








Introduction

electricity. A hard disk consists of rotating platters, which are coated with a magnetic
material. A solid-state drive uses electronic components that can retain information
without power, and without moving parts.

To interact with a human user, a computer requires peripheral devices. The com-
puter transmits information {called outpur) to the user through a display screen,
speakers, and printers. The user can enter information (called input) for the computer
by using a keyboard or a pointing device such as a mouse.

Some computers are self-contained units, whereas others are interconnected
through networks. Through the network cabling, the computer can read data and
programs from central storage locations or send data to other computers. To the user
of a networked computer, it may not even be obvious which data reside on the com-
puter itself and which are transmitted through the network.

Figure 3 gives a schematic overview of the architecture of a personal computer.
Program instructions and data (such as text, numbers, audio, or video) reside in sec-
ondary storage or elsewhere on the network. When a program is started, its instruc-
tions are brought into memory, where the CPU can read them. The CPU reads and
executes one instruction at a time. As directed by these instructions, the CPU reads
data, modifies it, and writes it back to memory or secondary storage. Some program
mnstructions will cause the CPU to place dots on the display screen or printer or to
vibrate the speaker. As these actions happen many times over and at great speed, the
human user will perceive images and sound, Some program instructions read user
input from the keyboard, mouse, touch sensor, or microphone. The program ana-
lyzes the nature of these inputs and then executes the next appropriate instruction.

o

Printes \

Mouse/Trackpaé ’
Keyboard | Secondary storage Q

Monitor

Microphone ”

I Speakers

!

N |

Internet

Figure 3 Schematic Design of a Personal Computer









Becoming Familiar with Your Programming Environment 7

Java was designed so that anyone can execute programs in their browser without
fear. The safety features of the Java language ensure that a program is terminared if it
tries to do something unsafe. Having a safe environment is also helpful for anyone
1earnmg Java. When you make an error that results in unsafe behavior, your program
is terminated and you receive an accurate error report,

The other benefit of Java is portability. The same Java program will run, without
change, on Windows, UNIX, Linux, or Macintosh. In order to achieve portability,
the Java compiler does not translate Java programs directly into CPU instructions.
Instead, compiled Java programs contain instructions for the Java virtual machine,
a program that simulates a real CPU. Portablhty is another benefit for the beginning
student. You do not have to learn how to write programs for different platforms.

At this time, Java is firmly established as one of the most important languages for
general-purpose programming as well as for computer science instruction. However,
although Java is a good language for beginners, it 1s not perfect, for three reasons.

Because Java was not specifically designed for students, no thought was given to
making it really s1mple to write basic programs. A certain amount of technical machin-
ery is necessary to write even the 51mplest programs. This is not a problem for pro-
fessional prograinmers, but it can be a nuisance for beginning students. As you learn
how to program in Java, there will be times when you will be asked to be satisfied with
a preliminary explanation and wait for more complete detail in a later chapter.

Java has been extended many times during its life—see Table 1. In this book, we
assume that you have Java version 7 or later.

Finally, you cannot hope to learn all of Java in one course. The Java language itself
is relatively simple, bur Java contains a vast set of library packages that are required
to write useful programs. There are packages for graphics, user-interface design,
cryptography, networking, sound, database storage, and many other purposes. Even
expert Java programmers cannot hope to know the contents of all of the packages—
they just use those that they need for particular projects.

Using this book, you should expect 1o learn a good deal about the Java language
and ahout the most important packages. Keep in mind that the central goal of this
book is not to make you memorize Java minutiae, but to teach you how to think
about programming.

What are the two most important benefits of the Java language?
How long does it take to learn the entire Java library?

Now you can try this exercise at the end of the chapter: R1.5.

Becoming Familiar with Your
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Many students find that the tools they need as programmers are very different from
the software with which they are familiar. You should spend some time making your-
self familiar with your programming environment. Because computer systems vary
widely, this hook can only give an outline of the steps you need to follow. It is a good
idea to participate in a hands-on lab, or to ask a knowledgeable friend to give you a tour.
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Figure 7
A Faolder Hierarchy

Introduction

files as well as other folders, which themselves can contain more files and folders (see
Figure 7). This hierarchy can be quite large, and you need not be concerned with all of
its branches. However, you should create folders for organizing your work. Itis a
good idea to make a separate folder for your programming coursework. Inside that
folder, make a separate folder for each program.

