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1. Conventional Programming in Java for those who know how to
program

The main method

Let us start our study of programming by looking at the simplest program we can write in Java:
package warmup;
. public class AHelloWorldGreeter
{

public static void main (String[] args)

{

System.out.println ("Hello World");
}
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}
This program outputs:
Hello world

This program is more complicated than equivalent programs would be in other programming languages. For
instance, in Basic, we would simply write:

print “Hello World”

This is because of Java’s heavy emphasis on modularity, which makes large programs easy to write, but
trivial programs such as the one above more complicated than necessary. Imagine a writing style in which
you composed a sequence of sentences without grouping them into higher-level units such as paragraphs,
sentences, and chapters. Such a writing style is easy to learn, and useful for small compositions, but does not
lend itself to easy-to-understand complex compositions. That is essentially the kind of style encouraged by
Basic. In contrast, Java provides a much richer set of constructs for grouping instructions, which makes it
difficult to learn but suitable for complex programs. Unfortunately, in Java, it is not possible to ignore some
of these constructs in a simple program such as our example. Let us try and understand the various parts of it
to the extent we can at this early point in the course.

Methods and Arguments

Let us start with line 5, which is the heart of the program:

5. System.out.println ("Hello World"):;
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Its syntax makes it easy to guess that it prints “Hello World”. We can parse it as a verb and an object?, with
the former specifying an action and the latter the object to be acted on. Or we can use the Math functional
notation we are familiar with (e.g. sqrt(2)) to parse it as an operation and an operand

Verb Object
Operation Operand
Method Argument

System.out println| (“Hello World”)

Figure 1 Parsing a Method Invocation

In the wold of Java (and object-oriented programming languages in general), an operation is called a
method, an operand is called an argument; and performing an operation is called invoking a method. Thus,
this line invokes the method, System.out.println, supplying it the argument “Hello World”.

We shall see later the reason for the long name of this method. For now, we will use the shorthand, printin,
for it.

A method invocation is a step taken by a program to perform it task. While this program consists of a single
method invocation, in general, a program may contain several method invocations. Like a complete
program, a method can take one or more arguments, which influence the action taken by the method. The
println method is invoked with one argument, “Hello World”, which identifies the string to be printed.

A string is a sequence of characters, which may be displayed as output to the user, and, as we shall see later,

received as input from the user. The double quotes indicate the start and end of the string — they are not part
of it. Thus, they do not appear in the output shown in Figure 2.
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Figure 2 A Transcript Window

For each program, Java creates a separate window for displaying its output and gathering its input, as shown
above. We shall call this window the program’s transcript window, since it shows a transcript of an
interactive session with the program.

As we shall see later, computation, in Java will mainly involve invoking methods. Some of these methods,
such as println are defined by the language; others are defined or implemented by the program itself. We
shall refer to the former as predefined and the latter as programmer-defined.

% The use of the word object here should not be confused with its use in object-oriented programming.



Classes

Unlike the case in many other languages such as Pascal and Basic, a method definition cannot appear in
isolation-it must be a part of a class, which essentially groups together a set of related method definitions.
For instance, the definition of the method print1n appears in the class java.io.PrintStream.
Similarly, the method ma in defined by this program, appears in the class AHellowWorldGreeter. By
requiring methods to be defined in classes, Java encourages cataloging of methods, an important concern
from the point of understanding a program.

Class Definition, Identifiers & Keywords

We are now in a position to understand the whole program.

In general, a Java program consists of several classes. Since this is a simple program, it consists of one class,
AHelloWorldGreeter.

The class declaration consists of two parts: a class header and a class body. The class header is the first line
of the program, and consists of the part of the class definition before the first curly brace, {:

1. public class AHelloWorldGreeter

The class body is the rest of the program.

{

public static void main (String argsl[])

{
System.out.println ("Hello World");

}
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}

The class header contains information about the class that is of interest to the users of the class. As a user of
a method defined in a class, all we need to know about the class is its name, which is what the class header
tells us.

It consists of two keywords. The first is the word, class, which is defined by Java, while the second is the
class name, which is defined by the programmer. A keyword is a predefined Java word that has a special
meaning to it. In this case, it tells Java that what follows it is the start of a class definition. A keyword is also
called a reserved word because it is reserved by the language in that it cannot be overridden by the
programmer. We will use boldface to identify keywords. Not all predefined Java words are keywords. For
instance, String and println are not keywords, and thus can be overridden by a program. Though, in this
class, we will not be overriding predefined Java words, it is important to distinguish keywords from
overridable (predefined and programmer-defined) words.

Method Declaration

The class body contains the implementation of the class, which consists of the definition of the methods of
the class. In our example, it consists of the definition or declaration of a single method, main, enclosed
within the outermost curly braces (lines 3-6):

3. public static void main (String args|[])



4. {
5. System.out.println ("Hello World");
6. }

Like a class declaration, it has two parts: a header and a body. The method header is the first line of the
declaration (line 3 of program), before the curly brace:

3. public static void main (String argsl])

The method body is the rest of the declaration (lines 4-6):

4. {
5. System.out.println ("Hello World");
6. }

The method header contains information that is of interest to its users. The user of a method needs to know
how to invoke the method. Therefore, the header includes the name of the method and the nature of the
argument accepted by it. It consists of three Java keywords, public, static, and void, followed by the method
name, main, followed by an argument specification. The argument specification tells us the argument is a list
of strings named args. The three keywords indicate various properties of the method The keyword public
says that the method is “visible” outside the class to other software modules —in particular the interpreter.
static says that it is a “class method” rather than an “instance method”. For now, since we are not doing
object-based programming, all methods must have this keyword next to them. When we create objects
dynamically, we will omit this keyword. void says that it is a “procedure” rather than a “function”, that is, it
does not return a value.

