executed.

A case label is of the form

case constant integral expression:

In a switch statement, each case label must be unique. Typically, the action taken after
each case label ends with a break statement. If there is no break statement, execution
falls through to the next statement in the succeeding case or default. If no case label
is selected, control passes to the default label, if there is one. No default label is
required, but including one is recommended. If no case label is selected, and if there is
no default label, the switch statement is exited. The keywords case and default can-
not occur outside a switch. To detect errors, include a default, even when all of the
expected cases have been accounted for.

The Effect of a switch Statement

1. Evaluate the integral expression in the parentheses following switch.

2. Execute the case label having a constant value that matches the value of the
expression found in step 1. If no match is found, execute the default label. If
there is no default label, terminate the switch.

3. Terminate the switch when a break statement is encountered, or by falling
off the end.

The following switch statement replaces the earlier if-else nested statement in the
program if_test.cpp.

In file switch_test.cpp

// Program for printing out grade meanings

#include <iostream>
using namespace std;

int main()
{
int grade; // from @ to 100
char letter_grade = 'Z'; // A, B, C, D, F, or Z

cout << "Enter Your Number Score:" << endl;
cin >> grade;
grade = (grade > 100) ? -1 : grade;
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switch (grade/10) {

case 10: cout << " First in Class!\n";
lTetter_grade = 'A';
break;

case 9: cout << Congratulations!\n";
letter_grade = 'A';

break;

case 8: cout << " Very Good\n";
letter_grade = 'B';
break;

case 7: cout << " Okay\n";
letter_grade = 'C';

break;

case 6: cout << " Work harder\n";
letter_grade = 'D';
break;

case 5: case 4: case 3: case 2: case 1: case 0:
cout << " Sorry you failed\n";

letter_grade = 'F';
break;
default: cout << " Not a recognizable grade"

<< endl;

}

cout << "Your grade was

<< letter_grade
<< endl;

Dissection of the switch_test Program

= switch (grade/10) {

The switch expression must be an integral expression. The various
cases are a selection of the possible values computed here. In this
case, the expression should evaluate to the integers from 0 to 10.
Other values are considered illegal.

= case 8: cout << " Very Good\n";
letter_grade = 'B';
break;

A typical case: The case label is followed normally by one or more
actions and ended by the break statement. A switch case can be
written without a break, but this is a dangerous practice. In that
instance, there is a falling through to the next case. This logic can be
confusing: It can result in error-prone, unmanageable code.



Ira Pohl’s C++ by Dissection 2.9 Software Engineering: Debugging 62

m case 5: case 4: case 3: case 2: case 1: case 0:

cout << Sorry you failed\n";
letter_grade = 'F';
break;

It is permissible to have a series of case labels. Here, the program
gives the same grade for scores less than 60.

» default: cout << " Not a recognizable grade"
<< endl;

}

The default case usually takes care of irregular or illegal values.

2.89 The goto Statement

The goto statement, the most primitive method of interrupting ordinary control flow, is
an unconditional branch to an arbitrary labeled statement in the function. The goto
statement is considered a harmful construct in most accounts of modern programming
methodology. Thus, the statement can undermine all of the useful structure provided
by other flow of control mechanisms (for, while, do, if, and switch).

A label is an identifier. By executing a goto statement of the form

goto label;

control is unconditionally transferred to a labeled statement.

label: statement

Both the goto statement and its corresponding labeled statement must be in the body
of the same function. In general, goto should be avoided.

2.9 Software Engineering: Debugging

Getting your code to work correctly is a crucial skill. Much of software engineering is
about how to avoid or how to find errors. The general term for finding errors in pro-
gramming is debugging.

Correct choice and use of type is one of the programmer’s key techniques in avoiding
errors. Languages that are strongly typed are usually safer to program in than lan-
guages that are weakly typed. C is considered a weakly typed, and therefore error-
prone, language. C++ is a more strongly typed language than C but is less so than Java.
C++ allows many different types to be mixed together in expressions with various con-
versions happening silently.

A classic C or C++ error is an expression of the form
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double x, y = 2.5;
int i = 5;

X =y + 1/ 3;

cout << "x = << X << endl; // prints x = 3.5

when the programmer’s intention was to have i / 3.0. With the denominator being a
double the division would be double, and x would equal 4.13333. All C++ expressions
should be examined for suspicious conversions. Also, the programmer should test code
on some simple data for which the results are already known.

C++ has greatly improved on C’s primitive form of cast. In general, it is best to avoid
explicit casting, also known as coercion or conversion. Type logic is a safety check that
the compiler can perform statically to detect coding mistakes. However, if you must
cast, try to stay with the most benign form of conversion, static_cast<>. A true, por-
table conversion is performed. At the other end of the spectrum is
reinterpret_cast<>, with nonportable, system-dependent effects. This cast should
be avoided.

C++ has changed C’s rule on where declarations can occur. Use of local declarations is
allowed in the for loop, for example. Because these rules have changed in C++ since its
introduction in 1985, some legacy code is wrong and must be updated to conform to
ANSI rules. In earlier compilers, variables that were declared in the initializer-statement
part of the for statement had scope that extended beyond the for statement. This dec-
laration would be in conflict with the same variable name declared at the head of the
block.

It is perfectly acceptable to declare simple variables, including variables used for loop-
ing, at the head of a block, most likely the beginning of a function definition. Following
this advice yields code that works in both C and C++. For example, here is an iterative
version of the Fibonacci function:

In file fibonacci_1.c

// Fibonacci series compatible with C

unsigned fibonacci(unsigned n)

{
unsigned i, sum = 0, fo = 0, f1l = 1;
for (i =0; i <n - 1; ++1) {
sum = fO0 + f1;
fo = f1;
fl = sum;
ks
if (n > 1)
return sum;
else
return n;
3

Using the fact that declarations are allowed in the for-init-statement we recode this pro-
gram as follows:
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In file fibonacci_2.cpp

// Idiomatically correct C++
// Fibonacci series incompatible with C
// Code follows the rule of smallest enclosing scope

unsigned fibonacci(unsigned n)

{

unsigned sum = 0;

for (unsigned i = 0, f0 = 0, fl=1; i < n-1; ++i) {
sum = fO0 + f1;
fo = f1;
fl = sum;
}
if (n > 1)
return sum;
else
return n;

Dissection of the fibonacci Program

= unsigned fibonacci(unsigned n)

By using unsigned, we get a larger range of integer values that can be
correctly calculated without causing overflow.

w {

unsigned sum = 0;

for (unsigned i=0, f0=0, f1l=1; i < n-1; ++1) {

In this version of fibonacci (), we have declarations both at the
head of the block and inside the for statement. It is usual to declare
and initialize the loop counter variable i as the first part of a for
statement.

s if (n > 1)
return sum;
else
return n;

The variable sum was declared outside of the for loop because the
return statement is outside of the for loop.

Notice what happens if we make the following coding error:
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In file fibonacci_3.cpp
// ERROR because of scopes

unsigned fibonacci(unsigned n)

{

unsigned sum;

for (unsigned i=0, f0=0, fl=1, sum=0; i<n-1; ++i){
sum = fO0 + f1;
fo = f1;
fl = sum;
}
if (n > 1)
return sum;
else
return n;

}

In this last piece of code, an error was introduced by initializing sum in the for loop.
This declares a second variable sum because it is interpreted by the compiler as part of
the list of variables declared following the keyword unsigned. The program compiles
and runs, but with system-dependent results, because there are two sum variables in
fibonacci (). The variable sum declared at the head of the block is not initialized, and
its value is the one that gets returned.

2.10 Dr.P's Prescriptions

= Use parentheses to make expressions readable.

= Use one statement to a line, except very short statements that are conceptually
related, which can be on the same line.

= A compound statement brace comes on the same line as its controlling condition. Its
matching terminating brace is lined up under the initial letter of the keyword start-
ing the statement. A function body is a compound statement and starts on its own
line.

= Everything after the opening (left) brace is indented a standard number of spaces—
for example, as in this text, three spaces. The matching, closing (right) brace causes
subsequent statements to be lined up under it.

= Global statements or declarations start in column 1.

= For readability, a space is added after each token, except for the semicolon and
unary operators.

= Declarations at the head of a block are followed by a blank line.

= Parenthesize the return expression whenever it is not a simple expression.
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= The return from main() of the integer constant 0 is considered implicit. The prac-
tice of explicitly returning 0—or not—is discretionary.

= To detect errors, include a default in the switch statement, even when all the
expected cases have been accounted for.

= Avoid side-effect operators, such as ++, in complex expressions, unless they are
used in a known idiomatic style.

= Use prefix increment and prefix decrement in preference to postfix when either can
be used.

= Avoid casting expressions.
= When possible, use the break or continue statement, rather than a goto.

These spacing and layout guidelines conform to standard industry practice and are
used to enhance readability. For example, a uniform indentation standard makes it eas-
ier to follow flow of control. One statement to a line gives adequate white space for easy
readability.

Parentheses in expressions can be used to aid clarity by making grouping and prece-
dence clear. For example, if the return expression statement is complicated, it should be
parenthesized for readability. Within expressions, spaces around operators make them
easier to read. Parentheses clarify associativity and precedence in expressions where
these can be difficult to follow. They can also aid readability.

It is customary in C, and usual in C++, to place an opening brace on the same line as the
starting keyword for a statement, such as an if or for. The closing brace lines up with
the first character of this keyword. In the ALGOL and Pascal community, the practice
was to put the equivalent to braces (begin - end tokens) on their own line, which is also
acceptable. Whichever brace policy is adopted should be adhered to by the entire pro-
grammer team at a project or company.

Starting global statements and preprocessing directives in column 1 is consistent with
historic practice, where in the earliest C systems, preprocessor directives had to be in
column 1. Also, because of indentation and rest-of-line comments, this gives the most
room to neatly lay out code.

The function main() is an integer function with the return value being passed to the
system. Zero indicates correct termination and is implicitly assumed. Historically, it was
required explicitly, so contemporary practice is to have a return 0 inside main(). The
ANSI committee endorses the new practice of not requiring it. Either practice is accept-
able, but be consistent.

Write short function definitions. Keeping all declarations at the head of such blocks
makes it easy to see what variables the function employs. These declarations should be
separated for visual clarity from executable statements that follow them.

As previously mentioned, using both the prefix and postfix increment operators can be
confusing. Stick to prefix most of the time. The same applies to the decrement
operators. Avoid multiple use of these operators on the same variable within the same
expression or statement, because the various increments, and when they occur, can be
easily misunderstood. One reason for staying with prefix is that they can sometimes be
more efficient than postfix on nonnative types.
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In general, avoid casting. When using casts, try to use only the static_cast<>, as itis
the safest of the casts. While casts can be convenient and efficient shortcuts in code,
they are error-prone and often system-dependent.

The goto is unnecessary in C++. Other structured flow of control statements can better
be used to maintain clear flow of control. In many instances, break and continue state-
ments can be used. These also can be avoided by properly constructing if-else state-
ments.

2.11 C++ Compared with Java

The primitive types in a Java program can be boolean, char, byte, short, int, Tong,
float, and double. These types are always identically defined regardless of the
machine or system they run on. For example, the int type is always a signed 32-bit inte-
ger, unlike in C++, where int can vary from system to system. The booTlean type is not
an arithmetic type and cannot be used in mixed arithmetical expressions. The char type
uses 16-bit Unicode values. The byte, short, int, and lTong are all signed integer
types, with length in bits of 8, 16, 32, and 64, respectively. Unlike in C++, unsigned
types are not provided. The floating types comply with IEEE754 standards and are
float, a 32-bit size, and double, a 64-bit size.

Java has the same basic set of operators as C++, with a few exceptions. For example,
Java does not have the comma operator, scope resolution operator, or delete operator.
Java added two operators: the instanceof and >>> operators.

The flow of control statements—if, if-else, while, for, and switch—available to
C++ are also available in Java. Although goto is a reserved word in Java, the goto state-
ment was not implemented. However, Java extended the break and continue state-
ments so that they can use labels.

We write a program, Moon, to convert to kilometers the distance in miles from Earth to
the Moon. In miles, this distance is, on average, 238,857 miles. This number is an inte-
ger. To convert miles to kilometers, we multiply by the conversion factor 1.609, a real
number. Our conversion program uses variables capable of storing integer values. The
variables in the following program are declared in main(). Java cannot have variables
declared as extern (in other words, as global or file scope variables).

In file Moon.java

// Distance to the moon converted to kilometers
public class Moon {
public static void main(String[] s) {
int moon = 238857;
int moon_kilo;
System.out.printin("Earth to moon = " + moon + " mi.");
moon_kilo = (int) (moon * 1.609);
System.out.printin("Kilometers =

+ moon_kilo +" km.");
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The output of the program is

Earth to moon = 238857 mi.

KiTlometers = 384320 km.

Dissection of the Moon.java Program

= int moon = 238857;

Variables of type int are signed 32-bit integers. They can be initial-
ized as in C.

s System.out.println("Earth to moon = " + moon

+ " mi.");
The printin() method prints a string. Either the string is a given lit-
eral string, or it is a string expression formed by concatenation. Here,
the value of moon is printed as an integer. The symbol + represents
string concatenation. By using the addition operator, printin() can
print a list of arguments. Each nonstring argument is converted from
its specific type to an output string that is concatenated together and
printed along with a newline character.

s moon_kilo = (int) (moon * 1.609);

The mixed expression moon * 1.609 is a double and must be explic-
itly converted to int. Java cast operators are notationally the same as
in C, namely, (type).

Note that narrowing conversions that are implicit in C++ are not done in Java. Java, in
this case, is more type-safe than C++. Also, in Java, all the primitive types are implemen-
tation-independent. So, numerically, a Java program gets the same answer regardless of
the system it is running on. C++ continues C’s tradition of having implementation-
dependent choices of primitive types, so as to optimize performance on a given
machine.
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Summary

This summary emphasizes, in order of appearance, changes and differences from C in
the C++ language.

C++ comments include the // rest of line comment while retaining the multiline
bracketed comments of C /* comment here */.

C++ has many new tokens not found in C. In the keyword list in Section 2.1.2, Key-
words, on page 27, there are 63 keywords, compared to 29 in C. New types include
bool and wchar_t. New operators exist in C++, such as the free-store operators new
and delete, and the scope resolution operator : :. New constructs exist, such as
exception handling, which uses throw, catch, and try. Object-building keywords
include class, private, public, and protected.

C++ has the new native types bool and wchar_t and literals appropriate to each
type.

The new ANSI header file names, such as iostream, are embedded in the namespace
std. In these cases, the construct using namespace std; allows access to the
names in this library without the need for scope-resolved names, such as
std::cout.

At the conclusion of the execution of main(), there is an implicit return 0. Thus, it
is proper C++ style to omit writing this explicitly, as is required by C.

C++ relies on an external standard library to provide input/output. The information
the program needs to use this library resides in the iostream.h or the iostream file.
This library is type-safe and requires no formatting specifications, as found in C’s
use of printf() and scanf(). In C++, a typical output expression is

cout << expressionl << expression? << endl;

Note that cin and cout are not keywords. They are identifiers used in a standard
library. They should not be declared for other use.

In addition to implicit conversions, which can occur across assignments and in
mixed expressions, there are explicit conversions, called casts. New keywords intro-
duced in C++, modern casts are static_cast, reinterpret_cast, const_cast, and
dynamic_cast. Old-style C casts (type) should be avoided.

The keyword enum is used to declare a distinct integer type with a set of named inte-
ger constants, called enumerators. In C++, the enumerator tag name is automatically
a user-defined type.

Both C++ and C have assignment, procedure, transfer, conditional, selection, and
iterative statements. Two important differences are (1) C++ uses bool expressions
to control flow of control statements; and (2) C++ allows declarations as statements
instead of just being at the head of blocks or global.

The general form of a for statement is different from that in C.

for (for-init-statement; condition; expression)
statement
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First, the for-init-statement is evaluated and may be used to initialize variables used
in the loop. Then condition is evaluated. It is of type bool. If it is true, statement is
executed, expression is evaluated, and control passes back to the beginning of the
for loop again, except that evaluation of for-init-statement is skipped. This iteration
continues until condition is fa'lse, whereupon control passes to the next statement.
The for-init-statement can be an expression statement or a simple declaration. Where
it is a declaration, the declared variable has the scope of the for statement.

for (int i = 0; i < N; ++1)
sum += a[i]; // sum a[@] + ----- + a[N - 1]

The semantics are that the int variable i is local to the given loop. This form of
local declaration is not possible in C.

Review Questions

1.

2.

8.

9.

A type in C++ that C and early C++ does not have is .

Three keywords in C++ that are not in C are , , and . Describe their use as
far as you currently understand it.

. What token does the new comment style in C++ involve? Why should it be used?

. What two literal values does the bool type have? Can they be assigned to int vari-

ables? With what result?

. What is the distinction between static_cast<> and reinterpret_cast<>? Which

is the more dangerous? Why?
C++ uses the semicolon as a statement .
The general form of a for statement is

for (for-init-statement; condition; expression)
statement

There are two important differences between the C++ for and the C for. What are
they? Explain with an example.

The goto should ___ be used.

What happens when the condition part of the for statement is omitted?

10.1It is customary in C++, to place an opening brace line as the starting keyword

for a statement, such as an if or for. The closing brace of this keyword.
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Exercises

1. Rewrite the gcd () function from Section 2.3, Program Structure, on page 34, with a
for loop replacing the while loop.

2. Write a program that finds the maximum and minimum integer value of a sequence
of inputted integers. The program should first prompt the user for how many values
will be entered. The program should print this value out and ask the user to confirm
this value. If the user fails to confirm the value, she must enter a new value.

3. Short-circuit evaluation is an important feature. The following code illustrates its
importance in a typical situation:

// Compute the roots of: a * X * X + b * X + C

cin >> a > b > c;

assert(a != 0);

discr =b *b -4 * a * c;

if (discr == 0)
rootl = root2 = -b / (2 * a);

else if ((discr > 0) && (sqrt_discr = sqrt(discr))) {
rootl = (-b + sqrt_discr) / (2 * a);
root2 = (-b - sqrt_discr) / (2 * a);

}

else if (discr < 0) { // complex roots

The sqrt () function would fail on negative values, and short-circuit evaluation pro-
tects the program from this error. Complete this program by having it compute
roots and print them out for the following values:

a=10,b=4.0, c=3.0
a=10,b=2.0, c=1.0
a=10,b=10, c=1.0

4. Use the complex library to provide the C++ complex number type, and rewrite the
preceding root-finding program to print out roots as complex numbers when appro-
priate. Compare this to a C implementation. In ANSI C++, use #include <complex>.
In the main program, declare such variables as

complex<double> rootl, root2; // template type

5. What does the following program print? The last expression will cause an error on
most machines.
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// What is printed?
int main(Q)
{
char c = 'A';
int i=3, jJ=1, m=
bool p = false, q = tru
cout << c << " 1is 1intege
<< " and !'"A' is "
cout << "i =" << i << "
cout << "4 "o<< 114
<< endl;
cout << "p =" << p << "
cout << "lp =" << Ip <<
<< endl;
cout << "I'(i + 3D ||l m=
<< endl;
cout << "q [| (3 / m) =
<< endl;
cout << "(j / m) || q =
<< endl;
}
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6. The C++ switch statement allows two or more cases to be executed for the same
value by allowing the code to fall through.

switch (i) {
case 0Q: case 1:
++hopeless;
case 2: case 3:
++weak;
case 4: case 5:
++fails; break;
case 6: case 7:
++c_grades; break;
case 8:
++b_grades; break;
case 9:
++a_grades; break;
default:
cout << "incorrect grade

//

}

Hand simulate this statement for i
ments.

fall through

<< 1 << endl;

equals 1. Write the equivalent if-else state-

(George Belotsky) Rewrite the if_test program to avoid printing the Z grade. First, it is

possible to print just the letter grade along with the descriptive message in every if
clause. This will prevent the Z grade from being printed. Another alternative is to
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10.