Some programming environments place your programs into a default location if
you don’t specify afolder yourself. In that case, you need to find out where those files

are located.

Be sure that you understand where your files are located in the folder hierarchy.
This information is essential when you submit files for grading, and for making
backup copies {(see Programming Tip 1.1).

Where is the HelToPrinter. javafile stored on your computer?

What do you do to protect yourself from data loss when you work on program-
ming projects?

Now you can try this exercise at the end of the chapter: R1.6.
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4 many hours creating and improving Java programs. It is

a file by accident, and occasionally files are lost because

*mallunction. Retyping the contents of lost files is frus-

me-consuming. It is therefore crucially important that

7 to safeguard files and get in the habit of doing so before

s. Backing up files on a memory stick is an casy and convenient storage method
ple. Another increasingly popular form of backup is Internet file storage. Here
ters to keep in mind:

‘en. Backing up = file takes only a few seconds, and
te vourself if you have to spend many hours

rervastina worl that you could have saved easily. I recommend

up your work once every thirty minutes,

5, Use more than onc directory for backups, and rotate them. That is, first
‘he first directory. Then back up onto the second directory. Then use the

1 g0 back to the first. That way you always have three recent backups. If
anges made matters worse, you can then go hack to the older version.

‘o the backup direction. Backing up involves copying files from one place to
nportant that you do this right—that is, copy from your work location to
ation. If you do it the wrong way, you will overwrite a newer file with an

ichups once in a while. Double-check that your backups are where you think
z1s nothing more frustrating than to find cut that the backups are not there
1them.

itore. When you lose a file and need to restore it from a backup, you are
an unhappy, nervous state. Take a deep breath and think through the

2ss before you start. It is not uncommon for an agitated computer user to
st backup when trying to restore a damaged file.
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In our example program, the main method has a single statement:
System.out.printin("Helle, World!");
This statement prints a line of text, namely “Hello, World!”. In this statement, we cal/

a method which, for reasons that we will not explain here, is specified by the rather

long name System.out.printin.
We do not have to implement this method —the programmers who wrote the Java

library already did that for us. We simply want the method to perform its intended
task, namely to print a value.
Whenever you call a method in Java, you need to specify

The method you want to use (in this case, System.cut.printin).

Any values the method needs to carry out its task (in this case, "Hello, World!").
The technical term for such a value is an argument. Arguments are enclosed in
parentheses. Multiple arguments are separated by commas.

A sequence of characters enclosed in quotation marks
"Hello, Worid!"

is called a string. You must enclose the contents of the string inside quotation marks
so that the compiler knows you literally mean "Hello, world!". There is a reason for
this requirement. Suppose you need to print the word main. By enclosing it in quota-
tion marks, "main", the compiler knows you mean the sequence of charactersm a i n,
not the method named main. The rule is simply that you must enclose all text strings
in quotation marks, so that the compiler considers them plain text and does not try to
interpret them as program instructions.
You can also print numerical values. For example, the statement

System.out.printin(3 + 4);
evaluates the expression 3 + 4 and displays the number 7.
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The System.out.printIn method prints a string or a number and then starts a new
line. For example, the sequence of statements

System.out,printIn("Hella"):
System.out.printIn{"World!");

prints two lines of text:

Hello
World!

There is a second method, System.out.print, that you can use to print an item withour
starting a new line. For example, the output of the two statements

System.out.print("00");
System.out.printIn{3 + 4);

is the single line
007

How do you modily the HelloPrinter program to greet you instead?

How would you modify the HelloPrinter program to print the word “Hello”
vertically?

Would the program continue to work if you replaced line 7 with this statement?
System,out.printin(Hello);

What does the following set of statements print?

System.out.print{"My lucky number is5"):

System.out.printIn(3 + 4 + 5);

What do the following statements print?

System.out.printin("Hello"™);
System.out.printin("");
System.out.printin{"World");

Now you can try these exercises at the end of the chapter: R1.7, R1.8, E1.5, E1.8.
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but the resulting program will do something wrong. It is the responsibility of the
program author to test the program and find any run-time errors.

Suppose you omit the "" characters around Hello, World! from the HellaPrinter.
java program. Is this a compile-time error or a run-time error?

Suppose you Change printInto printline in the HelloPrinter. java program. Is this
a complle -time error or a run-time error?