Let us postpone a more detailed discussion of the method header. For now, it is important to know that it
indicates this is the main method of the program. (Though this program contains a single method
declaration, a Java program can contain many method declarations.) A main method is a special method of a
program in that is automatically called by the Java interpreter when the program is executed. Every program
must have a main method, and you should type its header exactly as shown above to indicate that it is the
main method. Check that you have done so in case you get an error when you execute the program saying
that the main method was not found.

The method body defines what happens when the method is invoked. It consists of the method invocation
we saw earlier. Thus, the main method is defined in terms of an existing method, just as the code-word actl
was defined in terms of existing English words.

Package
Java also supports packages, which are essentially directories. The line:

0. package warmup

puts this class in the warmup package. The Borland environment automatically creates a directory in which
this class is put. We will put all of the other classes we look at in this chapter in the same package. A class is
fully specified by prefixing it with its package name. For instance, the class we defined above is fully
specified as: warmup.AHelloWorldGreeter



Programming Process and Program Structure

Thus, we now better understand the sequence of events that occur when the program is executed:

The Java interpreter invokes the main method defined in class AHe11loWorldGreeter.

The method executes the single method invocation in its body.

This method, in turn, invokes the System. out.println method.

This method, which is defined in class java.io.PrintStream, prints its argument in the transcript
window.

e

This example illustrates the basic process of programming — defining new classes and methods using
existing classes and methods provided by the Java language and libraries. In this example, we have defined a
simple new class and method to print the specific string, “’hello world”, using the existing method
printlnofclass java.io.PrintStream to print general strings.

This example also illustrates the general structure of a Java program, shown in figure 10.

Program

Class Class Class

Main 12 M
Method Method Method

Figure 3: Structure of a Java Program

In general, a program consists of a main class and can have several other classes. The main class must have
the main method and can have several other methods. Other classes can have arbitrary methods. In this
program, of course, we have seen a very simple example of this structure—one class and one method
(Figure 4). Initially we will focus on programs with this structure.
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Figure 4 Simply Structured Java Program



Such programs have the syntax described by the following template:

public class <ClassName> {
public static wvoid main (String argsl[]) {

}
}

where <ClassName> and the actions taken by the main method are specific to the program you are writing.
Such a template, in fact, is automatically generated by some programming environments such as Visual J++
6.0. For now, use this template for the programs you write.

Developing and Running the Program in a Bare-Bone Environment

We have seen above how the program works but not how it is edited, compiled, or interpreted. The answer
depends on the programming environment we use. All Java programming environments provide a Java
compiler and a Java interpreter, normally called, javac and java, respectively. Moreover, the operating
system provides a text editor and a command interpreter. The combination of these three tools constitutes a
bare-bone programming environment, which is sufficient, but not always suitable, to develop Java programs.
Incase you have will be using the Borland environment directly, you can skip this section.

Let us illustrate how this simple program can be developed using such an environment. You can use the text
editor to enter the program text, and save it in a file called AHelloWorldGreeter. java. In general,
each program class should be saved in a separate file whose name is the name of the class followed by the
suffix. .java.

Your next steps are to compile and interpret the program. Before we do so, we must put the directory or
folder in which the compiler and interpreter reside in the program search path, which is a list of folders in
which the command interpreter searches for programs you name.

Assuming our path is set, we can simply type the following command to compile the file:

javac AHelloWorldGreeter.java

This command must be executed in the directory in which the class is defined. In our example, it must be
executed in the warmup directory. The compiler creates a file called AHelloWorldGreeter.class,
which contains the object code for this program. You can now ask the Java interpreter to execute this class:

java warmup.AHelloWorldGreeter

This program must be executed in the directory containing the package, that is, in the parent of the warmup
folder.

At this point, you will see the greeting printed in the transcript window. In general, to execute a program,
you must type:

java <Full Name of Main Class>

The names of the compiler and interpreter depend on the programming environment.



Case matters in the names used in Java. In some programming environments, it also matters in the names
supplied to the tools. So if we typed:

java warmup.ahelloworldAHelloWorldGreeter

you may get an error message saying that the class ahelloworl1dAHelloWorldGreeter was not
found.

Program Arguments

Recall that a program can take arguments provided by the user when the program is executed. The following
example shows how a program can access an argument entered by the user. It prints the first argument
entered by the user in the transcript window.

package warmup;
public class AnArgPrinter {
public static void main (String[] args) {
System.out.println (args[0]);

}
}

Thus, if you provide the single string as an argument:
hello

the program will output
hello

If you provide two arguments:

hello world

it still prints:

hello
In case you have a multiword string that is to be printed, it is necessary to enclose it in strings, as we did in
the first program. Thus, if you specify the argument:

“hello world”
the output is:
hello world

To specify arguments from a command window, you need to supply them to the interpreter after the name of
the main class, as shown below:



& MS-DOS Prompt

DosJavaslid4—fFBA3vexamplesschapl _warmup’>
DosJavasll4—fB3~examplesschapl warmuprdir

Uolume in drive D iz DATA
Uolume Serial Mumber is 385D-1884
Directory of D:-sJavaslld4—fB3sexamplesschapl warmup