11

12.

13.

wrap the final output in an if statement that ensures the grade is not Z before
printing. A common variant of the last alternative is to use a boolean variable as a
flag to decide whether or not to print.

. Use sizeof to determine the number of bytes each of the following requires on your

local system: boo'l, char, short, int, Tong, float, double, and Tong double. Also
do this for the enumerated types

enum bounds { 1b = -1, ub = 511 };
enum suit { clubs, diamonds, hearts, spades };

. Write a program to convert from Celsius to Fahrenheit. The program should use

integer values and print integer values that are rounded. Recall that zero Celsius is
32 degrees Fahrenheit and that each degree Celsius is 1.8 degrees Fahrenheit.

Write a program that prints whether water at a given Fahrenheit temperature would
be solid, liquid, or gas. In the computation, use an enumerated type:

STMP, Tiquid = LTMP,

enum state { solid =
= GTMP };

gas

.Write a program that accepts either Celsius or Fahrenheit and produces the other

value as output. For example, input 0C, output 32F; input 212F, output 100C.
Simplify the following code:

for (sum =i =0, j =2, k =1+j; i <10 || k < 15;
++1, ++J, ++k)
sum += (i < j)? k : 1;

Remember that comma expressions are sequences of left-to-right evaluations, with
each comma-separated subexpression evaluated in strict order.

In the C world, more flexible file I/O is available by using the FILE declaration and
file operations found in stdio. The C++ community uses fstream, as discussed in Sec-
tion 9.5, Files, on page 375. Familiarize yourself with this library. Convert the gcd
program in Section 2.3, Program Structure, on page 34, to use fstreams. The pro-
gram should get its arguments from the command line, as in

gcd gcd.dat gcd.ans
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14.

15.

16.

17.

18.

19.

20.

The following code prints 100 random numbers:
int main()
{
int how_many = 100;
cout << "Print " << how_many
<< " random integers." << endl;
for (int i = 0; i < how_many; ++i)
cout << rand() << '"\t';
cout << endl;
}

Add code that determines average, maximum, and minimum values generated. Note
that the rand () function is found in the C stdlib library.

Alter the previous program to ask the user how many numbers should be generated.
Have this be an outer loop. Exit this program when the user answers with zero or a
negative number.

The constant RAND_MAX is the largest integer that rand () generates. Use RAND_MAX/
2 to decide whether a random number is to be heads or tails. Generate 1,000 ran-
domly generated heads and tails. Print out the ratio of heads to tails. Is this a rea-
sonable test to see whether rand() works correctly? Print out the size of the longest
series of heads thrown in a row.

The conditions in selection and iterative statements can be declaration statements,
such as if (bool d = test()) ...., where scope is restricted to the statement.
Write a program that tests whether your compiler conforms to this latest ANSI rule
change.

Rewrite fibonacci (), found in Section 2.9, Software Engineering: Debugging, on
page 64, as a recursive function. Test it against the iterative form to see which is
faster. Useful timing functions can be found in the ctime library.

(Java) Rewrite the convert from Celsius to Fahrenheit program in exercise 9 on page
73, in Java.

(Java) Rewrite the C++ Fibonacci program in Section 2.9, Software Engineering:
Debugging, on page 64, in Java. Have it print out the first 40 Fibonacci numbers.
Investigate the for loop scope rules in Java.
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This chapter focuses on functions, pointers, and arrays. It continues a discussion
from Chapter 2, Native Types and Statements, on how to program classically in C++. In
C++, a primary unit for structuring a program is the function. Aggregate data in C++ are
either arrays or structures. In both cases, a pointer type is used as a mechanism for
accessing such data.

C++ has C at its core.

3.1 Functions

A programmer can solve a simple problem in C++ with a single function. More difficult
problems can be decomposed into subproblems, each of which can be either coded
directly or further decomposed. Decomposing difficult problems until they are directly
codable as single C++ functions is the software engineering method of stepwise refine-
ment. The function construct in C++ is used to write code for these directly solvable
subproblems. These functions are combined into other functions and are ultimately
used in main() to solve the original problem.
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The function mechanism is provided in C++ to perform distinct programming tasks.
Some functions, such as strcpy () and rand(), are provided by libraries; others can be
written by the programmer. C++ has default arguments, function overloading, and inlin-
ing of functions, features not available in C.

3.2 Function Invocation

A C++ program is made up of one or more functions, one of which is main(). Program
execution always begins with main (). When program control encounters a function
name, the function is called, or invoked. This means that program control passes to the
function. The place at which a function is called is known as its calling environment.
After the function does its work, program control is passed back to the calling environ-
ment, which continues execution from that point.

WAR ROOM

The pressure is getting to him. He doesn't want to get called.

As a simple example, consider the following program, echo, which uses the string
library and echoes an input word.

In file echol.cpp

#include <iostream>
using namespace std;

void echo(const string message)

{
}

cout << message << endl;

int main(Q)

{

string word;

cout << "Enter your word: ";
cin >> word; // reads to white space
echo(word) ;


http://www.cse.ucsc.edu/~pohl/C++BD/03Chap/echo1.cpp
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If the word entered is taxonomy, the following appears on the screen:

Enter your word: taxonomy

taxonomy

Dissection of the echo Program

= void echo(const string message)

{
}

This very simple function performs the action of printing out a mes-
sage and advancing to a new line on the screen. The keyword void as
the function return type means no value is expected back from this
function. A function without a return value is called a pure procedure.
The const keyword indicates that the string message will not be
modified by echo (). A discussion of this use of const is given in Sec-
tion 3.15, Reference Declarations, on page 103.

cout << message << endl;

= string word;
cout << "Enter your word: ";
cin >> word; // reads to white space

The string type is found in the standard library but is not a native
type. The user is prompted for the word that is to be echoed. The
word is read in after the user hits the enter key.

= echo(word);

At this point, the function main() calls, or invokes, the function
echo(). Echo has as a parameter the variable word. The code defined
by the echo () function is executed at this point using the variable
word’s value.

7
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3.3 Function Definition

The C++ code that describes what a function does is called the function definition. Its
form is

function header

{
}

Everything before the first brace makes up the header of the function definition, and
everything between the braces makes up the body of the function definition.

Statements

In its simplest form, the syntax of a function header is

type name(parameter-declaration-list)

The type specification that precedes the function name is the return type and deter-
mines the type of the value that the function returns, if any. We will see more involved
functions headers in Section 10.7, Exception Specification, on page 408.

In the function definition for echo () in the echo program, the parameter list has one
parameter. The body of the function consists of a block. Because the function does not
return a value, the return type of the function is void.

Parameters are syntactically identifiers, and they can be used within the body of the
function. The parameters in a function definition are called formal parameters to
emphasize their role as placeholders for the values that are passed to the function
when it is called. When the function is invoked, the value of the argument correspond-
ing to a formal parameter is used within the body of the executing function. These
parameters are call-by-value, meaning that only the values from the calling environment
are passed, and not the variables themselves. This implies that if the called function
changes the value of its formal parameters, the variables in the calling environment
remain unchanged.

C++ functions can have declarations at the head of the block or elsewhere, as long as
the variable is declared before its use. This differs from C, where variable declarations
must be at the head of a block. So in the echo program, main() could have been written
as

In file echo2.cpp

int main()

{
cout << "Enter your word: ";
string word; // place declaration near 1its use
cin >> word;
echo(word) ;
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In ANSI C++, the empty parameter list is always equivalent to using void. Thus, main()
is equivalent to main(void). The function main() implicitly returns the integer value 0
if no explicit return expression statement is executed.
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Hey, I'm not a blockhead! I'm the head { } of a block.”

3.4 The return Statement

The return statement is a flow of control statement. When a return statement is exe-
cuted, the current function terminates, and program control is immediately passed
back to the place where the function was invoked. In addition, if an expression follows
the keyword return, the value of the expression is returned to the calling point as well.
This value must be assignment-convertible to the return type of the function definition
header.

A return statement has one of the following two forms:

return;
return expression;

Some examples are

return;
return (a + b);

Using parentheses in the return expression is optional, a stylistic device that some pro-
grammers use to enhance readability. Here is an example used to find the maximum of
two values:

int maximum(int valuel, 1int value2)
{
if (valuel > value2)
return valuel;
else
return value2;
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Notice how there are two return expressions. Some programming experts prefer that
there be only one exit to a function. This is to simplify flow of control analysis of the
program. We can rewrite the preceding code and avoid using two returns:

int maximum(int valuel, 1int value2)

{ -
int answer;
if (valuel > value2)
answer = valuel;
else
answer = value2;
return answer;
ks

This makes the program longer and less efficient by requiring an additional variable
answer to be allocated and assigned. We can rewrite the preceding code and avoid this
inefficiency by using the conditional operator:

int maximum(int valuel, 1int value2)

{
}

Note that the return value from int main() is a special case. Modern C++ does not
require a return statement from this int function but instead acts as if return 0 is the
last statement in main() .

return (valuel > value2 ? valuel : value?);

3.5 Function Prototypes

The syntax of functions in C++ is type-safe, with the types of parameters listed inside
the header parentheses. By explicitly listing the type and number of arguments, strong
type-checking and assignment-compatible conversions are possible.

A function can be declared before it is defined. It can be defined later in the file or come
from a library or user-specified file. Such a declaration is called a function prototype and
has the general form

type name (argument-declaration-list) ;

The argument-declaration-list is typically a comma-separated list of types. If a function
has no parameters, the preferred style for such an empty parameter list is
function_name(). The function’s argument list can include the argument identifiers.
This information allows the compiler to enforce type compatibility. Arguments are con-
verted to these types as if they were following rules of assignment.

The use of the empty parameter list differs from that in traditional C, in which an
empty parameter list can indicate an unknown number of arguments. Frequently, C pro-
grammers indicate an empty parameter list by using function_name(void). In C++, the
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empty parameter list is the same as the use of void. We used in the echo program the
function echo (). Its prototype in main() would be

void echo(string);

Both the function return type and the argument-list types are explicitly mentioned. The
definition of echo () that occurs in the file must match this declaration. The function
prototype can also include the identifier names of the arguments. In the case of echo(),
this is

void echo(const string message);

C++ uses the ellipsis symbol ( ... ) for an unspecified argument list. The stdio function
printf() is declared as the prototype:

int printf(const char* cntrl_str, ...);

Such a function can be invoked on an arbitrary list of parameters. This practice should
be avoided because of loss of type-safety. Type-safety is when the compiler checks that
appropriate values are used in an expression. The ellipsis deliberately avoids this check
and places the onus on the programmer to provide correct arguments.

3.6 Call-By-Value

Functions are invoked by writing their name and an appropriate list of arguments
within parentheses. These arguments match in number and type (or compatible type)
the parameters in the parameter list in the function definition. The compiler enforces
type compatibility. The basic argument-passing mechanism inherited from the C lan-
guage is call-by-value. That is, each argument is evaluated and its value is used locally in
place of the corresponding formal parameter. Thus, if a variable is passed to a function,
the stored value of that variable in the calling environment will not be changed. Here is
an example that clearly illustrates the concept of call-by-value:

In file compute_sum.cpp

#include <iostream>
using namespace std;

int compute_sum(int n) // sum from 1 to n
{ -
int sum
for ( ; n
sum +=
return sum;

0;
@; --n) // value of n is changed

S VoI
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int main()

{
int n =3, sum;
cout << n << endl; // 3 is printed
sum = compute_sum(n);
cout << n << endl; // 3 is printed
cout << sum << endl;

}

Even though n is passed to compute_sum() and the value of n in the body of that func-
tion is changed, the value of n in the calling environment remains unchanged. It is the
value of n that is being passed, not n itself.

This call-by-value mechanism is in contrast to that of call-by-reference. In Section
3.14.2, Pointer-Based Call-By-Reference, on page 100 we explain how to accomplish call-
by-reference using pointers. In Section 3.14.2, Reference Declarations, on page 102, we
show how to achieve call-by-reference using reference declarations. Call-by-reference is
a way of passing addresses (references) of variables to a function that then allows the
body of the function to make changes to the values of variables in the calling environ-
ment.

Function invocation with call-by-value means:

1. Each expression in the argument list is evaluated.

2. The value of the expression is converted, if necessary, to the type of the for-
mal parameter, and that value is assigned to its corresponding formal param-
eter at the beginning of the body of the function. This means a local copy is
made.

3. The body of the function is executed using the local copy of the parameter.

4. If a return statement is executed, then control is passed back to the calling
environment.

5. If the return statement includes an expression, then the value of the expres-
sion is converted, if necessary, to the type given by the type specifier of the
function, and that value is passed back to the calling environment, too.

6. If the return statement does not include an expression, then no useful value
is returned to the calling environment.

7. If no return statement is present, then control is passed back to the calling
environment when the end of the body of the function is reached. No useful
value is returned.

8. All arguments are passed call-by-value. A change in the value of the local copy
does not affect the passed in arguments value.
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3.7 Recursion

A recursive function calls itself as part of its definition. A simple recursive function has
two main parts: the base-case part, where it computes a value and terminates, and the
recursive part, where it calls itself. Recursion is often used to define mathematical func-
tions, such as the factorial function. Having recursive functions in C++ allows the pro-
grammer to use a simple code body to define these functions.

In file factorial.cpp

// Recursive factorial function

Tong factorial(int n)

{
if (n <= 1)
return 1;
else
return n * factorial(n - 1);
}

Notice how the recursive call is with the expression n - 1. This guarantees that the
function factorial () terminates. Each recursion reduces the called expression by 1
until the termination condition n <= 1is true. In running this computation, be aware
that for even relatively small values of n (such as 13), the computation fails because of
integer overflow.

Let us look at another simple example of recursion:

In file blast_off.cpp

// Recursive blast_off function

void count_down(unsigned int n)

{
if (n <= 0)
cout << "BLAST OFF" << endl;
else {

cout << "Count_down at time
count_down(n - 1);

<< n << endl;
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If count_down(5) were executed, the output would be:

Count_down
Count_down
Count_down

Count_down
Count_down
BLAST OFF

A pseudocode prescription for writing a simple recursion is
// base-case part

if (base-case condition)
return base-case computed value;

// general case as a recursion

else
return recursively computed expression;

The greatest common divisor of two integers is recursively defined in pseudocode as
follows:

GCD(m,n) 1s:
if m modulo n equals @ then n;
else GCD(n, m mod n);

Recall that the modulo operator in C++ is %. To test your understanding, do exercise 4
on page 133.

3.8 Default Arguments

A formal parameter can be given a default argument, usually a constant that occurs fre-
quently when the function is called. Use of a default argument saves writing this default
value at each invocation. The ability to provide default values to arguments does not
exist in C or Java.

The default argument is placed in the function header by using initializing syntax
within the argument list for one or more of its right-most parameters. Here are some
examples:
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// Function headers with default arguments

void print_banner(string s = "PohlsBerry Inc.");
int add_increment(int i, int increment = 1);
int echo(const string s, int how_many = 2);
int compute_age(int year, month mth,
int birth_year = 1989,
month birth_month = january);

In the case of print_banner(), we expect to mostly print the default string Poh1s-
Berry Inc. In the case of add_increment(), we expect to mostly add 1 to the argu-
ment substituted for i. In the case of echo (), we expect to repeat the argument string s
twice. In the case of compute_age (), we expect to mostly use it for someone born in
January 1989.

Where invoked, a function with a default argument can either substitute an actual argu-
ment for the default or omit the argument.

// Calls to the corresponding functions

void print_banner("Produced by ABC"); // not default

int add_increment(x); // default and 1 is added
int echo("Boo Hoo", n); // not default echo n times
int compute_age(2005, april); // both args default

int compute_age(2005, april, 1954); // 1 arg default

int compute_age(2005, may, 1954, july); // not default

The use of default values is a convenience. As a rule of thumb, use such a value when
the majority of the calls to a function involve the default value. An example might be a
printing function for printing authorship of the program. Because you are most likely
the author, it can make sense to use your own name for the default.

void author_ship(string date,
string version,

string programmer = "Albie B. Coder")
{
cout << programmer << endl;
cout << "Version Number is " << version << endl;
cout << date << endl;
}

Here are two calls with and without a programmer value:

author_ship("1/1/2005", "1.3");

// Albie B. Coder is the programmer
author_ship("1/1/2003", "2.7", "L.M.P.");

// L.M.P. 1is the programmer

Another example is the following recursive function:
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In file powers.cpp

int sqr_or_power(int n, int k = 2) // k=2 is default
{
assert(k > 1); // if false program aborts
if (k == 2)
return (n * n);
else
return (sqr_or_power(n, k - 1) * n);

}

We assume that most of the time the function is used to return the value of n squared.
The assert is discussed in Section 3.24.2, Software Engineering: Program Correctness,
on page 124.

sqr_or_power(i + 5) // computes (i + 5) squared
sqr_or_power(i + 5, 3) // computes (i + 5) cubed

Only trailing parameters of a function can have default values. This rule allows the com-
piler to know which arguments are defaulted when the function is called with fewer
than its complete set of arguments. The rule substitutes the explicit arguments for the
leftmost arguments and then uses defaults for any of the remaining contiguous unspec-
ified arguments. Some examples are

void foo(int i, int j = 7); // legal
void goo(int i = 3, int j); // illegal
void hoo(int i, int j = 3, 1int k = 7); // legal
void noo(int i, int j = 2, int k); // illegal

3.9 Functions as Arguments

Functions in C++ can be thought of as the addresses of the compiled code residing in
memory. Functions are therefore a form of pointer and can be passed as a pointer-value
argument into another function. Using this idea, we write code that prints n values of a
mathematical function f(x), starting at an initial value using a specific increment. This
plotting routine can be used to generate a function map that later is used to find prop-
erties of f(x), such as a root of the function f(x).

In file plot.cpp
double f(double x) { return (x * x + 1.0 / x); }

void plot(double fcn(double), double x@, double incr, int n)
{

for (int i = 0; i < n; ++1) {

cout << X " << x0 << " f(x) : " << fcn(x0@) << endl;
X0 += incr;
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int main()

{
cout << "mapping function x * x + 1.0 / x " << endl;
plot(f, 0.01, 0.01, 100);

Dissection of the plot Program

s double f(double x) { return ( x * x + 1.0 / x); }

This is a function that returns a double. The function has a single
argument that is also a double. Functions are considered pointer val-
ues. They are the addresses in memory that store the function’s code.
A pointer has a type. In this case, this is a function of one argument
that is double returning a doubTe.

= void plot(double fcn(double), double x0,
double 1incr, int n)

Notice that the first argument to plot() is a function of a specific
type. Functions as arguments are strongly typed. In this case, pTot ()
takes a function with one argument that is doubTe whose return type
is double.
s« for (int i = 0; i < n; ++i) {

cout << " x :" << x0

<< " f(x) : " << fcn(x@) << endl;
X0 += 1incr;

}

The heart of plot () is a loop that prints out at intervals of size incr
the value of the fcn() function.