Suppose you change main to helle in the HelloPrinter. java program. Is this a
compile-time error or a run-time error?

When you used your computer, you may have experienced a program that
“crashed” (quit spontaneously) or “hung” (failed to respond to your input). Is
that behavior a compile-time error or a run-time error?

Why can’t you test a program for run-time errors when it has compiler errors?

Now you can try these exercises at the end of the chapter: R1.9, R1.10, R1.11.

System.out.printtn("Hello, World!");

3

This class declares a method called Main. The compiler will not consider this to be the same as
the main method, because Main starts with an uppercase letter and the Java language is case sen-
sitive, Upper- and lowercase letters are considered to be completely different from each other,
and to the compiler Main is no better match for main than rain. The compiler will cheerfully
compile your Main method, but when the Java virtual machine reads the compiled file, it will
complain about the missing main method and refuse to run the program. Of course, the mes-
sage “missing main method” should give you a clue where to look [or the error.

If you get an error message that seems to indicate that the compiler or virtual machine is on
the wrong track, check for spelling and capitalization. If you misspell the name of a symbaol
{for example, ou instead of out), the compiler will produce a message such as “cannot find sym-

hal an? That avear mmaccama 1o 11011aller 4 mmad aliia thar st mmada s cmalling avenar

You will soon learn how to program calculations and decision making in Java. But
before we look at the mechanics of implementing computations in the next chapter,
let’s consider how you can describe the steps that are necessary for finding the solu-
tion to a problem.
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You may have run across advertisements that

encourage you to pay for a computerized service

that matches you up with a love partner. Think

how this might work. You fill out a form and send

it in. Others do the same. The data are processed

by a computer program. Is it reasonable to assume

that the computer can perform the task of finding

the best match for you? Suppose your younger

brother, not the computer, had all the forms on his

desk. What instructions could you give him? You

can’t say, “Find the best-locking person who likes

inline skating and browsing the Internet”. There Finding the perfect partrer is not a
is no objective standard for good looks, and your ~ #roblemthata computer can solve.
brother’s opinion (or that of a computer program

analyzing the photos of prospective partners) will likely be different from yours. If
you can’t give written instructions for someone to solve the problem, there is no way
the computer can magically find the right solution. The computer can only do what
you tell it to do. It just does it faster, without getting bored or exhausted.

For that rcason, a computerized match-making service cannot guarantee to find
the optimal match for you. Instead, you may be presented with a set of potential part-
ners who share common interests with you. That is a task that a computer program
can solve.

In order for a computer program to provide an answer to a problem that computes
an answer, it must follow a sequence of steps that is

Unambiguous
Fxecutable

Terminating

The step sequence is #unambignons when there are precise instructions for what to do
at each step and where to go next. There is no room for guesswork or personal opin-
ton. A step is executable when it can be carried out in practice. For example, a com-
puter can list all people that share your hobbies, but it can’t predict who will be your
life-long partner. Finally, a sequence of steps is terminating if it will eventually come
to an end. A program that keeps working without delivering an answer is clearly not
usetful.

A sequence of steps that is unambiguous,
executable, and terminating is called an algorithm.
Although there is no algorithm for finding a part-
ner, many problems do have algorithms for solving
them. The next section gives an example.

An algorithm is a recipe for
finding a solution.
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years does it take tor the account balance to be double the original?

Could you solve this problem by hand? Sure, you could. You figure out the balance
as follows:

You keep going until the balance is at least $20,000. Then the last number in the year
column is the answer.

Of course, carrying out this computation is intensely boring to you or your
younger brother. But computers are very good at carrying out repetitive calcula-
tions quickly and flawlessly. What is important to the computer is a description of the
steps for finding the solution. Fach step must be clear and unambiguous, requiring no
guesswork. Here 1s such a description:

Start with a year value of 0, a column for the interest, and a balance of $10,000.

Repeat the following steps while the balance is less than $20,000
Add 1 to the year value,
Compute the interest as balance x 0.05 {i.e., 5 percent interest).
Add the interest to the balance.

Report the final year value as the answer.

These steps are not yet in a language that a computer can understand, but you will
soon learn how to formulate them in Java. This informal description is called pseudo-
code, We examine the rules for writing pseudocode in the next section.
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Determine the inputs and outputs.