<DIR> a8-24-@3 t18a .
<DIR> @8-24-03 :1B8a ..
3.83? a8-24-@3 :2%a warmup.vijp

@8-24-03 :1Ba codebase.dat
235 ©8-24-83 :18a UJPROJS .SRG
LA? @3-24-A3 :2%a warmup.zln
4.688 @Q8-24-03 12%a warmup.suo
<DIR> #83-24-03 :1%a warmup
L fileds) ?.249 hytes
3 dirdsd 6,.170.34 MB free

DosJavaslid4—fBA3vexamplesschapl _warmup>*java warmup.AHellollorldGreeter
Hello World

g:\gaua\l14—fB3\examp1es\chap1_uarmup>jaua varnup -AnArgPrinter "Ca Ua"
a Ua

D:vJavarlld—fB3vexam

Figure 5 Supplying Arguments from the Command Window

The arguments specified by a user can be accessed by the main method as args [0], args[1],
args [2] and so on, where args is the name given to the argument list or array in the header of the main
method. In general, the Nth argument is accessed in the main method as args [N-1] .

It is an error to access an argument that has not been entered by the user. Thus, if you supply no argument to

the program above, your program will terminate indicating an ArrayIndexOutOfBounds exception, as
shown in Figure 6.

Y& MS-DDS Prompt

A8-24-A3 108:18a
B8-24-03 10:18a
B8-24-A3 10:2%a warmup.vjp
A8-24-A3 1W:18a codebasze.dat
A8-24-A3 168:18a UJPROJS.SRG
A8-24-A3 18:2%9a warmup.sln
A8-24-A3 160:2%a warmup.suo
A8-24-A3 18:1%9a warnup

L fFile{s> 2.249 hytes

3 dirdsd 6.178.34 MB free

D:sdJavasllid4—fA3sexamplesschapl _warmupX*java warmup.AHellollorldGreeter
Hello World

D:sJavasilid4—fB3~examplesschapl _warmupr*java warmup.AnfArgPrinter ""Ca Ua"
Ca Ua

D:sdJavasll4—fA3~examplesschapl _warmupX*java wvarmup.AnArgPrinter
Exception in thread "main" java.lang.ArravindexOutOf BoundsException: @
at wvarmup.AnArgPrinter _main{AnArgPrinter. java:z?>

D:sdJavasdl4—fAIsexamplesschapl _warmup:




Figure 6 Array IndexOutOfBounds Exception

Conditionals

The reason for the exception is that the program did not check if the user actually supplied the argument. To
do so requires the use of conditionals, illustrated below:

package warmup;
public class ASafeArgPrinter {
public static void main (String[] args) {
if (args.length = = 1)
System.out.printin (args[0]);
else {
System.out.printIn(“lllegal no of arguments:" + args.length + . Terminating program");
System.exit(-1);
}
}
}

Here, args.length gives the length of the args array, and thus, the number of arguments supplied by the user.
System.exit() terminates the program, the non-zero argument indicating an abnormal termination to the

interpreter. The first + in the print statement converts the integer on its right to a string and concatenates it to
the string on its left. The result string is concatenated by the second + to its right string operand.

The output of the program is given below:

"% MS-DOS Prompt H=

D:~Javasll4—fB3sexamplesschapl _warmup> I’
D=sJavasll4—fA3exampless.chapl _warmup>
D:~Javarl1l4—-fA3sexampleschapl _warmup’
D:~Javarll4—fBA3sexamplesschapl _warmup’
D:~Javarsll4—fBA3sexamplesschapl _warmup’
D:sJavasll4—fA3sexamplesschapl _warmup
D:=sJavasll4—fA3~exampless.chapl _warmup>
D=sJavasll4—fA3exampless.chapl _warmup>
D:xJavar1l1l4—fA3~exampleschapl _warmup’
D:~Javarsll4—fBA3sexampless.chapl _warmup’
D:~Javarll4—fBA3sexamplesschapl _warmup
D:~Javasl1l4—fBA3sexamplesschapl _warmup>

D=sJavasll4—fA3exampless.chapl _warmup>
D:~Javarl1l4—-fA3sexampleschapl _warmup’

D:~Javarll4—fA3sexamples~chapl _warmupX*java wvarmup.ASafefArgPrinter ""Ca Ua"
Ca Ua

D=sJavasll4—fA3examplesschapl _warmupXjava warmup.ASafefArgPrinter
Illegal no of arguments:@. Terminating program

D:~Javarsll4—fBA3sexamplesschapl_warmupX*java warmup.ASafefArgPrinter '"Ca Ua" "Hamas
tE"
Illegal no of arguments:2. Terminating program

D:~Javarll4—fA3sexamplesschapl_warmup’* as

The program uses the conditional or if statement. In general, the statement has the syntax:
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if (<boolean expression>)
<statement1>;
else
<statement2>;

(Note that parentheses are required around <boolean expression>) . What this statement depends on
<boolean expression. If<boolean expression> evaluatesto true, it executes <statementl>,
otherwise it executes <statement2>. <statement 1> is called the then part or then branch; <statement 2>
is called the else part or else branch ; and <boolean expression> is called the condition of the if-else

true
<bool expr>

<statement 1> <statement 2>

Figure 3 If-Else Statement

Thus, in the method above, the if-else tests the boolean expression:
args.length == 1.
In case this expression returns true, the statement branches to the then part:
System.out.printin (args[0]);
Otherwise the statement branches to the else part:
{
System.out.printIn("lllegal no of arguments:" + args.length + ". Terminating program™);
System.exit(-1);
}
The else part is a single statement, a statement list also called a compound statement, demarcated by the {
and }, which in turn consists of two sub statements, as shown below.
if (args.length = =1)
lbystem.out.prlntln @rgs[on; |