= int main()

{
cout << "mapping function x * x + 1.0 / x "
<< endl;
plot(f, 0.01, 0.01, 100);
}

The plot() function is called with () inside main(), so there are
three layers of function call. First, main() is called. Inside main (), the
function plot () is called. Finally, inside the loop within plot(), the
function () is called repeatedly.
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3.10 Overloading Functions

Function overloading is the ability to have multiple definitions for the same function
name within the same scope. The usual reason for picking a function name is to indi-
cate the function’s chief purpose. Readable programs generally have a diverse and liter-
ate choice of identifiers. Sometimes different functions are used for the same purpose.
For example, consider a function that averages a sequence of double values versus one
that averages a sequence of int values. Both are conveniently named average(), as in
the following code. An overloaded function can be written in which there are distinct
argument lists. The list of arguments must differ in either type or number or both.

In file average.cpp

double average(const int size, int& sum)

{
int data;
cout << "\nEnter " << size << " integers: " << endl;
for (int i = 0; i < size; ++i) {
cin >> data;
sum += data;
}
return static_cast<double>(sum) / size;
}
double average(const int size, double& sum)
{
double data;
cout << "\nEnter " << size << " doubles: " << endl;
for (int i = 0; i < size; ++i) {
cin >> data;
sum += data;
}
return sum / size;
}

The following code shows how average () is invoked:

int main()

{
int isum = 0;
double dsum = 0.0;
cout << average(l0, isum) << " int average" << endl;
cout << average(l0, dsum) << " double average" << endl;
}

The compiler chooses the function with matching types and arguments. The signature-
matching algorithm gives the rules for performing this. By signature, we mean the list
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of types that are used in the function declaration. The rules for this match are very
detailed. We discuss them in more detail in Section 5.9, Overloading and Signature
Matching, on page 208. Conceptually, the algorithm picks the best available match.
Therefore, if the arguments are exactly matched to the signature, that is the match
selected. In the preceding code, the arguments exactly matched the two versions of the
overloaded function average().

It is important not to abuse this feature. Multiple functions with the same name can
often be confusing. It is not readily apparent to the programmer which version is being
called. The use of function overloading is good design when each version of the over-
loaded function conceptually performs the same computation. In the previous example,
the same computation of summing a sequence is done as discussed in Chapter 6, Tem-
plates and Generic Programming.

3.11 Inlining

The keyword inline can be placed at the beginning of a function declaration. It tells
the compiler to attempt to replace the function call by the function body code. This
avoids function call invocation. On most computers, this leads to a substantial speed-
up when executing simple functions. This speed improvement can come at the expense
of an increase in the size of the executable code.

In file inline.cpp

inTine double cube(double x)

{
}

The compiler parses this function, providing semantics that are equivalent to a nonin-
line version. Compiler limitations prevent complicated functions, such as recursive
functions, from being inlined.

return (x * x * x);

3.111 Software Engineering: Avoiding Macros

Macro expansion is a scheme for placing code inline that would normally use a function
call. The #define preprocessor directive supports general macro substitution, as in the
following:

#define SQR(X) (X)) * (X))

#define CUBE(X) (SQR(MXX)*(X))

#define ABS(X) (X <0 ?2 -0 X
QI;IéQR(t + 8) - CUBE(t - 8);
cout << sqrt(ABS(y));
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The preprocessor expands the macros and passes on the resulting text to the compiler.
So the preceding is equivalent to

y = ((t+8) * (t+8)) - (((t-8) * (t-8)) * (t-8));
cout << sqrt((((y) < @7? -(y) : y));

One reason for all the parentheses is to avoid precedence mistakes, as would occur in
the following:

#define SQR(X) X * X

y = SQR(t + 8); // expands to t + 8 * t + 8

Inlining makes you so much faster.

Macro expansion provides no type-safety as is given by the C++ parameter-passing
mechanism. Because the macro argument has no type, no assignment type conversions
are applied to it, as they would be in a function. Although careful definition and use of
macros can prevent such mistakes, C++ programmers avoid macro definitions by using
inlining for purposes of code efficiency. Macros using #define are a holdover from C
methodology.

3.12 Scope and Storage Class

The core language has two principal forms of scope: local scope and file scope. Local
scope is scoped to a block. Compound statements that include declarations are blocks.
Function bodies are examples of blocks. They contain a set of declarations that include
their parameters. File scope has names that are external (global). There are also class
scope rules, which are discussed in Section 4.6, Class Scope, on page 150. Every variable
and function in C++ has two attributes: type and storage class. The four storage classes
are automatic, external, register, and static, with corresponding keywords

auto extern register static
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The basic rule of scoping is that identifiers are accessible only within the block in which
they are declared. Thus, they are unknown outside the boundaries of that block. A sim-
ple example follows.

In file scope_test.cpp

// Examples of scope rules

#include <iostream>
using namespace std;

int b = 15; // file scope
int main(Q)
{
int a = 2; // outer block a
cout << a << endl; // prints 2
{ // enter inner block
int a = b; // inner block a
cout << a << endl; // prints 15
} // exit inner block
cout << ++a << endl; // 3 1is printed
}

Each block introduces its own nomenclature. An outer block name is valid unless an
inner block redefines it. If redefined, the outer block name is hidden, or masked, from
the inner block. Inner blocks may be nested to arbitrary depths that are determined by
system limitations. In the preceding example, there is a global variable b, which is avail-
able throughout the code. Similarly, the output stream identifier cout is available as it
is declared in the file iostream. The local variable a is declared in the outer block and
redeclared in the inner block. In the inner block, the inner declaration of a masks the
outer block variable a.

In C++, declarations can be almost anywhere in a block. An example shows this:

int max(int size)

{

cout << "Enter " << size << integers" << endl;
int comp, data;
cin >> comp;
for (int i = 1; i < size; ++i) { // declare i
cin >> data;
if (data > comp)
comp = data;
ks

return comp;

}

In C++, the scope of an identifier begins at the end of its declaration and continues to
the end of its innermost enclosing block.
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Even though C++ does not require that declarations be placed at the head of blocks, it is
frequently good practice to do so. Because blocks are often small, this practice provides
a good documentation style for commenting on their associated use.

Sometimes it is appropriate to declare variables later on in a block. One circumstance is
when placing declarations within blocks allows a computed or input value to initialize a
variable. A second circumstance is when large objects need to be allocated for a short
time toward the end of a block.

3.121 The Storage Class auto

Variables declared within function bodies are by default automatic, making automatic
the most common of the four storage classes. An automatic variable is allocated within
a block, and its lifetime is limited to the execution of that block. Once the block is
exited, the value of such a variable is lost. If a compound statement contains variable
declarations, these variables can be used within the scope of the enclosing compound
statement. Recall that a compound statement with declarations is a block.

Declarations of variables within blocks are implicitly of storage class automatic. The
keyword auto can be used to explicitly specify the storage class. An example is

auto int a, b, c;
auto float f = 7.78;

Because the storage class is automatic by default, the keyword auto is seldom used.

3.12.2 The Storage Class extern

One method of transmitting information across blocks and functions is to use external
variables. When a variable is declared outside a function at the file level, storage is per-
manently assigned to it, and its storage class keyword is extern. A declaration for an
external variable can look just like a declaration for a variable that occurs inside a func-
tion or a block. Such a variable is considered to be global to all functions declared after
it. On block exit or function exit, the external variable remains in existence. Such vari-
ables cannot have automatic or register storage class.

The keyword extern is used to tell the compiler “Look for it elsewhere, either in this
file or in some other file.” Thus, two files can be compiled separately. The use of extern
in the second file tells the compiler that the variable is to be defined elsewhere, either in
this file or in another one. The ability to compile files separately is important for writ-
ing large programs.

Since external variables exist throughout the execution life of the program, they can be
used to transmit values across functions. They may, however, be hidden if the identifier
is redefined. Another way to conceive of external variables is as being declared in a
block that encompasses the whole file.

Information can be passed into a function two ways: by external variables and by the
parameter mechanism. The parameter mechanism is the preferred method, although
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there are exceptions. This tends to improve the modularity of the code and reduce the
possibility of undesirable side effects.

Here is a simple example of using external declarations for a program that sits in two
separate files.
In file circle.cpp

const double pi = 3.14159;
doubTle circle(double radius)

{
}

return (pi * radius * radius);

In file circle_main.cpp

doubTle circle(double); // function of scope extern

int main(Q)

{
doubTle x;
cout << circle(x) << " 1is area of circle of radius "
<< X << endl;
}

With the GNU system, this is compiled as g++ circle.c circle_main.c.

The const modifier causes pi to have local file scope, so pi cannot be directly
imported into another file. When such a definition is required elsewhere, it must be
modified explicitly with the keyword extern.

3.12.3 The Storage Class register

The storage class register tells the compiler that the associated variables should be
stored in high-speed memory registers, provided it is physically and semantically possi-
ble to do so. Since resource limitations and semantic constraints sometimes make this
impossible, the storage class register defaults to automatic whenever the compiler
cannot allocate an appropriate physical register. Therefore, the register declaration
can be used in place of an automatic declaration.

When speed is of concern, the programmer may choose a few variables that are most
frequently accessed and declare them to be of storage class register. Common candi-
dates for such treatment include loop variables and function parameters. Here is an
example:

{
for (register i = 0; i < LIMIT; ++i) {

}
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The declaration register 1i; is equivalent to register int i;. If a storage class is
specified in a declaration and the type is absent, the type is int by default.

The storage class register is of limited usefulness. It is taken only as advice to the
compiler. Furthermore, contemporary optimizing compilers are often more astute than
the programmer.

3.12.4 The Storage Class static

Static declarations have two important and distinct uses. The more elementary use is to
allow a local variable to retain its previous value when the block is reentered. By con-
trast, ordinary automatic variables lose their value on block exit and must be reinitial-
ized. The second, more subtle use is in connection with external declarations and is
discussed below.

As an example of the value-retention use of static, we write a function that maintains
a count of the number of times it is called:

int fO
{

static int called = 0;

++called;

return called;

}

The first time the function is invoked, the variable called is initialized to 0. On func-
tion exit, the value of called is preserved. When the function is invoked again, called
is not reinitialized; instead, it uses its retained value from the previous time the func-
tion was called.

In its second, more subtle use, static provides a privacy mechanism that is very
important for program modularity. By privacy, we mean visibility or scope—restrictions
on otherwise accessible variables or functions.

This use restricts the scope of the function. Static functions are visible only within the
file in which they are defined. Unlike ordinary functions, which can be accessed from
other files, a static function is available throughout its own file but in no other. Again,
this facility is useful in developing private modules of function definitions. Note that in
C++ systems with namespaces, this mechanism should be replaced by anonymous
namespaces (see Section 3.12.5, Namespaces, on page 98).

// C scheme of file privacy using static extern
// C++ should replace this with anonymous namespaces

static int goo(int a)
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int foo(int a)

b = goo(a);
// goo() is available here but not in other files

In C++, the system initializes to 0 both external variables and static variables that are
not explicitly initialized by the programmer. Such variables include arrays, strings,
pointers, structures, and unions. For arrays and strings, this means that each element is
initialized to 0; for structures and unions, it means that each member is initialized to O.
In contrast, automatic and register variables usually are not initialized by the system
and can start with garbage values.

3.125 Header Files and Linkage Mysteries

Typically, a large program is written in a separate directory as a collection of .h and .c
files, with each .c file containing one or more function definitions. Each .c file can be
recompiled as needed, saving time for both the programmer and the machine. Let us
suppose we are developing a large program called pgm. At the top of each of our .cfiles,
we put the line

#include "pgm.h"

When the preprocessor encounters this directive, it looks first in the current directory
for the file pgm.h. If there is such a file, it is included. If not, the preprocessor looks in
other system-dependent places for the file. If the file pgm.h cannot be found, the pre-
processor issues an error message and compilation stops.

Our header file pgm.h may contain #includes, #defines, declarations of enumeration
types, declarations of class types, other programming constructs, and a list of function
prototypes at the bottom. Thus pgm.h contains program elements that are appropriate
for our program as a whole. Because the header file pgm.h occurs at the top of each .c
file, it acts as the “glue” that binds our program together.

multi_main.cpp

m.h
pa #include "pgm.h"
#includes | | 77
#defines -
..... multi_fct.cp
list of fct prototypes #include "pgm.h"

multi_print.cpp
#include "pgm.h"
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We show a very simple example of how this works. We write our program in a separate
directory. It consists of a .h file and three .cpp files. Typically, the name of the directory
and the name of the program are the same. Here is our multi_main program:

In file pgm.h:

#include <iostream>
#include <cstdlib>
using namespace std;

#define N 3
void fctl(int k);
void fct2Q);

void prn_info(const string& pgm_name);

In file multi_main.cpp:

#include "pgm.h"

int main()
{
char ans;
int k, n = N;

cout << "This program does not do very much.\n";
cout << "Do you want more information? ";
cout << "Enter either y or Y if yes. " << endl;

cin >> ans;

if (ans == 'y' || ans == 'Y"')
pro_info("multi_main");

for (k = 0; k < n; ++k)
fctl(k);

cout << "Best Regards!" << endl;

}

In file multi_fct.cpp:

#include "pgm.h"

void fctl(int n)
{

int 1;

cout << "Hello from fctl()" << endl;
for (i =0; i < n; ++i)
fct2Q);


http://www.cse.ucsc.edu/~pohl/C++BD/03Chap/pgm.h
http://www.cse.ucsc.edu/~pohl/C++BD/03Chap/multi_main.cpp
http://www.cse.ucsc.edu/~pohl/C++BD/03Chap/multi_fct.cpp

Ira Pohl’s C++ by Dissection 3.12 Scope and Storage Class 97

void fct2()
{

}

cout << "Hello from fct2()" << endl;

In file multi_prn.cpp:

#include "pgm.h"

void prn_info(const string& pgm_name)

{
cout << "Usage: " << pgm_name << endl;
cout << "This program illustrates a " << endl;
cout << "program in more than one file." << endl;
cout << "In this example, a single" << endl;
cout << ".h file is included at the" << endl;
cout << "top of our three .cpp files." << endl;
cout << "Thus pgm.h acts as the \"glue\"" << endl;
cout << "that binds the program." << endl;

}

We compile the program with the command
cc -o multi_main multi_main.cpp multi_fct.cpp multi_prn.cpp

The compiler creates the executable file multi_main along with three .o files that corre-
spond to .cpp files. In Windows, they are .obj files.

Multifile programs require proper linkage. C++ requires some special rules to avoid hid-
den inconsistencies. As already indicated, a name declared at file scope as explicitly
static is local and is hidden from other files. This form of linkage is called internal
linkage. By default, const and typedef declarations have internal linkage. A const
variable that is at file scope but is not static can be given external linkage by declaring it
extern. Finally, linkage to C code is possible using the form

extern "C" { code or included file }

Linkage to languages other than C is system-dependent. For example, some systems
might allow "Java".

It is the coder’s responsibility to make sure that all names referring to the identical con-
struct are consistent. It is beyond the scope of this text to discuss all the nuances of
linkage.
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Tips for Avoiding Linkage Problems

= Use header files for function prototypes, class definitions, constants, type-
defs, templates, inline functions, and named namespaces.

= Use these header files with an #i fdef __filename as a guard against multiple
inclusion.

=« Think in terms of the one-definition rule (ODR), which states that classes, enu-
merations, templates, and so forth must be defined exactly once in the pro-
gram.

= As a heuristic, envision writing the code into one monolithic file and seeing
whether this causes conflicts.

3.13 Namespaces

C++ inherited C’s single global namespace. Programs written by two or more parties can
have inadvertent name clashes when combined. C++ encourages multivendor library
use. This motivates the addition of a namespace scope to ANSI C++.

namespace LMPinc {
class puzzles { -.--. }s
class toys { ----- };

The namespace identifier can be used as part of a scope-resolved identifier, which has
the form

namespace_id: : id

A using declaration lets a client have access to all names from that namespace.

using namespace LMPinc;
toys top; // LMPinc::toys

Namespaces can also nest.

namespace LMPinc{

int n;

namespace dolls { // inner namespace
int sqOf{ return n * n; } // LMPinc::n
void pr_my_logo();

}

void LMPdolls::pr_my_logo()
{ cout << "Dolls by Laura" << endl; }
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As mentioned in Section 3.12.4, The Storage Class static, on page 94, namespaces can
be used to provide a unique scope that replaces static global declarations. This is done
by an anonymous namespace definition, as in

namespace { int count = 0; } // count unique here

// count is available in the rest of the file
void chg_cnt(int i) { count = 1; }

Library headers conforming to the ANSI C++ standard no longer use the .h suffix. Files
such as iostream and complex are declared within the namespace std. Vendors no
doubt will continue shipping old-style headers, such as iostream.h or complex.h, as well,
so that old code can run without change.

3.14 Pointer Types

C++ pointers, used to reference variables and machine addresses, are intimately tied to
array and string processing. C++ arrays can be considered a special form of pointer
associated with a contiguous piece of memory for storing a series of indexable values.

Pointers are used in programs to access memory and to manipulate addresses. If v is a
variable, &v is the address, or location in memory, of its stored value. The address oper-
ator & is unary and has the same precedence and right-to-left associativity as the other
unary operators. Pointer variables can be declared in programs and then used to take
addresses as values. The following declares p to be of type “pointer to int”:

int* p;

The legal range of values for any pointer always includes the special address 0, as well
as a set of positive integers that are interpreted as machine addresses on a particular
system. Some examples of assignment to the pointer p are

p = &i; // address of object i
p = 0; // special sentinel value
p static_cast<int*>(1507);// absolute address

In the first example, we think of p as “referring to i,” “pointing to i,” or “containing the
address of i.” The compiler decides what address to assign the variable i. This varies
from machine to machine and most likely differs for various executions on the same
machine. The second example is the assignment of the special value O to the pointer p.
This value is typically used to indicate a special condition. For example, a pointer value
of 0 is returned by a call to the operator new when free storage is exhausted. By conven-
tion, a pointer value of 0 is also used to indicate the end of a dynamic data structure,
such as a tree or a list. In the third example, the cast is necessary to avoid a type error,
and an actual memory address is used.
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3.141 Addressing and Dereferencing

As in C, the dereferencing, or indirection, operator * is unary and has the same prece-
dence and right-to-left associativity as the other unary operators. If p is a pointer, *p is
the value of the variable that p points to. The direct value of p is a memory location,
whereas *p is the indirect value of p—namely, the value at the memory location stored
in p. In a certain sense, * is the inverse operator to & Here is code showing some of
these relationships:

int i=15, 3;
int* p = &i; // pointer p 1is init to address of i

cout << *p << " = 1 stored at << p << endl;

J = p; // illegal pointer not convert to int
j = *p + 1; // legal
p = &Jj; // p points to j

3.14.2 Pointer-Based Call-By-Reference

The addresses of variables can be used as arguments to functions so that the stored val-
ues of the variables can be modified. Experienced C programmers should skip this dis-
cussion and go to Section 3.14.2, Reference Declarations, on page 102. In pointer-based
call-by-reference, pointers must be used in the parameter list in the function definition.
Then, when the function is called, addresses of variables must be passed as arguments.
For example, let us code a function order () that exchanges two values if the first value
is greater than the second value:

In file orderl.cpp

// Pointer-based call-by-reference
void order(int*, int¥*);

int main()

{
int 1 =7, J=3;
cout << 1 << "\t' << j << endl; // 7 3 printed
order(&i, &j);
cout << 1 << "\t' << j << endl; // 3 7 printed
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void order(int* p, int*

{
int temp;
-|-F (:’:p > :‘:q) {
temp = *p;
:‘:p — :‘:q;
*q = temp;
}
}
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a)

Most of the work of this program is carried out by the function call to order (). Notice
that the addresses of i and j are passed as arguments. As we shall see, this allows the
function call to change the values of i and j in the calling environment.

Dissection of the order () Function

= void order(int* p, int* q)

{

int temp;

The parameters p and g are both of type pointer to int. The variable
temp is local to this function and is of type int.