In our sample problem, we have these inputs:
purchase pricet and fuel efficiencyl, the price and fuel efficiency {in mpg) of the first car
purchase price2 and fuel efficiency, the price and fuel efficiency of the second car

We simply want to know which car is the better buy. That 1s the desired output.

Break down the problem into smaller tasks.

For each car, we need to know the total cost of driving it. Let’s do this computation separately
for each car. Once we have the total cost for each car, we can decide which car is the better deal.

The total cost for each car is purchasa price + aperating cost.

We assume a constant usage and gas price for ten years, so the operating cost depends on the
cost of driving the car for one year.

The operating cost is 10 x annugl fuel cost.
The annual fuel cost is priee per gallon x annual fusl consumed.

The annual fuel consumed is annuel miles driven / fuel efficiency. For example, if you drive the car
for 15,000 miles and the fuel efficiency is 15 miles/gallon, the car consumes 1,000 gallons.

Describe each subtask in pseudocode.

In your description, arrange the steps so that any intermediate values are computed before
they are needed in other computations. For example, list the step

total cost = purchase price + operating sost

after you have computed operating cost.
Here is the algorithm for deciding which car to huy:

For each car, compute the total cost as follows:
gnnual fuel consumed = annual miles driven / fuel efficiency
annual fue! cost = price per gallon x annval fuel consumed
operating cost = 10 x annual fuel cost
total cost = purchase price + operating cost

If total costt < fotal cost2
Choose cart.

Else
Choose car2.

Test your pseudocode by working a problem.

We will use these sample values:

Car 1: $25,000, 50 miles/gallon
Car 2: $20,000, 30 miles/gallon

Here is the calculation for the cost of the first car:

annual fuel consumed = annual miles driven / fuel efficiency = 15000/ 50 = 300
annual fue! cost = price per gallon « annuel fuel consumed = 4 x 300 = 1200
operating sost = 10 x annual fuel cost = 10 x 1200 = 12000

total cost = purchase price + operating cost = 25000 + 12000 = 37000

Similarly, the total cost for the second car is $40,000. Therefore, the output of the algorithm is
to choose car 1.
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java.io.PrintStream java.lang.System
print out
printin

Explain the difference between using a computer program and programming a

computer.

Which parts of a computer can store program code? Which can store user data?

Which parts of a computer serve to give information to the user? Which parts take

user input?

A toaster is a single-function device, but a computer can be programmed to carry out
different tasks. Is your cell phone a single-function device, or is it a programmable
computer? (Your answer will depend on your cell phone model.)

Explain two benefits of using Java over machine code.

On your own computer or on a lab computer, find the exact location (folder or

directory name) of

The sample file HeTloPrinter. java, which you wrote with the editor,

The Java program launcher java.exe or java.
The hibrary file rt.jar that contains the run-time library.

What does this program print?

public class Test

{

public static void main(String[] args)

{
System.out.printin("3% + 3");

System.out.printin(39 + 3},

}
}

What does this program print? Pay close attention to spaces.

public class Test

{
public static void main(String(] args)
{
System.out.print("Helle™);
System.out.printIn{"World");
1
}

What is the compile-time error in this program?

public class Test

{
public static void main(String[] args)
{
System.out.printin{"Hello", "World!");
1
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Write three versions of the HelloPrinter. java program that have different compile-
time errors. Write a version that has a run-time error.

How do you discover syntax errors? How do you discover logic errors?

The cafeteria offers a discount card for sale that entitles you, during a certain period,
to a free meal whenever you have bought a given number of meals at the regular
price. The exact details of the offer change from time to time. Describe an algorithm
that lets you determine whether a particular offer is a good buy. What other inputs
do you need?

Write an algorithm to settle the following question: A bank account starts out with
$10,000. Interest is compounded monthly at 6 percent per year (0.5 percent per
month). Every month, $500 is withdrawn to meet college expenses. After how many
years is the account depleted ?

Counsider the question in Exercise R1.13. Suppose the numbers ($10,000, 6 percent,
$500) were user selectable. Are there values for which the algorithm you developed
would not terminate? If so, change the algorithm to make sure it always terminates.

In order to estimate the cost of painting a house, a painter needs to know the surface
area of the exterior. Develop an algorithm for computing that value. Your inputs are
the width, length, and height of the house, the number of windows and doors, and
their dimensions. (Assume the windows and doors have a uniform size.)

In How To 1.1, you made assumptions about the price of gas and annual usage to
compare cars. [deally, you would like to know which car is the better deal without
making these assumptions. Why can’t a computer program solve that problem?