€TST

{

System.out.printIn("lllegal no of arguments:" + args.length + *. Terminating program");
System.exit(-1);
1

Nested Conditionals

Consider the following function, which takes as an argument a score and returns a letter grade based on the
score:
public static char toLetterGrade (int score) {
if (score >= A CUTOFF)
return 'A’;
else if (score >= B_ CUTOFF)



return 'B;

else if (score >= C_CUTOFF)
return 'C;

else if (score >= D_CUTOFF)
return 'D’;

else
return'F

}
Figure 7 Branching in the else Part

The use of the if else statement here might seem at odds with the syntax we gave:
if (<boolean expression>)
<statement1>
else
<statement2>
In fact, you might think of it as a special kind of statement in which the keywords else if replace the
keyword else. But actually, it is simply a sequence of nested conditionals, that is, if-else statements whose
else or then branches contains other conditionals (Figure 5). The following format clarifies this:
if (score >= A _CUTOFF)

return 'A’;
else
if (score >= B_CUTOFF)
return 'B’;
else
if (score >= C_CUTOFF)
return 'C’;
else
if (score >= D_CUTOFF)
return'D’;
else
return'F';

Since this format takes more space, we prefer the previous one, in which we used the same indentation for
the enclosing and enclosed conditionals.

Y

-
e

Figure 5 Nesting in the else parts

if Statement

11
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Sometimes we wish to take no action in an else branch. In this case, the if statement can be used instead of
the if-else statement. It has the syntax:
if (<boolean expression>)
<statement>;
Example:
if (args.length = =1)
System.out.println (“args[0]”);

true
<bool expr>

fal
<statement > alse

v

Figure 4 if Statement
We can always use an if-else statement instead of an if statement by putting nothing (the "null” statement) in
the else part:
if (args.length = =1)
System.out.println (”args([0]”);
else;

But the if statement is more elegant when the else is a null statement. Beginning programmers, used mainly
to the if-else statement and unfamiliar with the null statement, tend to sometimes put a spurious assignment
in the else part:
if (args.length ==1)
System.out.println ("args([0]”);
else i = i;
Like the previous solution, this is correct but even less elegant!

We shall refer to if-else and if statements as conditionals, because their execution depends on some
condition. An if-else statement is used to choose between the execution of two statements based on the
condition; while an if statement is used to determine whether a statement should be executed based on the
condition.

Dangling Else Problem

Consider the following nested if statement:
if (score >= B_CUTOFF)
if (score >= A CUTOFF)
System.out.println ("excellent!");
else
System.out.printin ("bad");

Which if statement does the else statement match with? If you typed this text using some programming
environments, this is how it would be automatically formatted. This may lead you to believe that it matches
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the outer if statement. But you could manually format it as:
if (score >= B_CUTOFF)
if (score >= A_CUTOFF)
System.out.printin ("excellent!");
else
System.out.printin ("bad");

Now it looks as if it matches the inner if statement. Our syntax rule of an if-else statement allows for both

interpretations. This ambiguity is called the dangling else problem. It is resolved by making an else match
the closest if. So, in this example, the second interpretation is the correct one. The possibility for confusion
here is another reason for not nesting in a then branch.

Loops
Suppose we wanted to print all the arguments a user inputs, as shown in the figure below.
Y% MS-DOS Prompt

D:sJavasx114—FfB3sexamplesschapl _warmup*
D:sJavas114—FfB3sexamplesschapl _warmup*
D:~Javasx114—-FfB3~examples~chapl _warmup>
D:sJavasx114—-fB@3~examples~chapl _warmupX
D:sdJavars114—fFB3Isexampless.chapl _warmup®
D:sJavasx114—FfB3sexamplesschapl _warmup*
D:sJavas11i4—FfB3~examples~chapl _warmupX*
D:~Javasx114—-FfB3~examples~chapl _warmup>
D:~Javas114—-fB@3~examples~chapl _warmup>
D:sdJavars114—fFB3Isexampless.chapl _warmup®
D:sJavas114—FfB3sexamplesschapl _warmup*
D:sJavas114—FfB3sexamplesschapl _warmupXjava warmup.fAnfArgsPrinter '"Ca Ua" "Mamast

Ca Ua
Mamaste

D:sJavasx114—FfB3~exampleszs~chapl _warmupXjava warmup.AinfArgsPrinter

DisdJavas114—FfA3~examplesschapl _warmup?*java warmup.AnArgszPrinter '"Ca Ua'

The following program uses the while statement to do so:

package warmup;
public class AnArgsPrinter {
public static void main(String[] args) {
int argNo = 0;
while (argNo < args.length) {
System.out.printin(args[argNo]);
argNo++;
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The while statement looks, syntactically, much like the if statement (without an else). Recall that an if
statement has the syntax:
if (<boolean expression>)
<statement>

A while statement has the syntax:
while (<boolean expression>)
<statement>

As in the case of an if conditional, <statement> can be any statement including a compound statement.
Moreover, like an if conditional, a while loop executes <statement> in case <boolean
expression> is true, and skips it otherwise. Unlike the former, however, after executing
<statement>, it checks <Boolean Expression> again and repeats the process until <boolean
expression> is false. <statement> is called the while body and <boolean expression> the
condition of the loop. Each execution of the loop body is called an iteration through the loop.