- if (> Q) {

temp = *p;
‘:'\‘p = ‘:'\‘q;
*q = temp;

}

If the value of what is pointed to by p is greater than the value of what
is pointed to by g, the following is done. First, temp is assigned the
value of what is pointed to by p; second, what is pointed to by p is
assigned the value of what is pointed to by q; and third, what is
pointed to by q is assigned the value of temp. This interchanges in the
calling environment the stored values of whatever p and q are point-

ing to.

The rules for using pointer arguments to achieve call-by-reference can be summarized

as follows:

Call-By-Reference Using Pointers

1. Declare a pointer parameter in the function header.

2. Use the dereferenced pointer in the function body.

3. Pass an address as an argument when the function is called.
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3.15 Reference Declarations

Reference declarations, a C++ feature not available in C, declare the identifier to be an
alternative name, or alias, for an object specified in an initialization of the reference.
Reference declarations allow a simpler form of call-by-reference parameters. Some
examples are

int n;

int& nn = n; // nn is alternative name for n
double al[l0];

doubTe& Tast = a[9]; // Tast 1is an alias for a[9]

Declarations of references that are definitions must be initialized and are usually initial-
ized to simple variables. The initializer is an Ivalue expression, which gives the vari-
able’s location in memory. In these examples, the names n and nn are aliases for each
other; that is, they refer to the same object. Modifying nn is equivalent to modifying n,
and vice versa. The name last is an alternative to the single array element a[9]. These
names, once initialized, cannot be changed.

When a variable 1 is declared, it has an address and memory associated with it. When a
pointer variable p is declared and initialized to &1, it has an identity separate from 1.
The pointer p has memory associated with it that is initialized to the address of i. When
areference variable r is declared and initialized to 1, it is identical to i. It does not have
an identity separate from the other names for the same object. In effect, r is just
another name for 1, that is, an alias.

The following definitions are used to demonstrate the use of dereferencing and alias-
ing. The definitions assume that memory at location 1004 is used for integer variable a
and that memory at 1008 is used for pointer variable p.

int a=>5; // declare and define a

int* p = &a; // p points to a

int& ref_a = a; // alias for a

*p = 7; // *p is lvalue of a, so a is assigned 7

a=7%p+1; // rvalue 7 added to 1 and a assigned 8
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Pointer Declarations

Notice in the preceding figure of pointer declarations that any change to the value of a
is equivalent to changing ref_a. Such a change affects the dereferenced value of p. The
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pointer p can be assigned another address and lose its association with a. However, a
and ref_a are aliases and within scope must refer to the same object. These declara-
tions can be used for call-by-reference arguments, which allows C++ to have call-by-ref-
erence arguments directly. The function order (), using this mechanism, is recoded as
follows:

In file order2.cpp

void order(int& p, int& q)

{
int temp;
it (p>aq) {
temp = p;
P =4q;
q = temp;
3
}

The function would be prototyped and invoked in main() as follows:
void order(int& p, int& q);

int main()
{
int i, J;

If i and j are int variables, then order (i, j) uses the reference to i and the refer-
ence to j to exchange, if necessary, their two values. In traditional C, this operation
must be accomplished by using pointers and dereferencing.

When function arguments are to remain unmodified, it can be efficient and correct to
pass them const call-by-reference. This is the case for types that are structures. The
const is not strictly necessary, but it indicates the programmer’s intent not to modify
these values and allows the compiler to check this.

struct large_size {
int mem[N];
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void print(const large_size& s) // efficient
! // when invoked only a pointer value is passed
int add(large_size s) // inefficient

! // when invoked a Tocal copy of s is made

3.16 The Uses of void

The keyword void is used to declare the generic pointer type—pointer to void. The
keyword void is also used as the return type of a function not returning a value. In pro-
gramming, such a function is sometimes called a pure procedure. In addition, void can
be used in a cast to indicate that a value is unneeded.

Most interesting is the use of void* as a generic pointer type. A pointer declared as
type pointer to void, as in void* gp, may be assigned a pointer value of any type but
may not be dereferenced. Dereferencing is the operation * acting on a pointer value to
obtain what is pointed at. It would not make sense to dereference a pointer to a void
value.

void* gp; // generic pointer

int* ip; // int pointer

char* cp; // char pointer

gp = ip; // legal conversion

ip = reinterpret_cast<int*>(gp);// legal conversion

cp = ip; // illegal conversion

*ip = 15; // legal dereference of pointer to int
*ip = *gp; // illegal generic pointer dereference

A key use for this type is as a formal parameter. For example, the library function mem-
cpy () is declared in cstring:

void* memcpy(void* sl, const void* s2, size_t n);

On older C++ systems or on C systems, this is declared in string.h. This function copies
n characters from the object based at s2 into the object based at s1. The function works
with any two pointer types as arguments. The type size_t is defined in cstddef and is
often a synonym for unsigned int.

A further use of void given as the parameter list in a function declaration means that
the function takes no arguments. Thus, int foo() is equivalent in C++ to int
foo(void).
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3.17 Arrays

An array is a data type used to represent a large number of values of the same type. An
array might be used to represent all the salaries in a company or all the weights of par-
ticipants in a fitness program. Each element in an array has a position, with the initial
element having position zero. An array element’s position can be used as an index or
subscript to access that element. The elements of an array are randomly accessible
through the use of subscripts. Arrays of all types are possible, including arrays of
arrays. A typical array declaration allocates memory starting from a base address. An
array name is, in effect, a pointer constant to this base address. In C++, only one-dimen-
sional arrays are provided, with the first element always indexed as element zero.

To illustrate some of these ideas, let us write a small program that fills an array, prints
out values, and sums the elements of the array:

In file sum_arrayl.cpp

// Simple array processing
const int SIZE = 5;

int main()

{
int a[SIZE]; // get space for a[@],----- ,al[4]
int sum = 0;
for (int i = 0; i < SIZE; ++i) {
alil =1 * i;
cout << "a[" << 1 << "] =" << a[i]l << " "
sum += al[i];
}
cout << "\nsum = " << sum << endl;
}

The output of this program is

=0 a[l] =1 a[2] =4 a[3] =9 a[4] = 16

= 30

The preceding array requires enough memory to store five integer values. Thus, if a[0]
is stored at location 1,000, the remaining array elements on a system needing 4 bytes
for an int are successively stored at locations 1004, 1008, 1012, and 1016. It is consid-
ered good programming practice to define the size of an array as a constant. Since
much of the code may depend on this value, it is convenient to be able to change a sin-
gle const int SIZE declaration to process various size arrays. Notice how the various
parts of the for statement are neatly tailored to provide a terse notation for dealing
with array computations.
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3.17.1 Subscripting
Assume that a declaration has the form

int 1, alsize];

We can write a[1i] to access an element of the array. More generally, we may write
a[expr], where expr is an integral expression, to access an element of the array. We call
expr a subscript, or index, of a. The value of a C++ subscript should lie in the range 0 to
size - 1. An array subscript value outside this range often causes a runtime error. When
this happens, the condition is called “overrunning the bounds of the array,” or “sub-
script out of bounds.” It is a common programming error. The effect of the error in a
C++ program is system-dependent and can be quite confusing. One frequent result is
that the value of an unrelated variable is returned or modified. Thus, the programmer
must ensure that all subscripts stay within bounds.

3.17.2 TInitialization

Arrays can be initialized by a comma-separated list of expressions enclosed in braces:

int array[4] = { 9, 8, 7 }; // a[0]=9, a[l1l]=8, a[2]=7

When the list of initializers is shorter than the size of the array, the remaining elements
are initialized to O. If uninitialized, external and static arrays are automatically initial-
ized to 0. This is not so for automatic arrays, which start with undefined values.

An array declared with an explicit initializer list and no size expression is given the size
of the number of initializers. The following two arrays are equivalent:

char laura[]l = { '1', 'm', 'p' };

char laura[3] = { '1', 'm", 'p' };

3.18 Arrays and Pointers

An array name by itself is an address, or pointer value, and pointers and arrays are
almost identical in terms of how they are used to access memory. However, there are
subtle and important differences. A pointer is a variable that takes addresses as values.
An array name is a particular fixed address that can be thought of as a constant pointer.
When an array is declared, the compiler must allocate a base address and a sufficient
amount of storage to contain all of the elements of the array. The base address of the
array is the initial location in memory where the array is stored; it is the address of the
first element (index 0) of the array. Suppose that we write the declaration

const int N = 100;

int a[N], *p;
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and the system causes memory bytes 300, 304, 308, ..., 696 to be the addresses of
a[o], a[1], a[2],..., a[99], respectively, with location 300 being the base address
of a. We are assuming that each byte is addressable and that 4 bytes are used to store
an int. The two statements p = a; and p = &a[0]; are equivalent and would assign
300 to p. Note that [] has higher precedence than &, so &a[0] is equivalent to &(a[0]).

Pointer arithmetic provides an alternative to array indexing. The two statements p = a
+ 1; andp = &a[1l]; are equivalent and would assign 304 to p. Assuming that the ele-
ments of a have been assigned values, we can use the following code to sum the array:

In file sum_array2.cpp

sum = 0;
for (p = a; p < &a[N]; ++p)
sum += *p;

is equivalent to

sum = 0;
for (i = 0; i < N; ++1)
sum += al[i];

In this loop, the pointer variable p is initialized to the base address of the array a. Then
the successive values of p are equivalent to & [0], & [1], ..., &[N-1]. In general, if i
is a variable of type int, p + 1 is the ith offset from the address p. In a similar man-
ner, a + 1 is the ith offset from the base address of the array a. Here is another way to
sum the array:

sum = 0;
for (i = 0; i < N; ++1)
sum += *(a + 1);

Just as the expression *(a + 1) is equivalent to a[i], the expression *(p + 1) is
equivalent to p[1i]. In many ways, arrays and pointers can be treated alike, but there is
one essential difference. Because the array a is a constant pointer and not a variable,
and we thus cannot change the address of a, expressions such as the following are ille-
gal:

a=p ++a a += 2

3.19 Passing Arrays to Functions

In a function definition, a formal parameter that is declared as an array is a pointer.
When an array is being passed, its base address is passed call-by-value. The array ele-
ments themselves are not copied. As a notational convenience, the compiler allows
array bracket notation to be used in declaring pointers as parameters. This notation
reminds the programmer and other readers of the code that the function should be
called with an array. To illustrate this, we write a function that sums the elements of an
array of type int:
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In file sum_array3.cpp

int sum(int a[], int n) // n is the size of a[]
int s = 0;

for (int i = 0; i < n; ++1)
s += al[il;
return s;

}

As part of the header of a function definition, the declaration int a[] is equivalent to
int *a.In other contexts, the two are not equivalent.

Suppose that v has been declared to be an array with 100 elements of type int. After
the elements have been assigned values, we can use the function sum() to add various
elements of v. Table 3.1 illustrates some of the possibilities.

Table 3.1 Summing Elements of an Array

Invocation What Gets Computed and Returned
sum(v, 100) v[o] + v[1] + . . . + Vv[99]
sum(v, 88) v[o] + v[1] + . . . + v[87]
sum(v + 7, k) v[7] + v[8] + . . . + v[k+6]

The first call sums all 100 elements of the array v[]. The second call sums the first 88
elements. The third function call again illustrates the use of pointer arithmetic. The
base address of v is offset by 7, and sum() initializes the local pointer variable a to this
address. This causes all address calculations inside the function call to be similarly off-
set. The number of elements summed is the value of the variable k. If the value of k is
10, then we sum elements from v[7] up to and including v[16].

In C++, a function with a formal array parameter can be called with an array argument
of any size, provided the array has the right base type.

3.20 Problem Solving: Random Numbers

Random numbers have many uses in computers. One use is to serve as data to test
code; another use is to simulate a real-world event that involves a probability. The
method of simulation is an important problem-solving technique. Programs that use
random number functions to generate probabilities are called Monte Carlo simulations.
The Monte Carlo technique can be applied to many problems that otherwise would have
no possibility of solution.

A random number generator is a function that returns integers that appear to be ran-
domly distributed in some interval O to n, where n is system-dependent. The function
rand () in the standard library cstdlib is provided to do this. This function generates a
pseudorandom sequence. It is called pseudorandom because the numbers are generated
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by a deterministic algorithm but appear to be random. In order to start the pseudoran-
dom sequence at different points, you should use the cstdlib function srand(n) to start
the sequence with the number seed n.

Let us write a program that displays some random numbers generated by rand(). Here
is the first part of the program:

In file random.cpp

#include <iostream>

#include <cstdlib>

using namespace std;

void prn_random_numbers(int k);

int main(void)

{
int n, seed;
cout << "\nSome random numbers will be printed.";
cout << "\nEnter how many you want? " << endl;
cin >> n;
cout << "Enter seed number: ";
cin >> seed;
srand(seed);
prn_random_numbers(n) ;
}

Because the function prototype for rand() is in the standard header file cstdlib, we
have included it at the top of the file.

The user is asked to enter how many random numbers are wanted. In order not to
repeat the same sequence each time the program is run, the user is asked for a seed.
The seed is used to start rand() at different points in the pseudorandom sequence.
The value entered for n is passed as an argument to the function
prn_random_numbers().

In the remainder of the file, we write the function definition for
prn_random_numbers (). Here is the function:

void prn_random_numbers(int k)

{

int r, biggest, smallest;

r = biggest = smallest = rand();
cout << endl << r;
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for (int i =1; i < k; ++1) {
if (A% 5 == 0)
cout << endl;
else
cout << "\t';
r = rand();
biggest = r > biggest ? r : biggest;
smallest = r < smallest ? r : smallest;

cout << r;
ks
cout << endl << "\n\nCount: " << k
<< "\nMaximum: " << biggest

<< "\nMinimum: << smallest << endl;

}

We want to dissect this function definition, but before we do so, let us see what the out-
put of the program looks like. Suppose we run this program and input 23 when
prompted. Here is what appears on the screen:

Some random numbers will be printed.
Enter how many you want?
15

Enter seed number:
6

31820 32473 17167 31717 17190
4449 16050 7311 6478 29467
9562 14170 21117 29323 14006

Count: 15
Maximum: 32473
Minimum: 4449

Dissection of the prn_random_numbers() Function

= void prn_random_numbers(int k)

{

int i, r, biggest, smallest;

The variable k is a parameter declared to be an int. The local vari-
ables i, r, biggest, and smallest are all declared to be of type
int.
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3.21

= I = biggest = smallest = rand();
cout << endl << r;

The function rand() from the standard library is used to generate a
random number. That number is assigned to the variables r, big-
gest, and smallest. Then is we print the value of r after the screen
cursor advances to a new line.

» for (3 =1; 1 < k; ++1) {
if (A% 7 == 0)
cout << endl;
r = rand();
biggest = max(r, biggest);
smallest = min(r, smallest);
cout << ‘\t’ << r;

}

This for loop is used to print the remaining random numbers.
Because one random number has already been printed, the variable i
at the top of the loop is initialized to 1 rather than 0. Whenever 1 is
divisible by 7 (the values 7, 14, 21, ...), the expression

1% 7 ==20

controlling the if statement is true, causing a newline to be printed.
The effect of this is to print at most seven random numbers on each
line.

Software Engineering: Structured Programming

Let us write a program that will find the maximum, minimum, and average value of an
array of doubles. This could be part of package of routines that does data analysis. The
key to simplifying this project is to use a single function for each part of the problem.
This is the heart of structured programming. A large problem is decomposed or refined
into a series of small problems.

Another key problem-solving technique is to reuse already tested code. We already pro-
grammed the routine for summing an array of int, as we saw in Section 3.19, Passing
Arrays to Functions, on page 108.
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In file sum_array3.cpp

// n is the size of a[]
int sum(const int a[], const int n)

{
int s = 0;
for (int i = 0; i < n; ++1)
s += al[i];
return s;
}

This can be readily modified to produce an average of an array of doubTe.

In file average_arrayl.cpp

double average(const double a[], const int n)

{
double s = 0.0;
for (int i =0; i < n; ++1)
s 4= a[i];
return s / n;
}

Notice how little was changed. Problem solving is greatly aided by mastering key pro-
gramming idioms. Here, the key idiom is the use of the for loop to process the ele-
ments of a one-dimensional array.

Writing minimum() also follows this idiom.

doubTe minimum(const double a[], const int n)

{
doubTe min = a[0];
for (int i =1; i < n; ++1)
if (min > a[i])
min = a[i];
return min;
}

We leave as an exercise the writing of maximum(). (See exercise 11 on page 136.)

Another important part of software engineering is to have a testing strategy. When test-
ing array routines, it is appropriate to first test the program with a small data set that
the programmer can easily bench-check. This allows the programmer to readily find
logical errors.
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// Simple test of our program
const int size = 6;

int main()

{
double a[size] = {0.5, 1.5, 6.0, 7.5, 2.3, 4.6 };
cout << "Test array data processing" << endl;
cout << "average = " << average(a, size) << endl;
cout << "minimum = " << minimum(a, size) << endl;
cout << "maximum = " << maximum(a, size) << endl;
}

Obviously we expect as output:

Test array data processing
average = 3.7333

minimum ()
maximum = 7.5

Now, to test this on a large amount of data, we can call on our random number genera-
tor to fill up a large array.

In file average_array2.cpp

void fi11(double a[], const int n)
{
for (int i = 0; i < n; ++1)
al[i] = (2.0 * rand()) / RAND_MAX;
}

The constant RAND_MAX is the largest integer random number that rand() generates.
Therefore, the doub1e expression used to fill the array will range between 0.0 and 2. 0.

// Generate data using fi11Q)
const int size = 20000;

int main(Q)

{

double a[size];

fill(a, size);

cout << "Test array data processing" << endl;
cout << "average = " << average(a, size) << endl;
cout << "minimum = " << minimum(a, size) << endl;

cout << "maximum = << maximum(a, size) << endl;
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We expect as output something like:

Test array data processing
average = 0.998711

minimum = 0.000244148
maximum = 1.8990750

Note that the minimum is very nearly 0 and the maximum approaches 2, and that the
output will vary from run to run. Random number generators are very useful for pro-
ducing large data sets that have predictable properties when used for testing.

3.22 Core Language ADT: char* String

The C++ community has agreed to treat the type char* as a form of string type. The
understanding is that such strings are terminated by the char value '\0', and that the
cstring (or string.h on older systems) package of functions is called using this represen-
tation. In ANSI C++, the library string provides as a template class a standardized string
type that is preferred to this use of char*. The language partly supports this abstrac-
tion by defining string literals as being null-terminated. A char* or char[] can be ini-
tialized with a literal string. Note that the terminating '\0' is part of the initializer list.
Also, a char[] cannot be assigned to and is a constant, while a char* can be assigned
to.

char* s = "c++"; // s[0] 'c', s[1] = "+',
// sl[2] "+', s[3] "\0';

|
+

How smart can humans be if strings give them trouble?

The cstring package contains more than 20 functions.
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Some Functions in the cstring Library

s Size_t strlen(const char* s);
Computes the string length. The number of characters terminated by '\0"' is
returned.

s char® strcpy(char®* sl1l, const char* s2);
Copies the string s2 into s1. The value of s1 is returned.

= 1int strcmp(const char* sl, const char* s2);
Returns an integer that reflects the lexicographic comparison of s1 and s2.
When the strings are the same, O is returned. When s1 is less than s2, a nega-
tive integer is returned. When s1 is greater than s2, a positive integer is
returned.

By adhering to these conventions, the programmer can reuse a lot of string code. The
library routines ensure that portable, readily understood code is available.