Suppose you put your younger brother in charge of backing up your work. Write a
set of detailed instructions for carrying out his task. Explain how often he should do
it, and what files he needs to copy from which folder to which location. Explain how
he should verify that the backup was carried out correctly.

Write pseudocode for an algorithm that describes how to prepare Sunday breakfast
in your household.

The ancient Babylonians had an algorithm for determining the square root of a num-
ber a. Start with an initial guess of 2/ 2. Then find the average of your guess g and

a/ g. That’s your next guess. Repeat until two consecutive guesses are close enough.
Write pseudocode for this algorithm.

Write a program that prints a greeting of your choice, perhaps in a language other
than English.

Write a program that prints the sum of the first ten positive integers, 1 +2 + --- + 10.

Write a program that prints the product of the first ten positive integers, 1 X2 x ... x
10. (Use * to indicate multiplication in Java.)

Write a program that prints the balance of an account after the first, second, and third
year. The account has an initial balance of $1,000 and earns 5 percent interest per year.

Write a program that displays your name inside a box on the screen, like this:

Do your best to approximate lines with characters suchas | - +.
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Write a program that prints your name in large letters, such as

7 ks T TEER Ak * *
* k1 k] * k4 * ki * *
bihia e % £ wkEE TR h R
% 3 dededd ek % W * L %

% * * * * #* * 4 *

Use a separate call to System.out.print for each letter.
Write a program that prints a face similar to (but different from) the following:
i

o

+ +

(J]oeo 1D

Write a program that prints an imitation of a Piet Mondrian painting. (Search the
Internet if you are not familiar with his paintings.) Use character sequences such as
@@a or ::: to indicate different colors, and use - and | to form lines.

Write a program that prints a house that looks exactly like the following:

Write a program that prints an animal speaking a greeting, similar to (but different
from) the following:
AN A
" ") /[ Hello\
( - )< Junior |
| 1] \ Coder!/
G S S

Write a program that prints three items, such as the names of your three best friends
or favorite movies, on three separate lines.

Write a program that prints a poem of your choice. If you don’t have a favorite
prog prints a poem of your y _
poem, search the Internet for “Emily Dickinson” or “e e cummings”.

Write a program that prints the United States flag, using * and = characters.

Type in and run the following program. Then modify it to show the message “Hello,
your namel”.

import javax.swing.lOptionPane;

public class Dialog¥iewer
{
public static void main(String[] args)

{
JOptionPane.showMessageDialog(null, "Hello, World!"};
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}
}

Type in and run the following program. Then modity 1t to print “Hello, name!”,

displaying the name that the user typed in.

import javax.swing.JOptionPane;

public class DialogViewer
{
public static void main{5tring[] args)
{
String name = JOptionPane.showInputDialeg("What s your name?");
System.out.println{name);

3
}
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Modify the program from Exercise E1.16 so that the dialog continues with the mes-
sage “My name is Hal! What would you like me to do?” Discard the user’s input and

display a message such as
I'm sorry, Dave. I'm afraid I can't do that.

Replace pave with the name that was provided by the user.

Type in and run the following program. Then modify it to show a different greeting

and image.

import java.net.URL;
import javax.swing.ImageIcon;
import javax.swing.JOptionPane;

public class Test

{
pubTic static void main(String[] args) throws Exception
{
URL imagelLocation = new URL(
"http://horstmann.com/javadeveryone/duke.gift");
J0ptionPane.showMessageDialog(null, "Hello"™, "Title",
J0ptionPane.PLAIN_MESSAGE, new ImageIcon(imagelLocation));
1
1

Write a program that prints a two-column list of your friends’ birthdays. In the first

column, print the names of your best friends; in the second, print their birthdays.

In the United States there is no federal sales tax, so every state Sales Tax Rates

may impose its own sales taxes. Look on the Internet for the T
Alaska:

Hawaii:

sales tax charged in five U.S. states, then write a program that
prints the tax rate for five states of your choice.

To speak more than one language is a valuable
skill in the labor market today. One of the basic
skills is learning to greet people. Write a program
that prints a two-column list with the greeting
phrases shown in the table. In the first column,
print the phrase in English, in the second col-
umn, print the phrase in a language of your
choice. If you don’t speak a language other than
English, use an online translator or ask a friend.