<statement >

true
<bool expr>

false

Figure 8 The while loop

Scanning Problem
To gain more experience with loops and introduce other concepts, let us consider the following problem:



& MS-DDS Prompt

D:sdJavasl1ld4—fA3~exanplesschapl _warmup:>
D=vJavasll4—f@3~examples~chapl_warmup>
D:sdJavasl1ld4—fA3~exanplesschapl _warmup:>
D=vJavasll4—f@3~examples~chapl_warmup>
D:sdJavasl1ld4—fA3~exanplesschapl _warmup:>
D=vJavasll4—f@3~examples~chapl_warmup>
D:sdJavasl1ld4—fA3~exanplesschapl _warmup:>
D=vJavasll4—f@3~examples~chapl_warmup>
D:sdJavasl1ld4—fA3~exanplesschapl _warmup:>
D=vJavasll4—f@3~examples~chapl_warmup>
D:sdJavasl1ld4—fA3~exanplesschapl _warmup:>
D=vJavasll4—f@3~examples~chapl_warmup>
D:sdJavasl1ld4—fA3~exanplesschapl _warmup:>
D:\gaua\114—533\examples\chapi_warmup}jaua wvarmup.finlUpperCasePrinter "John F. Kg
nnedy**

Upper Case Letters:

JFE

D:vJavas1ll4—f@3~examplesschapl_ warmup>

This is an example of an important class of such problems: the task of scanning a string of characters. This
kind of problem arises in a variety of applications. For instance, a Java compiler scans a program to find
identifiers, literals, and operators; and a spelling checker scans a document for errors. We will study a
simple instance of this problem - scanning a string looking for upper case letters, which nonetheless will
illustrate general techniques for scanning.

The problem requires us to decompose a string into characters and to process these characaters. Let us first
consider the type provided by Java to process characters.

char

The computer must often process characters. Most programs accept character input and produce character
output. In fact, some programs, such as a spelling checker, perform most of their computations in terms of
characters. Characters are the building blocks for the strings we have seen before.

This type defines a variety of characters including the English letters (both lowercase, a..z, and uppercase,
A..Z), the decimal digits 0..9; “whitespace” characters such as blank and tab; separators such as comma,
semicolon, and newline; and other characters on our keyboard. A character can be represented in a program
by enclosing its print representation in single quotes:

\AI \ Z 4 \ 1 4 \ O 14 \ \
Two consecutive single-quotes denote a special character called the null character:
The null character is used to mark the end of a string. It is not useful to print it since Java prints nothing for
it.

How do we represent the single-quote character itself? We could enclose it in single-quotes:
However, Java would match the first two single-quotes as the null character, and think you have an extra
single-quote character. So, instead, it defines the following representation for a single-quote:

\ \ rrs
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Here, instead of enclosing one character within quotes, we have enclosed a two-character escape sequence.
The first of these characters, \, or backslash, is an escape character here, telling Java to escape from its
normal rules and process the next character in a special way.

Java defines escape sequences to represent either those characters that cannot use the normal representation
or those for which the normal representation may not be readable. A literal cannot have a new line character
init, so \n denotes the new line character. A backslash after the first quote denotes special processing, not
the backlash character itself, so \\ denotes the backlash character. Typing a backspace after a single-
quote would erase the single-quote, so \b denotes the backspace character. We can represent the tab
character by entering a tab between quotes:

\ \

but this representation can be mistaken as the space character. So \t denotes a tab character. Similarly, we
can represent the double quote character as:

\ W/ 4

but it may be mistaken for two null characters. So \’” denotes the double quote character. The following table
summarizes our discussion:

Escape Character Denoted
Sequence

\’ (3

\n new line

\b back space

\\ \

\t tab

\” 13

Table 1 Some Useful Java Escape Sequences

Java allocates 16 bits for storing a character. As a result, it can support as many as 2'° different characters,
which is useful since we would like to represent characters of all current languages; and some of them such
as Chinese have a large character set. It stores a non-negative integer code for each character. As
programmers, we do not have to concern ourselves with the exact integer assigned to each character.
However, as discussed later, we need to know something about the relative order in certain subsets of the
character set such as the set of lower case letters and the set of digits.

Ordering Characters

Like numbers, characters are ordered. Clearly, it makes sense to order Java values that are numbers, but why
order characters? In ordinary life, we do order characters, when we learn the alphabet, and more important,
when we search directories. It is to support such searches that programming languages order the elements in
the character set. The integer code, or ordinal number, assigned to a character is its position in this set. We
do not need to know the exact ordinal number assigned to a character. It is sufficient to know that:

e The null character, *°, is assigned the ordinal number 0.

The digits are in order.

The uppercase letters, ‘A’ .. ‘Z’, are in order.

The lowercase letters, ‘a’ .. ‘z’, are in order.

Letters of other alphabets are in order.

Thus, we know that:
‘>0 > true
‘B’ > ‘A’ -> true
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‘a’> ‘b’ > false
c>=° > true
where c is a character variable holding an arbitrary character value.

Based on the information above, we cannot compare elements from different ordered lists. Thus, we cannot
say whether:

‘A’ > ‘a’

CA’ > ‘0’

Converting between Characters and their Ordinal Numbers

Like other programming languages, Java lets you find out the exact ordinal number of a character by casting
itasan int. Thus:
System.out.println ( (int) ‘B’)
will print out the ordinal number of ‘B’. This cast is always safe, since char (16 unsigned bits) iS a narrower
type than int (32 bits). Therefore, when context demands ints, Java automatically performs the cast. Thus:
int 1 = ‘A’;

and:

\ B ’ — \Al
computes the difference between the integer codes of the two characters, returning 1. Java lets you directly
perform all the int arithmetic operations on characters, and uses their ordinal numbers in the operations.
Usually we do not look at absolute values or sums of ordinal number - the differences are more important, as
we see below.