In file string_func.cpp

// String function implementations

size_t strlen(const char* s)

{
int 1;
for (i = 0; s[i] !'= "\0'; ++1i)
continue;
return i;
}
int strcmp(const char* sl, const char* s2)
{
int 1i;
for (i=0; s1[i] && s2[i] && (sl[i]==s2[i]1); ++i)
continue;
return (s1[i] - s2[i]);
}
char* strcpy(char* sl1, const char®* s2)
{
for (int i = 0; s1[i] = s2[i]; ++i)
continue;
return sl;
}

Dissection of the cstring Library Functions

m Size_t strlen(const char* s)

This function does not modify its argument, so it is declared as
const. The return type size_t is defined as an unsigned int in our
library cstddef, and is convertible to size_t, in any case.
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s for (i = 0; s[i] == '"\0'; ++i)
continue;

Notice how these functions use the convention that a string is null-
terminated to end their major loops. The function strlen() termi-
nates this loop when s[1] == '\0'. Pointers to char strings are by
convention terminated with the value '\0'. The continue statement
could have been omitted. It is the equivalent here to an empty state-
ment. However, an empty statement is less readable and more enig-
matic.

s return i;

The value is 0 if the empty string is the argument. Note that this can
be readily hand-simulated as a check on the code. The variable i
could not have been declared inside the loop because it needs to be in
scope in this return statement.

= int strcmp(const char* sl, const char* s2)
{
int 1;
for(i=0; s1[i] && s2[i] && (s1l[il==s2[i1); ++i)
continue;

Again const declarations are good practice to indicate that the
pointer arguments are not used to change underlying contents of the
memory they point at. The major loop relies on short-circuit evalua-
tion of the logical and expression. The test on equality of the two
string characters relies on both strings not yet being terminated.

s return (s1l[i] - s2[i]);

The difference in the final tested characters is returned, with 0 indi-
cating string equality.

s char* strcpy(char* sl, const char* s2)
{
for (int i = 0; s1[i] = s2[i]; ++1)
continue;

Here, we have a signature where s1 is not declared as const. This is
the pointer to which the copying occurs, so it cannot point at non-
modifiable memory. Notice that loop termination occurs when s2[1]
is value "\0'. Here, the expression is an assignment and is a highly
unusual coding practice. No checking is done as to whether s1 points
to allocation big enough to contain s2.

The following function implements a string-equality test. Note its use of pointer arith-
metic. The construct *s1++ means “dereference the pointer s1, and after using this
value in the expression, add sizeof(char) to its pointer value.” Because of operator
precedence, *s1++ is equivalent to *(s1l++). This pointer calculation gets us the next
element address.
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bool streq(const char* sl, const char* s2)

{
while (*sl1 != 0 && *s2 != 0)
if (fsl++ = *s2++)
return false;
return (*sl == *s2);
}

To better understand the relationship between arrays and pointers, we reimplement the
preceding function using array notation:

bool streq2(const char s1[], const char s2[])

{ - -
int 1;
for (i = 0; (s1[i] !'= 0) && (s2[i] !'= @); ++1)
if (s1[i] !'= s2[i])
return false;
return (s1[i] == s2[i]);
}

Finally, it is also natural to implement these functions as recursions. Here is the recur-
sive form of strlen():

// Recursive string function implementations

size_t strlen(const char* s)

{
if (*s == "\0")
return 0; // the end
else // add 1 and recur on the rest
return (1 + strlen(s + 1));
}

While recursion is an elegant coding technique, it is not usual, for efficiency reasons, to
find heavily used functions coded this way. (See exercise 3 on page 133.)

3.23  Multidimensional Arrays

C++ allows arrays of any type, including arrays of arrays. With two bracket pairs, we
obtain a two-dimensional array. This idea can be iterated to obtain arrays of higher
dimension, as shown in Table 3.2. With each bracket pair, we add another array dimen-
sion.

A k-dimensional array has a size for each of its k dimensions. If we let s; represent the
size of its ith dimension, the declaration of the array allocates space for
S1 X S» X ... X S elements. In Table 3.2, b has 3 x 5 elements, and c has 7 x 9 x 2 ele-
ments. Starting at the base address of the array, all the array elements are stored con-
tiguously in memory, row by row.
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Table 3.2 Declarations of Arrays

int a[1l00]; One-dimensional array
int b[3][5]; Two-dimensional array
int c[7]1[9][2]; Three-dimensional array

Initialization of multidimensional arrays can be done using a brace-enclosed list of ini-
tializers, where each row is initialized from a brace-enclosed list. There are a number of
ways to initialize a two-dimensional array. The following three initializations are equiv-
alent:

int a[2][3] {1, 2, 3, 4, 5, 6};
int a[2][3] { {1, 2, 3}, {4, 5, 6} };
int al ][3] = { {1, 2, 3}, {4, 5, 6} };

If there are no inner braces, then each of the array elements a[0] [0], a[0][1], ...,
a[1][2] is initialized in turn. Note that the indexing is by rows. If there are fewer ini-
tializers than elements in the array, then the remaining elements are initialized to zero.
If the first bracket pair is empty, then the compiler takes the size from the number of
inner brace pairs. All sizes except the first must be given explicitly. This data structure
is an important scientific abstract data type and is central to all of linear algebra.

Even though array elements are stored contiguously one after the other, it is often con-
venient to think of a two-dimensional array as a rectangular collection of elements with
rows and columns. For example, if we declare

int al[3][5];

then we can think of the array elements arranged as in Table 3.3:

Table 3.3 Array Elements

col 1 col 2

afo][o] al0][1] al0][2] al0][3] al0][4]
a[1][e] a[1][1] a[1][2] a[1][3] a[1][4]
a[2][e] a[2][1] a[2][2] a[2][3] a[2][4]

To illustrate these ideas, let us write a program that fills a two-dimensional array, prints
out values, and sums the elements of the array:

In file sum_2d_arrayl.cpp

#include <iostream>
using namespace std;

const int M 3; // number of rows
const int N = 4; // number of column
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int main()

{
int a[M][N], i, j, sum = 0;
for (i =0; i < M; ++1) // fill the array
for (3 = 0; j < N; ++3)
alil[j]l =i + J;
for (A =0; i < M; ++1) { // print array
for (j = 0; j < N; ++j)
cout << "a[" << 1 << "J[" << J
<< "] =" << a[i][j] << "\t';
cout << endl;
}
for (i =0; i < M; ++1) // sum the array
for (j = 0; j < N; ++j)
sum += a[i][j];
cout << "\nsum = " << sum << endl;
}

The output of this program is

a[o] [o]
a[1l][e]
a[2][e]

0 af0][1] a[0][2] a[0][3]
1 a[l][1] a[1][2] a[1][3]
2 af[z2][1] af2][2] a[2][3]

sum = 30

In processing every element of a multidimensional array, each dimension requires a sin-
gle for loop.

Because of the relationship between arrays and pointers, there are numerous ways to
access elements of a two-dimensional array, as shown in Table 3.4.

Table 3.4 Expressions Equivalent to a[i][j]

*(alil + 3

(*(a + 1)) [3]

(@ + 1)) + 1)
*(&a[0][0] + 5%i + J)
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The parentheses are necessary because the brackets [ ] have higher precedence than
the indirection operator *. We can think of a[i] as the ith row of a (counting from 0),
and we can think of a[i][j] as the element in the ith row, jth column of the array
(counting from 0). The array name a by itself is equivalent to &a[0]; it is a pointer to an
array of five ints. The base address of the array is & [0] [0], not a. Starting at the base
address of the array, the compiler allocates contiguous space for 15 ints. For any array,
the mapping between pointer values and array indices is called the storage mapping
function. For the array a, the storage mapping function is specified by noting that

ali][3j] is equivalent to *(&a[01[0] + 5% + j)

When a multidimensional array is a formal parameter in a function definition, all sizes
except the first must be specified, so that the compiler can determine the correct stor-
age mapping function. After the elements of the array a just given have been assigned
values, the following function can be used to sum the elements of the array. Note care-
fully that the column size must be specified.

In file sum_2d_array2.cpp

int sum(int a[][5])

{
int i, j, sum = 0;
for (i =0; 1 < 3; ++1)
for (j = 0; j < 5; ++j)
sum += al[i][j];
return sum;
}

In the header of the function definition, the following parameter declarations are equiv-
alent:

int a[][5] int (*a)[5] int a[3][5]

Because of operator precedence, the parentheses are necessary. The constant 3 acts as a
reminder to human readers of the code, but the compiler disregards it.

The for loop and the output statement in main() can be replaced by an output state-
ment:

cout << "\nsum = " << sum(a) << endl;

3.24 Operators new and delete

The unary operators new and delete are available to manipulate free store. They are
more convenient than, and replace, the C standard library functions malloc(), cal-
Toc(), and free() in most applications. Free store is a memory pool for objects whose
lifetime is directly managed by the programmer. The programmer creates an object
using new and destroys the object using delete. This is important for dynamic data
structures, such as lists and trees.
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In C++, the operator new is typically used in the following forms:

new type-name
new type-name initializer
new type-namelexpression]

In each case, there are at least two effects. First, an appropriate amount of store is allo-
cated from free store to contain an object of the named type. Second, the base address
of the object is returned as the value of the new expression.

The operator new can either throw a bad_alloc exception or return the value 0, when
memory is unavailable.

The following example uses new:

ints p, *q, *r;

p = new int(5); // allocation and initialization
g = new int[10]; // gets q[@] to gq[9] with q = &q[0]
r = new int; // allocate int but uninitialized

In this code, the pointer to int variable p is assigned the address of the store obtained
in allocating an object of type int. The location pointed at by p is initialized to the
value 5. This use is not usual for a simple type, such as int, in that it is far more conve-
nient and natural to automatically allocate an integer variable on the stack or globally.
Usually, an array of elements is allocated, as is done in the example with the pointer q.
The array values are uninitialized. Some compilers may choose as an implementation
decision to initialize elements to 0, but this is not a language specification and should
not be relied on.

The operator delete destroys an object created by new, in effect returning its allocated
storage to free store for reuse. The operator delete is used in the following forms:

delete expression
delete [ ] expression

The first form is used when the corresponding new expression has not allocated an
array. The second form has empty brackets, indicating that the original allocation was
an array of objects. The operator delete does not return a value. Equivalently, one can
say that its return type is void. The following example uses these constructs to dynam-
ically allocate an array:

In file dynamic_array.cpp

// Use of new to dynamically allocate an array
// assumes older-style return of @ for
// allocation error

int main()

{
int* data;
int size;
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cout << "\nEnter array size: ";
cin >> size;
assert(size > 0);

data = new int[size]; // allocate array of ints
assert(data != 0); // data != 0 allocation OK
for (int j = 0; j < size; ++j)

cout << (datal[j] = j) << "\t';
cout << "\n\n";
delete[] data; // deallocate an array

Dissection of the dynamic_array Program

= int* data;
int size;
cout << "\nEnter array size: ";
cin >> size;
assert(size > 0);

data = new int[size]; // allocate array of ints
assert(data != 0); // data != 0 allocation OK

The pointer variable data is used as the base address of a dynami-
cally allocated array whose number of elements is the value of size.
The user is prompted for the integer valued size. The new operator is
used to allocate storage from free store capable of storing an object
of type int[size]. On a system on which integers take 4 bytes, this
would allocate 4 x size bytes. At this point, data is assigned the base
address of this store. The second assert guarantees that allocation
succeeded. In newer C++ systems, if the new operator fails, it can
throw an exception of type bad_alloc, automatically aborting the
program.

» for (int j = 0; j < size; ++j)
cout << (datal[j] = j) << "\t';

This statement initializes the values of the data array and prints
them.

» delete[] data; // deallocate an array

The operator delete returns the storage associated with the pointer
variable data to free store. This can be done only with objects allo-
cated by new. The bracket form is used because the corresponding
allocation was of an array.

This introductory discussion of the free-store operators treats the basic cases. The free-
store operators are addressed in greater detail in Section 5.19, Overloading new and
delete, on page 224.
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It is becoming a standard practice to use C++ libraries for accessing both char* arrays
and general arrays instead of coding the array functions directly. Here, we discuss two
such libraries: one for vectors and one for string processing.

3.24.1 Vector Instead of Array

The standard C++ library contains the template for the vector data structure. In almost
all cases, the vector is an improvement over the simple C++ array but can be used
essentially as an array. Many writers, including myself, recommend that the vector be
used in place of arrays for most programming. For example, the function in Section
3.19, Passing Arrays to Functions, on page 108, for summing an array uses
int sum(int al[], int n).We can trivially change this to use vector as follows:

In file sum_array4.cpp

int sum(vector<int> a, int n)

{
int s = 0;
for (int i = 0; i < n; ++1)
s 4= a[i];
return s;
}

Notice that the only change was to transform the array declaration to a vector declara-
tion. Without investigating the details of template syntax, we can use a simple rule:
Type id[ 1] is replaced by vector<Type> id

If the declaration requires an array size, we can extend the rule as follows:

Type id[size] is replaced by vector<Type> id(size)

One improvement of vector is that it knows the number of elements associated with it.
The expression id.size() gives the current number of elements contained in the vec-
tor. Using this information improves the sum() function by making it simpler and by
avoiding errors that come about in C and C++ when the wrong size is passed as a
parameter. This prevents out-of-range errors that are the bane of C array programmers.

In file sum_array5.cpp

// Sum written to use a.size() in place of N
int sum(vector<int> a)

int i, s = 0;

for (i =0; i < a.size(); ++1)

s += al[i];
return s;
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3.24.2 String Instead of char*

In C++, the standard library provides both cstring and string. Both libraries can be used
for string processing, and they can be used jointly. However, C++ style is to prefer the
use of the string type, which is more robust and has a more extensive interface. In cer-
tain cases, it is both more efficient and more elegant.

The following simple program uses string. The program is easy to understand and
easy to use, because the operator + provides concatenation.

In file pr_statements.cpp

// Print a string with a 1line number

void pr_numbered_statement(const string& statement)

{
static int Tn = 0;
Tn++; // start the 1line numbers at 1
cout << "Tine " << Tn << ":" + statement + "\n";
}

// Test pr_numbered_statement() using two strings

int main(Q)

{

string sl, s2;

cout << "Enter two words: << endl;
cin >> sl >> s2;
pr_numbered_statement(sl);
pr_numbered_statement(s2);

cout << endl;

3.25 Software Engineering: Program Correctness

An assertion is a program check for correctness that, if violated, forces an error exit.
One point of view is that an assertion is a contractual guarantee among the provider of
a piece of code, the code’s manufacturer, and the code’s client or user. In this model,
the client needs to guarantee that the conditions for applying the code exist, and the
manufacturer needs to guarantee that the code works correctly under these provisions.
In this methodology, assertions provide various guarantees.

Program correctness can be viewed in part as a proof that the computation terminated
with correct output dependent on correct input. The user of the computation has the
responsibility of providing correct input. This is a precondition. The computation, if
successful, satisfies a postcondition. Such assertions can be monitored at runtime to
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provide very useful diagnostics. Indeed, the discipline of thinking out appropriate
assertions frequently allows the programmer to avoid bugs and pitfalls.

In the C++ community, there is an increasing emphasis on the use of assertions. The
standard library assert provides the macro assert and is invoked as though its func-
tion signature were

void assert(expression) ;

If the expression evaluates as false, execution is aborted with diagnostic output. The
assertions are discarded if the macro NDEBUG is defined. The following program pro-
vides assertions to demonstrate this. The program examines a slice of an array for its
minimum element and places that element in the first examined array position.

In file order3.cpp

// Find minimum element in array slice

void order(int& p, int& q)

{
int temp = p;
if (p > q) {
p = 4q;
q = temp;
}
}
int place_min(int a[], int size, int lowbnd = 0)
{
assert(size >= 0); // precondition
assert(lowbnd >= 0); // precondition
for (int i = lowbnd; i < lowbnd + size - 1; ++1i)
order(a[lowbnd], a[i + 1]1);
return a[lowbnd];
}

int main()

{
int a[9] = { 6, -9, 99, 3, -14, 9, -33, 8, 11 };
cout << "Minimum = "
<< endl;
assert(al[2]<=al[3] && a[2]<=al[4]); // postcondition

<< place_min(a, 3, 2)
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Dissection of the place_min() Function

= int place_min(int a[], int size, int lowbnd = 0)

{

The function finds the minimum element from a number of adjacent
array elements and by swapping the minimum element into the first
examined array position Towbnd. Normally, Towbnd is 0, making it a
default parameter candidate.

m assert(size >= 0); // precondition
assert(lowbnd >= 0); // precondition

for (int i = lowbnd; i < lowbnd + size - 1; ++i)
order(al[lowbnd], al[i + 1]);

The precondition assertions in place_min() guarantee that a nonne-
gative number of elements at a nonnegative index is searched.

m int main()

{
int a[9] = { 6, -9, 99, 3, -14, 9, -33, 8, 11};

cout << "Minimum = << place_min(a, 3, 2)
<< endl;
assert(al[2]<=a[3] & a[2]<=al[4]); //
postcondition

}

The place_minCa, 3, 2) callis supposed to place the minimum of
three elements, starting at position 2, into position 2. The postcondi-
tion in main() checks that the minimum element was found and
placed in the correct position. The assert states that a[2] is the
smallest of the three elements. Therefore, the value of a[2] should be
-14.

Assertions and general exception handling are discussed at length in Chapter 10, Excep-
tions and Program Correctness.
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3.26 Dr. P's Prescriptions

= Functions should be short.

= Functions should do one job.

= Avoid subtle type conversions in overloading.

= Use explicit conversions to provide an exact match.

= Avoid the use of ellipsis notation.

= Overload only conceptually coherent function definitions.
= In C++, use explicit call-by-reference.

= Use const in your declarations.

= Use string in preference to char®.

= Use vector<> in preference to array.

A large part of the art of writing code is properly writing functions. Think of functions
as the paragraph elements in an essay and statements as sentences. Structured pro-
gramming is a methodology that decomposes parts of a program into elements that are
readily coded as functions. Keeping functions short makes them easier to test for cor-
rectness, maintain, and document. Like a paragraph in writing, they are meant to be a
basic coherent unit that is easily grasped.

A function should have a readily grasped purpose as indicated by the function name;
for example, print (), which is clear as to intent. Do not obscure what a function does
by giving it unrelated tasks. For example, if you want to print an array and find its max-
imum element, write two different functions.

In C++, there is little need for untyped functions with the ellipsis signature. Functions
of appropriate type can be overloaded or generated from templates. This leads to type-
safety, which the compiler can statically test for.

Overloading is frequently overused, making code difficult to follow and debug. In the
extreme, by using function foo () with different signatures, one can produce any com-
putation—clearly a poor programming practice.

In C++, we usually have two choices for a call-by-reference parameter declaration. It can
be either a pointer declaration or a reference declaration. Our advice is to stay primarily
with reference declarations. These require less notation, such as the use of the address-
of operator in the actual argument and the dereferencing operator inside the code body.
Less notation leads to fewer mistakes.

The keyword const is an important type constraint. It allows the compiler to check
your code automatically for critical errors. It also allows a smart compiler to further
optimize your code.

The string type found in the standard template library is much safer and more flexible
than the char¥* type. It should be used in preference to the traditional C use of char*
for strings.

The vector container type found in the standard template library is much safer and
more flexible than the native array type. It should be used in preference to traditional C
arrays.
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3.27

Java does not have pointers but instead has nonprimitive variables that are references.
Java avoids much of the direct programmer management of memory that causes so
many bugs in C and C++. Java does have arrays, which are reference types. Java does
not have functions that are outside the scope of a class. Java’s term for functions is
methods, which indicates that all functions are members of a class. The closest con-
struct to an ordinary C or C++ function is a static method. Java can overload methods

3.27 C++ Compared with Java

C++ Compared with Java

but does not allow default arguments or inlining.

The following program initializes an array, prints its values, and computes its sum and

average value.

In file SumArray.java

class SumArray {
public static void main(String[] args)

{

int[] data = {1, 2, 3, 4, 5, 6, 7};
int sum = 0;
double average;

for (int i =0; i < 7; ++i) {
sum = sum + datal[i];
System.out.print(datali]l + ", ");
}
average = sum / 7.0;
System.out.printin("\n\n sum = " + sum

+ average = " + average);

Dissection of the SumArray.java Program
m int[] data = {1, 2, 3, 4, 5, 6, 7};

The variable data is declared to refer to an array of integers. It is allo-
cated seven integer elements, which are initialized to the values 1
through 7.
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s for (int i =0; i < 7; ++i) {

The for statement declares the local variable i to be used as an index
or a subscript variable. This for statement is the most common array
code idiom. The initial subscript for array objects in Java is 0, so the
subscript variable is usually initialized to 0. The array length is 7, so
the terminating condition is usually i < 7 so that the array index
stops at 7 - 1. The last part of the for statement header is the incre-
ment of the index variable, so that each array element gets processed
in turn.

= sum = sum + data[i];
System.out.print(datal[i] + ", ");

The element data[i] is selected by computing the index value. A
common error that results in an exception is for this to be out of
range. These subscripted or indexed elements can be used as simple
variables of type int. In this code, each element’s integer value is
added to the variable sum. Then, in turn, each element’s value is
printed.

Note: In this example, main() is static. In Java, a static method more or less corre-
sponds to an ordinary C function. This example is nearly identical to one found on
pages 145 to 146 of Java by Dissection, Pohl and McDowell (Addison-Wesley 1999). A
complete explanation of Java arrays that is consistent with our treatment here can be
found in that text. It is also available as an eBook through MightyWords at http://
www.mightywords.com/.
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Summary

In ANSI C++, the empty parameter list is always equivalent to using void, so main()
is equivalent to main(void). The function main() implicitly returns the integer
value 0 if no explicit return expression statement is executed.

A formal parameter can be given a default argument, usually a constant that occurs
frequently when the function is called. Use of a default argument saves writing this
default value at each invocation. The following function header shows the syntax:

int sqr_or_power(int n, int k = 2); // k=2 default

Overloading refers to using the same name for multiple meanings of an operator or
a function. The meaning selected depends on the types of the arguments used by
the operator or function. In the following code, we overload average():

// Average the values in an input sequence

double average(int size, int sum);
double average(int size, double sum);

Reference declarations allow an object to be given an alias, or alternative name.
These declarations can be used for call-by-reference arguments. For example, the
function order (), using this mechanism, is declared as

void order(int &p, int &q);

C++ provides the keyword inline to preface a function declaration when the pro-
grammer intends the code replacing the function call to be inline. In most cases, this
should be used in place of #define macros.

C++ inherited C’s single global namespace. Programs written by various parties can
inadvertently have name clashes when combined. C++ adds namespace scope, as in

namespace StellarSoft {
class S_widget { ----- };
class update{ --- .- }s;

The namespace identifier can be used as part of a scope-resolved identifier. This has
the form

namespace_id: : id
There is also a using declaration, which lets a client have access to all names from
that namespace.

using namespace StellarSoft;
S_widget w; // StellarSoft::S_widget
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Namespaces can be used to provide a unique scope that replaces static global decla-
rations.

= The declaration void* is a generic pointer type. A pointer declared as type pointer
to void, as in void* gp, can be assigned a pointer value of any underlying base
type, but it may not be dereferenced. Unlike in C, a generic pointer may not be
assigned to a nonvoid pointer type without an explicit cast. In this regard, C++ is
again more type-safe than C.

= The C and C++ communities have agreed to treat the type char* as a form of string
type. The understanding is that these strings are terminated by the char value '\0"',
and that the cstring (or string.h on older systems) package of functions is called on
this abstraction. In ANSI C++, the library string provides as a template class a stan-
dardized string type that is preferred over the use of char¥.

= The unary operators new and delete are available to manipulate free store. Free
store is a memory pool for objects whose lifetime is directly managed by the pro-
grammer. The programmer creates an object by using new and destroys the object
by using delete. This is important for dynamic data structures, such as lists and
trees.

= The standard library contains the template for the vector data structure. In almost
all cases, the vector is an improvement over the simple C++ array but can be used
essentially as an array. Many experts recommend that it be used in place of arrays
for most programming.
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Review Questions

—_

If not explicitly returned, the value is returned by main().

. Replace #define ABS(X) (X <0) ? -X: X) with inline code.

. Discuss the difference between using the macro ABS(f(y)) and the equivalent

inline call. Assume that f(y) calls a nontrivial function.

. What is wrong with overloading int foo(); and void foo(); in the same scope?

Note that the only difference in their declarations is the return types.

. The C++ STL vector can be used to replace in C and C++ programes.

. In C, control of an if statement depends on whether an if statement expression is

zero or nonzero. In C++, this condition is type .

. In C, the function strlen() is found in ; in C++, it is found in . Can you

think of a reason for this difference?

. The exception is thrown when fails to properly allocate memory.

. The operator is used in place of the cstdlib function free() to return memory

to free store.

10.In C, call-by-reference requires the use of pointers, but in C++, may be used as

well.
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Exercises

1. Pointers to char strings are by convention terminated with the value 0. The follow-
ing function implements a string-equality test. Note its use of pointer arithmetic.
The construct *s1++ means “dereference the pointer s1, and after using this value
in the expression, add sizeof (char) to its pointer value.” Here is streq() from
Section 3.22, Core Language ADT: char* String, on page 117:

bool streq(const char* sl, const char* s2)

{
while ( *s1 I= 0 & *s2 != 0)
if ( *sl++ != *s2++)
return false;
return (*sl == *s2);
3

Write and test a function

bool streg_n(const char* sl, const char* s2, int n);

that returns true if the first n characters of the two strings are the same and that
otherwise returns false. It should also return true if the strings are shorter than n
characters and equal.

When testing this code, use a technique called boundary condition testing. For each
control structure in the code, such as an if statement or a while loop, test right at
these boundaries that the code works properly. For example, on a small piece of
data the loop should execute the correct number of times. It easiest to check on an
empty or length 1 string in this example. It is observed in practice that most mis-
takes are made at these boundaries.

2. Reimplement the preceding functions using array notation, both in the header and
the body of the code. So the header for streq() is

bool streq(char sl1[], char s2[]);
3. Write a recursive version of

bool streq(const char* sl, const char* s2);

Discuss and, if necessary, run tests to see which version is more efficient. Will your
system allow these functions to be inlined?

4. The greatest common divisor of two integers is recursively defined in pseudocode as
follows, as seen in Section 3.7, Recursion, on page 84:

GCD(m,n) 1s:
if m mod n equals @ then n;
else GCD(n, m mod n);
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Recall that the modulo operator in C++ is %. Code this routine using recursion in
C++. We have already done this iteratively.

5. We wish to count the number of recursive function calls by gcd (). It is generally bad
practice to use globals inside functions. In C++, we can use a local static variable
instead of a global. Complete and test the following C++ gcd () function:

int gcd(int m, int n)

{

static int fcn_calls = 1; // happens once

int r; // remainder

fcn_calls++;

6. The following C program uses traditional C function syntax:

/* Compute a table of cubes. */
#include <stdio.h>

#define N 15

#define MAX 3.5

int main()

{

}

int 1
doubTle x, cube();

printf("\n\nINTEGERS\n");
for (i =1; i <= N; ++1)
printf("cube(%d) = %f\n", i, cube(i));
printf("\n\nREALS\n") ;
for (x = 1; x <= MAX; X += 0.3)
printf("cube(%f) = %f\n", x, cube(x));
return 0;

double cube(x)
double x;
{ return (x * x * x); }

The program gives the wrong answers for the integer arguments because integer
arguments are passed as if their bit representation were double. It is unacceptable
as C++ code. Recode, as a proper function prototype, and run, using a C++ compiler.
C++ compilers enforce type compatibility on function argument values. Therefore,
the integer values are properly promoted to double values.

7. Predict what the following program prints:
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int foo(int n)

{
static int count = 0;
++count;
if (n<=1) {
cout << " count = " << count << endl;
return n;
ks
else
foo(n / 3);
}
int main(Q)
{
foo(21);
foo(27);
foo(243);
}

8. The static storage class is useful in multifile compilation. Predict what the follow-
ing program prints:

// file A.c

static int foo(int i)

{
}

return (i * 3);
int goo(int 1)
{

}
// file B.c

return (i * foo(i));

int foo(int 1)
{

}

return (i * 5);

int goo(int 1i); // imported from file A.c

int main()
{ "

<< foo(5) << endl;
<< goo(5) << endl;

cout << "foo(5)
cout << "goo(5)

}



Ira Pohl’s C++ by Dissection Exercises 136

The program is compiled as follows: g++ A.c B.c. File-scope functions are by default
extern. The foo() in file A.cis private to that file, but goo () is not. Thus, redefin-
ing foo () in file B.c does not cause an error. Try this again, this time dropping
static, to see what error message your compiler gives. Then try a third time, mak-
ing goo() inline in A.c, to see what error message your compiler gives. Recode
these files, using anonymous namespaces to replace the static declarations.

9. C++ provides a method to pass command line arguments into the function main().
The following code prints its command line arguments:

// Print command 1line arguments rightmost first

int main(int argc, char **argv)
{
for (--argc; argc >= 0; --argc)
cout << argv[argc] << endl;

}

Compile this into an executable called echo. Run it with the following command line
arguments:

echo a man a plan a canal panama

The argument argc is passed the number of command line arguments. Each argu-
ment is a string placed in the two-dimensional array argv.

10.Modify the previous program to print the command line arguments from left to
right and to number each of them.

11.Write the function double maximum(double a[], int n). This is a function that
finds the maximum of the elements of an array of double of size n. (See Section
3.21, Software Engineering: Structured Programming, on page 112.)

12.The problem with using void* is that it cannot be dereferenced. Thus, to perform
useful work on a generic pointer, one must cast it to a standard working type, such
as a char®. Write and test

void* memcpy(void* sl, const void* s2, unsigned n)
char* from = s2, *to = sl; // uses char type

13. Write a program that performs string reversal. Assume that s1 ends up with the
reverse of the string s2 and that s1 points at enough store that is adequate for
reversal. (See Section 3.22, Core Language ADT: char* String, on page 115, for some
examples of string-handling functions.)

char* strrev(char* sl, const char®* s2);
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14.Write a program that performs string reversal, using storage allocated with new.
Assume that s1 ends up with the reverse of the string s2, and use new to allocate s1
of length strlen(s2) + 1, which is adequate store for s1.
char* strrev(char*& sl, const char* s2);

15.(Uwe E. Mayer) Rewrite

void order(int& p, int& q)

{
int temp = p;
it (p>a) {
p=4q;
q = temp;
}
}

to make it more efficient. This can be done by reordering some of the operations.
This can be important in an application that calls this simple routine repeatedly.

16. Write a function

double findmin(double fcn(double),

double x0, // initial point
doubTle x1, // terminal point
double incr, // increment

doubTe& xmin)

that returns the value fcn(xmin), where f(xmin) is the minimum value of fcn(x)
in the interval (x0, x1), evaluated at increments of incr, and xmin is an argument
producing that minimum. Rewrite the function findmin() so that the range (0, 1.0)
and the increment 0.00001 are used by default, unless explicitly passed in. Note that
to do this, the preceding function arguments should be used but in a different order.
Why?

17.Write a function

double plot(double y[], double fcn(double),
doubTle x0 = 0.0, double x1 = 1.0,
double incr = 0.001)

that computes y[i] = fcn(x;), where x5 is in the interval (x0, x1), evaluated at
increments of incr. Use the defaults (0, 1.0) and an increment of 0.001, with vy
expected to have 1,000 elements.

18.Redo the previous exercise to use vector<double> vy.

19. Write a function findzero() that finds xzero, the value of x for which the function
fcn(x) is closest to zero in a specified interval. The function findzero() should
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have the same arguments as findmin(). Again write it to have standard default val-
ues for its parameters.

20.Modify the dynamic array program in Section 3.24, Operators new and delete, on
page 121, so that it is initialized by pseudorandom numbers in the range (0,
RAND_MAX). For 5,000 such random numbers, find their average value. See whether,
while using the operator new, you can do this problem for 50,000, 500,000,
5,000,000, .. ., until you find a value on your system that causes new to fail. If you
rewrote this code to use ordinary stack-allocated arrays, at what size on your system
did it fail to allocate the array? Also try the same problem using vector<int>, and
see how large a problem can be run.

21.Write a program that simulates a roulette wheel with the numbers 0 to 35. This is
where the wheel has the numbers 0-35. You should use a random number generator
that gets you one of these values with equal probability. Test your simulation by
spinning the wheel 36, 360, 3,600, and 36,000 times. Store the results in an array of
36 integer values, one for each wheel location. Print the results. Were your results in
agreement with what you expected? In order to start the pseudorandom sequence at
different points, you should use the cstdlib function srand(n) to start the sequence
with the number seed n.

22.Using the functions written in the previous exercise, simulate a gambler making
1,000 bets of one dollar at odds of 35 to 1. Notice that the real odds should be 36 to
1. This favors the casino running the roulette wheel and is why casinos are so profit-
able. The gambler starts with 1,000 dollars. Print out how much the gambler has at
the end of her 1,000 bets. Consider this one trial. Now do this 1,000 times and see
what the average bankroll is after each 1,000 bets. Does this conform with what you
expected?

23.When a gambler persists at a game that favors the casino, it is likely that the gam-
bler will lose his shirt—this is called gambler’s ruin. Give your gambler 100 dollars.
Let him keep betting until he runs out of money. Count how many bets this took.
Notice that if you are very unlucky, this might take only 100 bets. Store this number
in an array, call it ruinLength[]. Do this for 1,000 trials and see what the mini-
mum, maximum, and average length to ruin was. Notice that by using a structured
programming approach, you should be able to easily design your program and com-
plete this exercise.

24.Write a function index (BMI) to compute body mass as follows:
BMI = (weight in kilograms) / (height in meters)2
25.1f the BMI is over 25, you are considered overweight; if it is over 40, you are consid-
ered obese. Test the program on data taken from at least five individuals, printing
out for each name a weight, height, BMI, and BMI category of normal, overweight, or

obese. Store the data in arrays or in vectors.

26. (Java) Recode the BMI program in Java. Use Java arrays to store values for each indi-
vidual.
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Classes and Abstract Data Types
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This chapter introduces the reader to classes. The original name given by Bjarne
Stroustrup to his language was “C with classes.” The name C++ was coined by Rick Mas-
citti in 1983, being a pun on the ++ increment operator. Stroustrup had extensive expe-
rience with Simula67, the first object-oriented language. It was developed in 1967 to be
a simulation language and added the construct class to its base language, ALGOL60.

A class in C++ is an extension of the idea of struct found in C. A class packages a data
type with its associated functions and operators. This in turn can be used to implement
abstract data types (ADTs). An abstract data type, such as a stack, is a set of values and
operations that define the type. The type is abstract in that it is described without its
implementation. It is the job of the C++ programmer to provide a concrete representa-
tion of the ADT. This is usually done with the class.

C++ classes bundle data declarations with function declarations, thereby coupling data
with behavior. The class description also has access modifiers public and private
that allow data hiding. Allowing private and public visibility for members gives the pro-
grammer control over what parts of the data structure are modifiable. The private parts
are hidden from client code, and the public parts are available. It is possible to change
the hidden representation, but not to change the public access or functionality. If this is
done properly, client code need not change when the hidden representation is modi-
fied. A large part of the object-oriented programming (OOP) design process involves
thinking up the appropriate ADTs for a problem. Good ADTs not only model key fea-
tures of the problem but also are frequently reusable in other code.
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4.1 The Aggregate Type class and struct

The class or struct type allows the programmer to aggregate components into a sin-
gle named variable. A class has components, called members, that are individually
named. Since the members of a structure can be of various types, the programmer can
create aggregates that are suitable for describing complicated data.

Student Cards Stack

As a simple example, let us define a structure that describes a point. We can declare the
structure type as follows:

struct point {
double x, y;
}s

In C++, the structure name, or tag name, is a type. In the preceding declaration, struct
is a keyword, point is the structure tag name, and the variables x and y are members of
the structure. The declaration point can be thought of as a blueprint; it creates the type
point, but no instances are allocated. The declaration

point pt;
allocates storage for the variable pt. To access the members of pt, we use the member
access operator, represented by a period, or dot. It is a construct of the form

structure_variable . member_name

The construct is used as a variable in the same way that a simple variable or an element
of an array is used. Suppose that we want to assign to pt the value (-1, +0.5). To do this,
we can write

pt.x = -1;
pt.y = 0.5;

The member name must be unique within the specified structure. Since the member
must always be prefaced or accessed through a unique structure variable identifier,
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there is no confusion between two members that have the same name in different struc-
tures, as in

struct fruit {
char name[1l5];
int calories;

}s

struct vegetable {
char name[1l5];
int calories;

}s
fruit a; // struct fruit a; in C
vegetable b; // struct vegetable b; in C

Having made these declarations, we can access a.calories and b.calories without
ambiguity.

In general, a structure is declared with the keyword struct, followed by an identifier
(tag name), followed by a brace-enclosed list of member declarations, followed by a
semicolon. The tag name is optional but should be expressive of the ADT concept being
modeled. When there is no tag name, the structure declaration is anonymous and can
be used only to declare variables of that type immediately:

struct {
int a, b, c;
} triples [2] = { {3, 3, 6}, {4, 5, 5} };

Note: Omitting the semicolon at the end of a declaration is a typical syntax error.

We use two-dimensional point example in much of this chapter. You should see at dif-
ferent places in the text whether you can extend these ideas to a three-dimensional
point. To test your understanding, do exercise 2 on page 179.

4.2 Member Selection Operator

Now we introduce the member selection operator ->, which provides access to the

members of a structure via a pointer. This operator is typed on the keyboard as a minus

sign followed by a greater-than sign. If a pointer variable is assigned the address of a

structure, a member of the structure can be accessed by a construct of the form
pointer_to_structure -> member_name

An equivalent construct is given by

(* pointer_to_structure) . member_name
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The operators -> and ., along with () and [ ], have the highest precedence, and they
associate left to right. In complicated situations, the two accessing modes can be com-
bined. Here is the point structure:

struct point {
double x, y;

}s

Table 4.1 illustrates its use:

Table 4.1 Declarations and Initialization

point w, *p = &w; point v[5];

w.x =1; w.y =4; v[0] = w;

Expression Equivalent Expression Value
W. X p —> X 1
w.y p >y 4
v[0].x vV -> X 1
C*p).y p >y 4

The member w.x was assigned 1. Therefore, the equivalent expression “pointer p
accessing member x” is 1. The assignment v[0] = w assigns values member by mem-
ber. Therefore, v[0] .x is 1. A more complete example using point is the following:

In file struct_pointl.cpp

// Compute an average point
struct point { double x, y; };

point average(const point* d, int size)
{
point sum = {0, 0};

for (int i = 0; i < size; i++) {
sum.Xx += d->X;
sum.y += d->y;
d++; // d is iterator accessing each point
}
sum.x = sum.x / size;
sum.y = sum.y / size;
return sum;


http://www.cse.ucsc.edu/~pohl/C++BD/04Chap/struct_point1.cpp

Ira Pohl’s C++ by Dissection 4.3 Member Functions 143

int main()

{

point data[5] = { {1.0, 2.0}, {1.0, 3.3},

{5.1, 0.5}, {2.0, 2.0}, {0, O} };

point average_point;

average_point = average(data, 5);

cout << "average point = (" << average_point.X

<< ", " << average_point.y << ") " << endl;

}

4.3 Member Functions

C++ allows functions to be members. C allows only data members. The function decla-
ration is included in the structure declaration. The idea is that the functionality
required by the structure or class should often be directly included in the class or
struct declaration. Such functions are called class methods. This term method, mean-
ing member function, comes from object-oriented programming methodology. This con-
struct improves the encapsulation of the ADT point operations by packaging it
directly with its data representation. An informal idea for designing an object is to
think of the object as a noun, such as point, and to think of methods as verbs that
apply to the noun, such as print(). Let us add a printing operation and an initializing
operation to the ADT point:

In file pointl.cpp

struct point {
double x, y;
void print() const { cout << "(" << x << ","
<<y << ")"; 1}
void set(double u, double v) { x =u; y =v; }

}s

The member functions, or methods, are written in much the same way that other func-
tions are. One difference is that they can use the data member names directly. Thus, the
member functions in point use x and y in an unqualified manner. When invoked on a
particular object of type point, they act on the specified member in that object.