You can also convert an ordinal number to a character:
char ¢ = (char) intCodeOfB;

We had to perform a cast because not all integers are ordinal numbers of characters, just as not all doubles
are integers. For instance, the following assignment makes no sense:

char ¢ = (char) -1
since ordinal numbers are non-negative values. Java simply truncates the 32 bit signed value into a 16
unsigned value, much as it truncates a double with a fraction part to an int without a fraction. Again, by
explicitly casting the value you are telling Java that you know what you are doing and are accepting the
consequences of the truncation.

The two-way conversion between characters and ordinal numbers can be very useful. For instance, we can
find the predecessor or successor of characters:

(char) (‘" -1) == ‘H’

(char) (‘T"+1) == r

We can also convert between uppercase and lower case characters, which is useful, for instance, when
processing languages in which case does not matter:

(char) (‘I — ‘@’ + ‘A’) == ‘T

(char) (‘' = ‘A’ +‘a’) == Bl

To understand why the above equalities hold, consider an equality we know is true based on the fact that
letters are ordered:
¢i7_¢a7 - ¢I7_LA7
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Moving the ‘a’ to the right, we get:

‘i’ - ‘I’ _ GA’ + 6a7
Moving the ‘A’ to the left we get:

‘i’ _ ‘a’ + ‘A’ - GI’
Indexing

This problem requires a way to decompose a string into its constituent characters. We identify string
components through their positions or indicies in the string. For Strings, the following method is provided,
takes the component index as an argument and returns a character:

public char charAt (int);
Not that string indexing is different from array indexing.
String indices start from O rather than 1. Thus, if:

String s = “hello world”

s.charAt(0) == ‘h’;

s.charAt(l) == ‘¢’

In general, we access the ith character of string, s, as:
s.charAt(i-1);
Not all string indices are legal. An index that is smaller (greater) than the index of its first (last) character is
illegal. Thus, both of the following accesses will raise a St ringIndexBounds exception :
s.charAt(11)
s.charAt(-1)
The instance function, 1ength (), returns the number of characters in a string. Thus:
"helloworld".length() == 11
" length() == 0
We can use this function to define the range of legal indices of an arbitrary string s:
0 .. (s.length() - 1)

Sub-Strings
Besides individual characters, we may also wish to retrieve sub-strings of a string, that is, sequences of
consecutive characters that appear in the string. The Java function:

public String substring (int beginindex, int endIndex)
when invoked on a string, s, returns a new string that consists of the character sequence starting at
beginindex and ending at endIndex - 1, thatis:

s.charAt(beginindex) .. s.charAt(endindex - 1)
It raises the StringIndexOutOfBounds exception if beginIndex is greater than endIndex. If they
are both equal, it returns the empty string. Thus:

"hello world".substring(4, 7) > "ow"

"hello world".substring(4, 4) >

"hello world".substring(7, 4) throws StringlndexOutOfBounds
While st ring provides getter methods to read string characters and sub strings, it provides no setter
method. This is because Java strings are readonly or immutable, that is, they cannot change. A separate
class, stringBuf fer, which we will not study in this course, defines mutable strings. The class String
does, as we have seen before, provide the + operation on strings to create new strings from existing strings.
Thus:

“hello” + “world” == “hello world”
Here, we do not change either string, but instead, create a new string that stores the result of appending the
second string to the first one.
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For Loop

The following program fragment illustrates string manipulation, printing the characters of a string in
separate lines:
int i = 0; // initialization of loop variables
while (i < s.length()) { // continuation condition
System.out.printIn (s.charAt(i)); // real body
i++; // resetting loop variables
}
This is an example of a counter-controlled loop, since the variable i serves as a counter that is incremented
in each iteration of the loop. It is also an example of an index-controlled loop, which is a special case of a
counter-controlled loop in which the counter is an index .

Let us look at this code in more depth to grasp the general nature of a loop. We can decompose it into the

following components:

1. Continuation condition: the boolean expression that determines if the next iteration of the loop should be
executed.

2. Initialization of loop variables: the first assignment of variables that appear in the continuation condition
and are changed in the loop body.

3. Resetting loop variables: preparing for the next iteration by reassigning one or more loop variables

4. Real body: the rest of the while body, which does the "real-work" of each iteration.

The while loop separates the continuing condition from the rest of the components, thereby ensuring we do
not forget to enter it. However, it does not separate the remaining components - we have added comments to
do so in the example above. As a result, we may forget to create one or more of these components. For
instance, we may forget to reset the loop variables, thereby creating an infinite loop.

Java provides another loop, the for loop or for statement, illustrated below, which explicitly separates all
four components:
for (inti=1;i<s.length(); i++) {
System.out.printin (s.charAt(i));

This loop is equivalent to the program fragment above. In general, a for statement is of the form:
for (S1;E;S2) S3
It is equivalent to:
S1;
while (E) {
S3;
S2;
}
In other words, the for loop first executes S1 and then essentially executes a while loop whose condition is E
and whose body is S3 followed by S2. S1 and S2 are expected to initialize and reset, respectively, the loop
variables.