Let us use these member functions in an example:
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int main()

{

}

point wl, w2;

wl.set(0, 0.5);
w2.set(-0.5, 1.5);

cout << "\npoint wl = ";
wl.print(Q);

cout << "\npoint w2 ;
w2.print(Q);

cout << endl;

This prints

point wl =

point w2

Dissection of the point Structure

» struct point {
double x, y;

In classical programming, structures are user-defined data types that
bundle previously defined data types into a new type. In this case, the
new type is point. Its constituents are two doubles, the coordinates
represented by variables x and v.

s void print() const { cout << "(" << x << ",
<<y << ")"; }
void set(double u, double v) { x = u; y = v;}

Object-oriented programming requires that functions be bundled
with data and become the actions available to the type. These mem-
ber functions are also called methods. Here is a simple print()
method that prints out a value for a point. The set() method is
used to change the values of the point’s coordinates. As we shall see
in further examples, it is part of the object-oriented programming
style to use member functions to access the data representation of an
object type. It is considered poor programming practice to directly
manipulate these values in an unrestrained fashion. The const modi-
fier after the function declaration indicates that the function will not
modify any class members. (See Section 4.10, const Members, on
page 161.)

144



Ira Pohl’s C++ by Dissection 4.3 Member Functions 145

m int main()

{

point wl, w2;

The newly defined type looks like any of the native types. Here, two
points are declared in main().

m wl.set(0, 0.5);
w2.set(-0.5, 1.5);
cout << "\npoint wl = ";
wl.print();

Notationally, to call methods of type point requires a point variable
dotted to the method name. In the first line, the point wl is set to
the coordinates (0, 0.5). In the last line, these coordinates would be
printed out by the method print().

Member functions that are defined within the struct are implicitly inline. As a rule,
only short, heavily used member functions should be defined within the struct, as in
the example just given. To define a member function outside the struct, the scope res-
olution operator is used (see Section 4.6, Class Scope, on page 150). Let us illustrate this
by adding a member function, point::plus(). We write it out fully, using the scope
resolution operator. In this case, the function is not implicitly inline.

In file pointl.cpp

struct point {

void plus(point c); // function prototype

// offset the existing point by point c

void point::plus(point c) // definition not inline
{
X += C.X;
y += C.Y;
}
Member functions within the same struct can be overloaded. Consider adding to the
data type point a print operation that has a string parameter printed as the name of
the point. The print operation could be added as the following function prototype
within the struct.
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In file pointl.cpp

struct point {

};

void point::print(const string& name) const

{

cout << name << " (" << x << """ <<y << ")";
}
The definition that is invoked depends on the arguments to print():

wl.print(Q); // standard print
wl.print("\npoint wl = "); // print with name

A member function is conceptually part of the type. The in1ine specification can be
used explicitly, with member functions defined at file scope, which avoids having to
clutter the class definition with function bodies. The grouping of operations with data
emphasizes their objectness. Objects have a description and a behavior. Thinking of an
object as a noun and its behavior as the verbs that are most often associated with that
noun is key to good object design. OOP is a data-centered design approach.

4.4 Access: Private and Public

In C++, structures have public and private members. The keyword private followed
by a colon is used to declare subsequent members to have private access. The private
members can be used by only a few categories of functions. Class member functions
can use private members, and friend functions of the class can use private members.
Friend functions are discussed in Section 5.10, Friend Functions, on page 211.

The keyword pub1ic followed by a colon is used to declare subsequent members to
have public access. The public members can be used by any code.

We modify our example of point to hide its data representation, as follows:

In file point2.cpp

struct point {

public:
void print() const { cout << "(" << x << ","

<<y << ™"}

void print(const string& name) const;
void set(double u, double v) { x = u; vy =v; }
void plus(point c);

private:
double x, y;

}s
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In the following code, an attempt by a nonmember function, foo(), to access the now

private members x and y results in a syntax error:

void foo(point w)

cout <<

X coordinate = << wW.Xx; // syntax error

The keyword protected followed by a colon is used to declare subsequent members to
have protected access. The protected members can be thought of as private members
but with special rules when they are used by a derived class. This is not used here but is
explained in Section 8.1, A Derived Class, on page 330.

Hiding data is an important component of OOP. It allows for more easily debugged and
maintained code because errors and modifications are localized. Client programs need
be aware only of the type’s interface specification. This is also known as the black box
principle. A good design hides unnecessary implementation detail and presents the sim-
plest possible useful user interface to the client.

The interface is great, but what does it do?

4.5 Classes

Classes in C++ are introduced by the keyword class. A form of struct, classes have a
default privacy specification of private, in contrast to structures defined with struct,
which have a default privacy specification of pubTic. Thus, struct and class can be
used interchangeably with the appropriate access specifications. In the following exam-
ple, we modify point to use class:
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In file point3.cpp

class point {

double x, y; // implicitly private
public:
void print() const { cout << "(" << x << "," <<y << ")"; }

void print(const string& name) const;
void set(double u, double v) { x = u; y = v; }
void plus(point c);

s

Contemporary C++ style is to use access specifiers explicitly rather than rely on
defaults. The use of implicit features is labor-saving but error-prone. Therefore, it is
better style to declare point as follows:

In file point4.cpp

class point {
public: // place public members first
void print() const { cout << "(" << x << "," <<y << ")"; }
void print(const string& name) const;
void set(double u, double v) { x = u; y =v; }
void plus(point c);
private:
double x, y;

}s

When access keywords are used, struct and class are interchangeable. Stylistically,
professional C++ programmers use class in preference to struct unless the struct
has only public data members. This text uses access keywords explicitly and places
public members first and private members last. In this need-to-know style, everyone
needs to know the public interface, but only the class provider needs to know the pri-
vate implementation details.

At this point, you should at this point be able to write a class pair. The class pair,
like point, has two fundamental values; for example, the first value might be a name
and the second value a telephone number. Such a pair could provide you an online way
of keeping your personal phone list.

You must show your
membership card to get in

I'm sorry, sir, but I really cannot let you have accessunless you are a member.
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As a second example, let us write an ADT for customer, which many business applica-
tions require. As part of this representation, we will use the Standard Template Library
(STL) string type. This type overloads the binary operator + to produce string concate-
nation.

In file customer.cpp

enum c_kind { general, wholesale, retail };

class customer {
public:
void set_name(const string& 1, const string& f)
{ Tast_name = 1; first_name = f; }
c_kind get_kind() const { return t; }
void set_kind(c_kind k) { t = k; }
void print() const { cout << (first_name +
+ Tast_name) << endl; }
double price_discount() const;
private:
string Tlast_name, first_name;
int id_number;

c_kind t;
s
double customer::price_discount() const
{
if (t == wholesale)
return 0.20;
else
return 0.1;
}

The class customer is an ADT in which the enum type c_kind distinguishes among
three categories of customer so that a different pricing structure can be applied for
each category.

Let us write amain() that tests the use of this new type:

int main(Q)

{
customer c, d;
c.set_name("Poh1", "Ira");
c.set_kind(wholesale);
c.print(Q;

cout << "\nYour PC costs
<< 900 * (1 - c.price_discount())
<< " dollars." << endl;
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Here is the output from this test program:

Ira Pohl

Your PC costs 720 dollars.

Dissection of the customer Class

= enum c_kind { general, wholesale, retail };

Simple ADTs are expressible as an enum type. The enumeration can
be declared inside or outside the class.

= private:
string last_name, first_name;
int id_number;

c_kind t;
};
Implementation is almost always hidden in accord with the black box
principle.

s c_kind get_kind() const { return t; }
void set_kind(c_kind k) { t = k; }

These are typical member functions. There is usually a set() and a
get () method for each data member of the internal representation.
This is part of the public interface for the ADT. It allows, in a con-
trolled fashion, access to key values for the customer type.

4.6 Class Scope

Classes add new scope rules to those of the kernel language. Classes provide an encap-
sulation technique. Conceptually, it makes sense that all names declared within a class
be treated within their own scope, as distinct from external names, namespace names,
function names, and other class names, creating a need for a scope resolution operator.

4.6.1 Scope Resolution Operator

The scope resolution operator, the highest-precedence operator in the language, comes
in two forms. The unary form is used to uncover or to access a name that has external
scope and has been hidden by local or class scope. The binary form places the class or
namespace identifier before the operator and the identifier after the operator.
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1 // unary - refers to external scope
point::x // binary - refers to class scope
std: :cout // binary - refers to namespace scope

In file how_manyl.cpp

int count = 0; // global count
void how_many(doubTle w[], double x, int& count)
{
for (int i = 0; i < N; ++1i)
count += (W[i] == x); // Tocal count
++::count; // global count tracks calls
}

To understand this program fragment, change the parameter int& count to int& cnt.

Now there is no need for the scope resolution operator, as the two identifiers are dis-
tinct.

In file how_many2.cpp

int count = 0; // global count
void how_many(double w[], double x, int& cnt)
{
for (int i = 0; i < N; ++1)
cnt += (wW[i] == Xx);
++count; // global count tracks calls
}

Binary scope resolution is used to clarify names that are reused within classes.

class widgets { public: void fQ; };
class gizmos { public: void fQ; };

void fO { ---.. } // ordinary external f
void widgets::f() { ----- } // T scoped to widgets
void gizmos::f() { ----- } // T scoped to gizmos

One way to think about the scope resolution operator is to view it as providing a path to
the identifier. If there is no scope modifier, normal scope rules apply. Continuing with
the previous example:

widgets w;
gizmos g;

9.tO;

w.fQ;

g.gizmos::f(); // Tlegal but redundant
g.widgets::f(); // illegal-widgets can’t act on gizmo
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462 Nested Classes

Like blocks and namespaces, classes are scopes and can nest. Nesting allows local hid-
ing of names and local allocation of resources. This is often desirable when a class is
needed as part of the implementation of a larger construct. The following nested
classes illustrate current C++ rules:

In file nested.cpp

char «c; // external scope ::cC
class X { // outer class declaration X::
public:
char «c; // X:i:cC
class Y { // inner class declaration X::Y::
pubTlic:
void foo(char e¢) { X t; ::c = t.c =c = e; }
private:
char «c; // Xi:Y::cC
}s
}s

In class Y, the member function foo (), when using : : ¢, references the global variable c;
when using X: : ¢, it references the outer class variable; when using c, it references the
inner class variable X: :Y: :c. All three variables named c are accessible using the scope
resolution operator. Furthermore, purely locally scoped classes can be created within
blocks. Their definitions are unavailable outside their local block context.

void foo()
{
class local { ----- } x;
}
Tocal y; // illegal:local is scoped within foo()

Notice that C++ allows you to nest function definitions by using class nesting, which is a
restricted form of function nesting. The member functions must be defined inside the
local class and cannot be referred to outside this scope.

So which nest is mine?
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Avoid unnecessary nesting as it creates hard-to-follow, complex designs. Good choice of
distinct names is preferable to distinguishing identifiers by scope.

4.7 An Example: Flushing

We want to estimate the probability of being dealt a flush in poker. A flush occurs when
at least five cards are of the same suit. We simulate shuffling cards by using a random
number generator. This is a form of Monte Carlo calculation, named after the famous
gambling resort. As was already mentioned in Section 3.20, Problem Solving: Random
Numbers, on page 108, a Monte Carlo calculation is a computer simulation program
requiring a probability calculation. The program uses classes to represent the necessary
data types and functionality. The key data type is card, which consists of a suit value
and a pips value. A pips value is between 1 and 13. On an actual card, these 13 pips
values are ace, 2,3, - - - - - , 10, jack, queen, and king.

In file poker.cpp

enum suit { clubs, diamonds, hearts, spades };

class pips {
public:
void set_pipsCintn) { p=n%13 + 1; }
int get_pips() const { return p; }
void pr_pips() const { cout << p; }
private:
int p; // meant to hold values [1,13]

}s

class card {
public:
void set_card(int n)
{ s = static_cast<suit>(n/13); p.set_pips(n); }
void pr_card() const;
suit get_suit() const { return s; }
pips get_pips() const { return p; }

private:
suit s;
pips p;

}s


http://www.cse.ucsc.edu/~pohl/C++BD/04Chap/poker.cpp

Ira Pohl’s C++ by Dissection 4.7 An ExampTe: Flushing 154

class deck {
public:
void set_deck();
void shuffle();
void deal(int, int, card*);
void pr_deck() const;

private:
card d[52];
};
void deck::set_deck()
{

for (int i = 0; i < 52; ++1)
d[i].set_card(i);

}
void deck::shufflie()
{
for (int i = 0; i < 52; ++i) {
int k=1 + (randQ) % (52 - 1i));
card t = d[i]; // swap cards
dl(i] = d[k];
dlk] = t;
}
}
void deck::deal(int n, int pos, card* hand)
{
for (int i = pos; i < pos + n; ++1)
hand[i - pos] = d[i];
}

Dissection of the deck Class

= enum suit { clubs, diamonds, hearts, spades };

class pips {
pubTlic:
void set_pips(int n) { p=n%13 + 1; }
private:
int p; // meant to hold values [1,13]
};
The class pips and the enum suit are used to build the card type.
The set_pips() method uses integers 0 to 51 to set an appropriate
pips value for a card. The clustering of member functions and the
data members they act on improves modularity. Behavior and
description are logically grouped together.
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s class card {
pubTlic:
void set_card(int n)
{s=static_cast<suit>(n/13); p.set_pips(n);}

private:
suit s;
pips p;
175

Each level of declaration hides the complexity of the previous level.
The class card uses suit and pips in its representation. The
set_card() method uses integer division to generate an enumerator
value. To recode suit as a class type, you could have a set_suit()
method do the same computation.

m class deck {
public:
void set_deck();
void shuffle();
void deal(int, int, card*);
void pr_deck() const;
private:
card d[52];
b

The class deck declares only the class member functions; defini-
tions come later.

s void deck::set_deck()
{
for (int i = 0; i < 52; ++1)
d[i].set_card(i);
}

The set_deck () function calls card: :set_card() to map the inte-
gers into card values. Again we notice how each part of the design
enables us to segregate function and description into appropriate
object types.
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void deck::shuffle()

{
for (int i = 0; i < 52; ++i) {
int k=1 4+ (randQ) % (52 - 1));
card t = d[i]; // swap cards
dli] = d[k];
dlk] = t;
}
}

The shuffle() function uses the library-supplied pseudo-random
number generator rand() in stdlib to exchange two cards for every
deck position.

We now write main() to test these classes by computing the odds of getting a dealt-out
flush in a poker game. We allow the user to decide how many cards to play, as there are
many poker variants that require between five and nine cards per hand.

#include <iostream>

#include <ctime> // needed for time()

#include <cstdlib> // needed for rand() and srand()
using namespace std;

int main(Q)
{
card one_hand[9]; // max hand is 9 cards
deck dk;
int i, j, k, flush_count = 0, sval[4];
int ndeal, nc, nhand;

do {
cout << "\nEnter no. cards in a hand (5-9): ";
cin >> nc;
} while (nc <5 || nc > 9);
nhand = 52 / nc;
cout << "Enter no. of hands to deal: ";
cin >> ndeal;
srand(time(NULL)); // seed rand() from time()
dk.set_deck();
for (k = 0; k < ndeal; k += nhand) {
if ((nhand + k) > ndeal)
nhand = ndeal - k;
dk.shuffle(;
for (i = 0; i < nc * nhand; i += nc) {
for (j = 0; j < 4; ++j) // zero suit counts
sval[j] = 0;
dk.deal(nc, i, one_hand); // deal next hand
for (j = 0; j < nc; ++3)
sval[one_hand[j].get_suit()]++; // +1 to suit
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}

cout << "\nIn
cout << nc <<

for (3 =0; j < 4; ++3)
if (sval[j] >= 5) // 5 or more is flush
flush_count++;

<< ndeal << ;
'-card hands there were ";

cout << flush_count << " flushes\n";

Dissection of the poker Program

] do {
cout << "\nEnter no. cards in a hand (5-9): ";
cin >> nc;
} while (nc <5 || nc > 9);
nhand = 52 / nc;
cout << "Enter no. of hands to deal: ";
cin >> ndeal;

We first ask the user to enter a number of cards per hand. We insist
with a do loop that we get an integer between 5 and 9. We then input
the number of hands to run the computation on. For a relatively rare
hand, such as a flush, we need a high number of hands to get a rea-
sonable estimate of the probability of flushing. Notice we did not
insist on checking that the number of hands dealt was between some
integer values. A more robust program might also use a do loop for
this input as well.

s srand(time(NULL)); // seed rand() from time()
dk.set_deck();
for (k = 0; k < ndeal; k += nhand) {
if ((nhand + k) > ndeal)
nhand = ndeal - k;
dk.shuffle(;

The deck is initialized and then shuffled using the random number
generator. Each time the deck is dealt, the number nhand represents
how many poker hands per shuffle can be arranged. If we were deal-
ing six-card hands, this would be 8, as 6*8 is 48, but 7*8 is 56 (too
many cards for a 52-card deck). Also note that the library ctime needs
to be included for the call to time() .

» for (j = 0; j < nc; ++3)
sval[one_hand[j].get_suit(Q)]++; // +1 to suit

For each card, we get its suit value. The suit value is an enumerator
that can be used as an index into the sval array. Each of the four ele-
ments of sval stores how many of each suit is found in a given hand.
If one of these values is at least 5, the hand is a flush.

157
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You can test your understanding of the poker program by modifying it to compute the
probability of other poker hands. It is straightforward to compute whether a hand has a
straight. A straight is a hand that has five cards whose p1ips value are in sequence, such
as having a (3, 4, 5, 6, 7).

A Bold Bluff

One of a series of
Dogs Playing Poker
by C. M. Coolidge

4.8 The this Pointer

The keyword this denotes an implicitly declared self-referential pointer that can be
used in a nonstatic member function. Later, we discuss static member functions, where
the this pointer is not available. A simple illustration of the pointer’s use follows.

In file point5.cpp

// Class illustrating the use of the this pointer

class point {

public: // place public members first
void print() const { cout << "(" << x << ","

<<y << ™"}

void print(const string& name) const;
void set(double u, double v) { x =u; y =v; }
void plus(point c);
point inverse() {x = -x; y = -y; return (*this);}
point* where_am_I() { return this; }

private:
double x, y;

};
// Offset the existing point by point c

void point::plus(point c)
{

X += C.X;

y += C.Y;
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int main()

{

point a, b;

a.set(1.5, -2.5);

a.print(Q;

cout << "\na is at " << a.where_am_I() << endl;

b = a.inverse();

b.print();

cout << "\nb is at " << b.where_am_I() << endl;
}

The output on our system is

(1.5,-2.5)
a is at 0x0064fdd4

(-1.5,2.5)
b is at 0x0064fdc4

Note that machine addresses are displayed in hexadecimal and are system-dependent.
In this case, the two addresses differ by hexadecimal 0x10, or decimal 16 bytes, the size
of the two doubTes required to represent a point.