In comparison to a while loop, a for loop is more compact. More important, its structure reminds us to enter
S1and S2, that is, initialize and reset the loop variables.

Any of the three parts of a for loop, S1, E, and S2 can, in fact, be missing. A missing S1 or S2 is considered
a null statement, while a missing E is considered true. Thus:
for (;;) {
S3;
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by

is equivalent to:
while (true) {
S3;
}

The break statement can be used to exit both kinds of loops.

Scanning
Let us return to the scanning problem given above.

Fl CAWINNTWView exe =]

Pleasze enter a string
John F. Kennedy

Upper Case Letters:
JFK

Figure 9 Finding Upper Case Letters

This is a simple example of a problem that involves scanning an input stream for tokens. A stream is a
sequence of values of some type, T; and a token in a sequence of consecutive stream elements in which we
are interested. The sequence of tokens generated from the input stream forms another stream called the token
stream. Thus, the process of scanning involves converting an input stream to a token stream.

Input
| L | I L [ | | stream

€—token — ] — token — P Token
stream

Figure 10 The Concept of Scanning

In the problem we have to solve, the input stream is the sequence of characters in the argument string, and
the tokens in which we are interested are upper case letters. The tokens are one-character long since each

uppercase letter forms a separate token, as shown in Figure 4. Our job, in this chapter, will be to write a
scanner for it.
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Jlo|h|n F . Klefn]nje|d|y]| Input
Line
Uppercase
token token token Lnft?ers

Figure 11 Scanning a Line of Characters for Upper Case letters

Scanning problems occur in many familiar domains. As we have seen, interactive programs scan the input
for lines, integers, and other kinds of values. Similarly, file-based programs must often scan a file for various
values. Word processors scan documents for occurences of a particular string. Perhaps the most important
application is in compilers, which scan programs for identifiers, literals,operators, and other tokens.

We are now ready to look at the scanner code:

package warmup;
public class AnUpperCasePrinter {
public static void main(String[] args){
if (args.length 1= 1) {
System.out.printIn("lllegal number of arguments:" + args.length + ". Terminating program.");
System.exit(-1);

System.out.printin("Upper Case Letters:");
intindex = 0;
while (index < args[0].length()) {
if (isUpperCase(args[0].charAt(index)))
System.out.print(args[0].charAt(index));
index++;

}

System.out.printin();

public static boolean isUpperCase(char c) {
return (c >="'A") && (¢ <="2");
}

}

The program uses a separate method, isUpperCase(), to check if a character is an upper case letter. As in the
main method, we use the keyword static since we are not yet doing object-based programming. However,
we do not use the keyword void this time. Instead, we use a type name. The reason is that this method is a
function that returns a value. The type name in the header indicates that a boolean value is returned. The
return statement in the method actually returns the value.

Using JBuilder

Getting Started

We saw earlier how to develop programs using the bare none environment. Let us see how this process
occurs with the Borland JBuilder environment.



The first step is to execute the New Project command, as shown below.

(D) JBuilder 7 - C:2JBuilder7/samples/welcome Welcome. html | _ O] ]
[ACW Edit Search view Project Run ‘Wizards Tools Window Help

D e N Y n— AN S0 S S v
2 New Class. .

Qg Open Project... ﬂ& lElons |

ks Open File Ctrl+0 o= u l«fs‘ﬂm\e‘IrJ‘C'J‘.JEullder?IsamplesN\re\cnmEJWelmme htrml
ET Reopen

% Closg Projects..

BL) Clase "Welcame himl" Ctrl+F4 'E B nl.l andw

Glose Al ExepttWelcarretitml

Close... Ctrl+Shift+F4
Revert W elcarmetmlt Release Notes
Save Broject el curmep What's New
Save Project As.
! Quick Tips
& E2ve WVElDErT et 551 =}
Save As... Tutorials
= Rl At E T Samples

Renapme "Welcome.html"...

Page Layout...
@ Erit

—

@1997-2002 Borland Software Corporation. All rights

|vfs:.frlfile:.fr!C:.fJEluilder?fsamplesw\fe\come.lv\falcome.html

| Wi I SUurceI H\sluryl

Creates a new JBuilder project

Now select the directory in which the project is to be created, as shown below.
@ Project Wizard - Step 1 of 3

Select name and template for your new JBuilder project

Enter a name for your project and the path to the directory where it is to be
saved. You can optionally choose an existing project as a template for the initial
default values used in this wizard.

Marme: }warmup Type: |jpr|
Directory: ID:.fjavaH14-1’03Ie){amp|es}/chap1_warmupIWarmup LI |

Template: I(Default project) LI |

[ Generate project notes file

= Back | Mext =

Finish I Cancel | Help |

The component part of the directory name becomes the package name for the classes you create. In the

example above, warmup becomes the name of the package. The directory associated with the package is
automatically created by JBuilder.

You don’t need to worry about the next screen presented to you:



@ Project Wizard - Step 2 of 3

Specify project paths

Editthe paths and settings here to help define your new project. These and other properties can he
changed after the project is created

JDK: Jiava 1.3.1-n24

Qutput path: |D:Ijavam 14-f03examplesichap1 _warmuptwarmuplclasses

Backup path: |D'J‘ja\faﬁ 14-f03fexamplesichap! _warmuphwvarmupibak

wiorking directory: [D:javart 14-D3jexamplesichap 1 _warmuphwarmup

Suurce' Ducumentatiunl Required Libraries

Default| Test Path Add

& | DJjavail14-M3Hexamplesichap! _warmuphwarmupisre
o @ | Dfjaval 14-M3fexamplesichap _warmupiwarmupiest Edifs.