Dissection of the this Pointer
s point inverse() { x = -x; y = -y; return (*this);}

The member function inverse() inverts the value of the point it
acts on. It then uses the built-in self-referential this pointer to return
the value of that point.

s point* where_am_I() const { return this; }

The member function where_am_I () returns the address in memory
of the given object. In the output from main(), we see how it can be
used for tracing the program execution by showing the address of the
point object that it is applied to.

4.9 static Members

C++ allows static members. Using the modifier static when declaring a data member
means that the data member is independent of any given class variable. The data mem-
ber is part of the class but separate from any single class object. Nonstatic data mem-
bers are created for each instance of the class. A static data member is commonly
accessible by all instances of its class; it is a global member within class scope. Another
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difference between static and nonstatic members is that static members cannot use
the this pointer.

Since a static member is independent of a particular instance, it can be accessed in the
form

class-name :: identifier

Note the use of the scope resolution operator. A static member of a global class must be
explicitly declared and defined in file scope. For example, if we want a counter to keep
track of how many points are declared at any time, we can add to class point as fol-
lows:

class point {

public:
static int how_many; // declaration
}s
int point::how_many = 0; // initialization

++point::how_many; // use independent of any instance

The static member point::how_many needs a definition separate from an ordinary
point variable, since it exists independently from these variables. The static member
can be used with scope resolution, since it exists independent of point objects. Syntac-
tically, a static member function has the modifier static precede the return type
inside the class declaration. The preferred style for accessing static members is to use
scope resolution. Pointer and dot operator access are misleading and give no indication
that the member is static. The definition outside the class must not have this modi-
fier.

class point {

static print_how_many(Q); // static goes first

int point::print_how_many() // no static keyword here
{ cout << "How many points " << how_many << endl; }

The next section discusses the const modifier applied to member functions and shows
a further example using static members.
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4.10 const Members

A data member declared with the const modifier cannot be modified after initializa-
tion. A nonstatic member function can also have the const modifier. Syntactically, a
const member function has the modifier const follow the argument list inside the
class declaration, and its definition outside the class must also have this modifier. A
const member function is not allowed to modify any of its implicit arguments.

class person {

int print_age() const;
private:

int age;

}s

int person::print_age() const // age unmodifiable
{ cout << "age is " << age << endl; }

An ordinary member function invoked as

x.method(i, j, k);

has an explicit argument list 1, j, k and an implicit argument list that includes the mem-
bers of x. The implicit arguments can be thought of as a list of arguments accessible
through the this pointer. A const member function cannot modify its implicit argu-
ments. Writing out const member functions and parameter declarations is called const-
correctness and is an important aid in writing code. In effect, it is an assertion that the
compiler should check that an object does not have its values modified. Const-correct-
ness can also allow the compiler to apply some special optimizations, such as placing a
const object in read-only memory. The following example illustrates these ideas:

In file salary.cpp

// Calculate salary using static members

class salary {
public:
void set(int b) { b_sal = b; your_bonus = 0; }
void calc_bonus(double perc)
{ your_bonus = b_sal * perc; }
static void set_all_bonus(int p)
{ all_bonus = p; }
int comp_tot() const
{ return (b_sal + your_bonus + all_bonus); }

private:
int b_sal;
int your_bonus;
static int all_bonus; // declaration

}s
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// declaration and definition
int salary::all_bonus = 100;

int main(Q)

{

salary wl, w2;

wl.set(1000);

w2.set(2000);

wl.calc_bonus(0.2);

w2.calc_bonus(0.15);
salary::set_all_bonus(400);

cout << " wl " << wl.comp_tot() << " w2 "

<< w2.comp_tot() << endl;

Dissection of the salary Program

s class salary {

private:

int b_sal;

int your_bonus;

static int all_bonus; // declaration
I

There are three private data members. The static member
all_bonus requires a file-scope declaration and can exist indepen-
dently of any specific variables of type salary being declared.

» void set(int b) { b_sal = b; your_bonus = 0; }

This assigns the value of b to the member b_sa’l. This member func-
tion initializes the base salary. The variable your_bonus is also ini-
tialized. Although our small example did not require this, it is a good
habit to initialize all member variables. As we see in Section 5.1,
Classes with Constructors, on page 184, special functions called con-
structors are used when initialization and object creation are needed.

» void calc_bonus(double perc)
{ your_bonus = b_sal * perc; }

The right hand side of the assignment is a calculation of an int
times a double. This results in a doubTe. The assignment to an int
causes a narrowing conversion resulting in the value for your_bonus.

s static void set_all_bonus(int p) { all_bonus = p; }

The modifier static must come before the function return type.

162
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= int comp_tot() const
{ return (b_sal + your_bonus + all_bonus); }

The const modifier comes between the end of the argument list and
the beginning of the code body. This modifier indicates that no data
member has its value changed. Thus, it makes the code more robust.
In effect, the self-referential pointer is passed as
const salary* const this.

= salary::set_all_bonus(400);

A static member function can be invoked by using the scope resolu-
tion operator. The member function could also have been invoked as
wl.set_all_bonus(400), but this is misleading since there is noth-
ing special about the class variable wl.

Also allowed in C++ is static const initialization within a class declaration.

class salary {

private:
const static int all_bonus = 1000; // initializer

const int salary::all_bonus; // declaration required

163

Note: This is ANSI C++, but the GNU compiler g++ allows a user to avoid the further dec-
laration outside the class. If all_bonus is initialized in this way, then

set_all_bonus() no longer works, because al1_bonus is now a constant.

410.1 Mutable Members

The keyword mutable allows data members of class variables that have been declared
const to remain modifiable. It also allows const member functions to modify that data
member. This reduces the need to cast away constness using const_cast<>. The key-

word is used as follows:
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In file person.cpp

class person { // Class with mutable members
public:

person(const string namep, int agep, unsigned long ssn)

name (namep), age(agep), soc_sec(ssn) { }
void bday() const { ++age; }
void print() const { cout << name << is " << age
<< " years old. SSN = " << soc_sec << endl; }

private:

mutable int age; // always modifiable

const unsigned long soc_sec;

const string name;

s

int main(Q)

{
const person ira("ira pohl", 38, 1110111);
ira.print();
ira.bday(Q); // okay, ira.age is mutable
ira.print();

}

The key point is that without the mutabTe modifier on the declaration of age, bday ()
could not modify ira’s age normally because ira was declared const. To fully under-
stand this example, you will need to read about constructors and initializer syntax in
Chapter 5, Ctors, Dtors, Conversions, and Operator Overloading.

4.11 A Container Class Example: ch_stack

A container is a data structure whose main purpose is to store and retrieve a large num-
ber of objects. In the kernel language, an array acts as such a structure. In this section,
we develop code that is used to store character values in a stack, which is a last-in-first-
out (LIFO) container. We code the stack class ch_stack that stores characters.

In file ch_stackl1.h

class ch_stack {
public:
void reset() { top = EMPTY; }
void push(char c) { +s[++top] = c; }
char pop() { return s[top--1; }
char top_of() const { return s[top]; }
bool empty() const { return (top == EMPTY); }
bool full() const { return (top == FULL); }
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private:
enum { max_len = 100, EMPTY = -1, FULL = max_Tlen - 1 };
char s[max_len];
int top;
};
The basic operations on a stack are push and pop. The push operation places a value on
the top of the stack, and the pop operation removes the value at the top of the stack.
We use a fixed-length char array to implement the stack. Later, we talk about other,
more flexible implementations.

We now write main() to test the same operations.

In file ch_stackl1.cpp

// Reverse a string with a ch_stack

int main()

{
ch_stack s;
char str[40] = { "My name is Don Knuth!" };
int i=0;
cout << str << endl;
s.reset(); // s.top = EMPTY; 1is illegal
while (str[i] && !'s.full1())
s.push(str[i++]);
while (!s.empty()) // print the reverse
cout << s.popQ);
cout << endl;
3

The output from this version of the test program is

My name is Don Knuth!

'htunK noD si eman yM

Dissection of the ch_stack Class

= private:
enum { max_len = 100, EMPTY = -1,
FULL = max_len - 1 };
char s[max_len];
int top;

As usual, we hide the implementation details. In this case, we repre-
sent the stack of characters with a fixed-length array.
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= bool empty() const { return (top == EMPTY); }
bool full() const { return (top == FULL); }

These functions do not modify the stack, hence we declare them
const. They are known as accessor functions. They access informa-
tion describing the stack.

s void push(char c) { s[++top] = c; }
char pop() { return s[top--]1; }

These functions manipulate and change the stack. They are known as
mutator functions and cannot be declared const.

s Ss.reset(); // s.top = EMPTY; is illegal
while (str[i] && !s.full(Q))
s.push(str[i++]);

As the comment in main() states, access to the hidden variable top is
controlled. The variable can be changed by the member function
reset () but cannot be accessed directly. Also, notice how the vari-
able s is passed to each member function, using the member access
operator form, as in s . function.

4,12 Software Engineering: Class Design

The access order for classes has traditionally been private first:

class ch_stack {
// private by default
int top;
enum { max_len = 100, EMPTY = -1,
FULL = max_len - 1 };
char s[max_len];
public:
void reset() { top = EMPTY; }
void push(char c¢) { s[++top] = c; }
char pop() { return s[top--]; }
char top_of() const { return s[top]; }
bool empty() const { return (top == EMPTY); }
bool full() const { return (top == FULL); }

}s

The reason is that in the original form of C++, only the access keyword publ1ic was
present. The access keywords private and protected did not exist. By default, mem-
ber access for class was private; therefore, the private members had to come first.

The style of public first is becoming the norm. It follows the rule that the widest audi-
ence needs to see the public members. More specialized information is placed later in
the class declaration. This can be thought of as a need-to-know principle or newspaper
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principle. In a newspaper, the first sentence gives the most important and most widely
disseminated information. Details are left for later.

Data members should in general be private. This is an important coding heuristic. Gen-
erally, data are part of an implementation choice and should be accessed through pub-
lic member functions. Such member functions are called accessor functions when they
do not change, or mutate, the data. This is not necessarily inefficient because simple
accessor member functions can be inline. In the class ch_stack, the member functions
top_of (), empty(), and full() are all inline accessor functions. Accessor functions
should be declared const. The member function reset() is a mutator. It allows a con-
strained action on the hidden variable top. Notice how much safer such a design is. If
top were directly accessible, it would be easy for it to be inappropriately changed.

In OOP design, the public members are usually functions and are thought of as the
type’s interface. These are the actions, or behaviors, publicly expected of an object. If
we think of the object type as a noun, the behaviors are verbs. In the implementation,
data members are generally placed in private access. This is a key data-hiding principle;
namely, that implementation is kept inside a black box that cannot be directly exploited
by the object’s user.

There is a way through indirection to provide additional data hiding. This is through the
use of a separate class for the underlying data representation. This technique is called
the Cheshire Cat technique, in honor of Lewis Carroll’s cat that disappeared leaving
only a smile. Let us recode class ch_stack to use this technique:

class ch_stack {
public:
void reset() { ptr -> reset(); }
void push(char c)
{ ptr->push(c); }
char pop() { return ptr->pop(Q; }
char top_of() const { return ptr->top_of(); }
bool empty() const
{ return ptr -> empty(Q); }
bool full() const
{ return ptr -> fullQ; }
private:
ch_stk_rep* ptr; // opaque pointer
}s

All the data and underlying operations are handled through the ch_stk pointer. The
class ch_stack is therefore known as a wrapper class. The relationship between the
wrapper class and the underlying representation class is called the handle design pat-
tern. We will illustrate this relationship when we introduce Unified Modeling Language
(UML) diagrams in Section 4.12.2, Unified Modeling Language (UML) and Design, on page
169.
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class ch_stk_rep {
public:
void reset() { top = EMPTY; }
void push(char c)
{ s[top++] = c; }
char pop() { return s[top--]; }
char top_of() const { return s[top]; }
bool empty() const
{ return (top == EMPTY); }
bool full() const
{ return (top == FULL); }
private:
enum { max_len = 100, EMPTY = -1,
FULL = max_len - 1 };
int top;
char s[max_len];

Noun: Ball Verbs: Bounce Hit Throw

4121 Trade-Offs in Design

Design is all about trade-offs. Recall our poker example and our use of an enum type to
describe suit. What if this were recoded as a class?

Change the suit declaration from an enumerated type to a class as follows:

class suit {
public:
void set(int n) { s =n/ 13; }
int get_suit() const { return s; }
void print() const;
private:
enum suit_val
{ clubs, diamonds, hearts, spades } s;

}s
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We add the member function get_suit() to access the hidden integer value of a suit
variable. The advantage is that suit and p1ips are now treated symmetrically, with both
being given class definitions. The disadvantage is that we have added more code and a
layer of methods to access what is basically a simple type having four unique values.
There is no clear answer as to which choice for suit is better. In one sense, the curse of
C++ is that there are too many opportunities, but this is also its great benefit over sim-
pler languages such as Java.

4.12.2 Unified Modeling Language (UML) and Design

The Unified Modeling Language (UML) is a graphical depiction of class relationships that
helps the coder design, document, and maintain object-oriented code. The simplest dia-
gram is a rectangle that represents a class. Generally, the class has three things
depicted: its name, placed at the top; its data members, placed in the middle; and its
methods, placed at the bottom. The following UML diagram corresponds to the person
class in Section 4.10.1, Mutable Members, on page 164.

person

name
age
soc_sec

bday()

UML Diagram for Class person

A class diagram describes the types and relationships in the system. It is very useful
documentation, and a number of systems, such as Rational Rose, now provide auto-
mated tools to develop such documentation along with coding. A relationship that can
be depicted by UML includes the part-whole, or aggregation, relationship (HASA). For
example, a handle type such as ch_stack has a representation class class
ch_stk_rep pointer.

ch_stack ch_stk_rep
ptr top
s[]
push() push()

Handle Class in UML
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The representation class is used to concretely implement the handle class. This rela-
tionship recurs in many object-oriented coding schemes. It is called the bridge or han-
dle design pattern. A design pattern is a recurring software solution to a problem,
usually involving several classes collaborating to solve the problem. The book Design
Patterns: Elements of Reusable Object-Oriented Software, by Gamma, et al. (Addison-
Wesley, 1995) popularized this approach by listing over 20 such patterns with catchy
names, such as the bridge pattern.

4.13 Dr. P's Prescriptions

= Indentation is as follows: class, access keywords, and closing brace all line up and
are placed on separate lines. Member declarations are indented and line up verti-
cally.

= Access privileges are in order: public, protected, and private.

= Data members should be private.

= const your member functions where possible.

= Provide a uniform set of methods, such as set(), get(), and print().
= Use inlining only when vital to performance.

The indentation rules are consistent with industry practice. The idea behind placing
more visible members first is based on the same logic used in newspaper articles—
namely, what everyone needs to know comes first. What everyone needs to know are the
public members. This is the interface available to all users of the class.

In most designs, it is appropriate to make data members private. As we explained, this
is the black box principle. The builder (read: programmer) hides the details of the
implementation. The client benefits by having to see and understand fewer details and
being protected from obvious misapplications.

Many member functions, such as print methods, are accessor but not mutator func-
tions. This means they do not change values of the object they are using. In these cases,
the methods should be declared const. This is good programming methodology. It
allows the compiler to check for key correctness attributes of the code. It also allows
the compiler to perform certain optimizations that come from knowing the object’s
value is not changed by the method. Note: const does not have an effect on what the
function computes, so many lazy programmers choose to not use it.

A client expects to print information about a data type, so almost all data types need
print methods in their interface. A client expects to retrieve and change key values of
the object. A proper choice of set and get methods allows the class programmer to pro-
vide these services. Providing these functions with like names and uses makes it easier
to code new types and have clients easily use them.

Inlining comes at a cost. The inline function is expanded to a body of code rather than
just a function call. This can cause code bloat. More important, inlining forces develop-
ers to recompile their entire code base when these functions are rewritten. Changing a
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non-inline function requires only a relink as long as the interface remains the same.
(George Belotsky mentioned this in a private note.)

4.14 C++ Compared with Java

Java classes are based on the C++ aggregate type class. A class provides the means
for implementing a user-defined data type and associated functions. Therefore, a class
can be used to implement an ADT. Unlike in C++, however, functions, or methods, as
they are called in Java, cannot exist outside a class construct. Also Java class types are
always reference types. The Java primitive types, such as int or char are value types.
Let us write a class called Person that is used to store information about people:

In file Person.java

// An elementary Java implementation of type Person

class Person {
public void setName(String nm) { name = nm; }
public void setAge(int a) { age = a; }
public void setGender(char b) { gender = b; }
public String toString()
{ return (name + " age 1is " + age

+ " gender is " + gender); }
private String name;
private int age;
private char gender; // male 'M', female 'F'

}s

As with C++ classes, Java has two important additions to the structure concept of tradi-
tional C. First, Java has members called class methods that are functions, such as set-
Age (). Second, Java has both public and private members. The keyword public
indicates the visibility of the members that follow it. Without this keyword, the mem-
bers are private to the class. Private members are available for use only by other mem-
ber functions of the class. Public members are available anywhere the class is available.
Privacy allows part of the implementation of a class type to be hidden and prevents
unanticipated modifications to the data structure. Restricted access, or data hiding, is a
feature of object-oriented programming.

The declaration of methods inside a class allows the ADT to have actions, or behaviors,
that can act on its private representation. For example, the member function
toString() has access to private members and gives Person a string representation
used in output. This method is common to many class types.

We can now use this data type Person as if it were a basic type of the language. Other
code that uses this type is a client. The client can use only the public members to act on
variables of type Person.
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// PersonTest.java uses Person

public class PersonTest {
public static void main (String[] args)

{
System.out.printin("Person test:");
Person pl = new Person(); // create Person
pl.setAge(20);
pl.setName("Alan Turing");
pl.setGender('M');
System.out.printin(pl.toString());

}

}

The output of this example program is

Person test:

Alan Turing age is 20 sex is M

Notice the use of new Person() to create an instance of Person. The new operator goes
off to the heap, as it does in C++, and obtains memory for creating an instance of object
Person. The value of pl is a reference to this object. In effect, this is the address of the
object. For a more detailed look of a similar example, and explanation of the nuances of
Java classes, read Java by Dissection (Addison-Wesley) by Ira Pohl and Charlie McDowell,
pages 234 to 242.

4.15 Advanced Topics

This section can be omitted on a first reading, as it is about less used and arcane facili-
ties.

4151 Pointer to Class Member

A pointer to class member is distinct from a pointer to class. A pointer to class mem-
ber’s type is T: : *, where T is the class name. C++ has two operators that act to derefer-
ence a pointer to class member. The two pointer-to-member operators are .* and ->*.
Think of obj. *ptr_mem and pointer->*ptr_mem as first accessing the object and then
accessing and dereferencing the member that is specified. The following code shows
how to use these operators.
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In file show_hide.cpp

//Pointer to class member

class X {
public:
int visible;
void print() const
{ cout << "\nhide = " << hide
<< " visible = " << visible; }
void reset() { visible = hide; }
void set(int i) { hide = 1i; }
private:
int hide;
};

typedef void (X::*pfcn)();

int main()

{
X a, b, *pb = &b;
int X::*pXint = &X::visibl