EEfmoyE

Iy D

iy e

Finish I Cancel | Help |

L LLE i

= Back |

The finish button takes you to a newly created but empty project. Let us execute the New Class command:

(D JBuilder 7 - D:/java/114-f03/examples/chap]_warmup/wamup/warmup.jpx

gdil Search View Project Run Wizards Tools Window Help

O new: Ctri+N %|M|—;[ch?m'ﬁ|%.|@;.ﬁ.!¢.

151 Rew Project

(& Gpen Project
(S Open File Cri+0
i Reopen »
L) Close Projects...
BE) Glase Gigar s
Glnse Al ECER Gzt e
Cluza, CirlrEh e
RETE
(tzyit= S| e i o et

Save Project As

B e CilE
iz

= K] CHHEhiTt
FENEITE:

Page Layout.
o it

Exit

[Creates a new Java class

We now enter the name of the class and the package in which it is to be put:



(D) Class Wizard

E Create anew Java class
.

Fillin the fields helow to setthe package, name, hase class, and other options for the

Java class which will be created.

rZlass infarmation

Package: }warmup

[ -

Class name: [2HellawarldGreeter

Base class: Ijava.lang.Object

=i =

—Ciptian

[v Public
[¥ Generate main method

¥ Generate header comments

v Generate default constructar

[w! Override abstract methods

OKI Cancel | Help

Because the generate main method and default constructor boxes are checked, when we press OK, a new
class with the main and constructor methods are generated:

@ JBuilder 7 - D:flava/114-103/examples/chap1_warmup/warmup/src/warmup/AHelloWorldGreeter_ java

File Edit Search “iew Project Run Wizards Tools MWindow Help

DEE- BT =@l R

-2 &

h -
Twial

el

b - -k -

B9 2 (ZH warmup jpe

1

WARLIE i
ol AHelloWorldGreeter java

{28 Imparts

B @ AHelloWordGreater

- AHelloWarldGreeter()
- % main(String]] args)

32| AHelloworldGreeter |

package warnup;

g

* <p>Title: </p>|

* gprDegcription: </p>

# <prCopyright: Copyright (o) Z003</p>
* prCompany: </ px

% Bauthor unazcribed

* fversion 1.0

=

public class iHellolWorldGreeter {
public i&HelloWorldGreeter() {
}

public static void maini3tring[] args) {

}
}

Jd

AMelloWorldGreeter AHelloWorldGreeterl =

new AHelloWorldGreeter()

3

AHello\Warld Graetar java |

418 | Modified | Inser

| source [Design| Bean | Doc] History

We can edit these contents:
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O Builder 7 - D:/java/114-f03/examples/chap1_warmup/warmup/src/warmup/AHelloWorldGreeter_java [_ o] =]

File Edit Search View Project Run Wizards Tools Window Help

DESE -DE@ | =B x|a 1% %
@l e |@

o101

RN S

4

A wearmup jpx [EH AHeHoWurIdGreeterl

2 warmup.jpx sackage warmup;
Loy AHelloWorldGreeter java
SEE

* <prTitle: </p=

* gp=Description: </p=

# prCopyright: Copyright (o) Z003</p>
* sprConpany: </pe

* fauthor unascribed

* [@wersion 1.0

*f

sublic class AHelloWorldGreeter |

(@ Imparts

- @ AHelloWorldGreeter
-9 AHelloWorldGreeter()

------- % main(String) args) '

public static void main(3tring[] args)
S¥STem. out. printin(“Hello World™| ;

J 1

{

3

BHelloWorldGreeter java

| 1837 | Modified | Inser

. sgurcelDesignI Eleanl Docl Historyl

Assumlng no errors, we can save the class, and then select the class name and run it:

ava/114-103/examples/chap1_warmup/warmup/src/warmup/AHelloWworldGrester.

File gun gearch Wiew Project Run Wizards Tools Window Help

DEE-3 §lccmm@ i A0 Sluwh|mo = -kl
e @
B (2 2 A G warmupjox |
= warmup jpx |H package warmup;
.
apen
(3 Add Files [ Packages.. <prTitle: </p>

ER § P 1 AHelawondorest " <pxDescription: «</p>

emove from Project”AHelloworldGreeterjava” | 0oL e () 2003 s
Rename "AHelloWiorldGreeter.java"... <prCompany: </px

1 Mew Folder Bauchor unascribed

B4 Close Project"warmup.jps’ Gversion 1.0

Delete "AHellowWorldGreeter. java”

lic class aHelloWorldGreeter |
E‘ Debug using defaults
¥ Optirize using defaults
% Onl d iblic static void main(String[] args) {
% Clean System.out.println(“Hello World™);

m;l, Make
2 Rebuild
Froperties

A

HelloWWorldGreeter java |

16:37 |

| Insert

Saurce | Deswgnl Bean | Doc | History

Run the selected file as an application using defaults

The result of the execution is shown below:
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java/114-i03/examples/chap1_warmup/waimup/src/warmup/AHelloW orldGreet
File Edit Search View FProject Run Wizards Tools Window Help

DS S -8 $|vcm@ syl 1% %
-« |®

Lh »

ool

By & ke~

B (2 3 warmup jpx s ﬂ&AHeIIDWorIdGreeterl
warmup' vy package warwup; =
S
* apsTitle: <4ps
* <prlescription: </ p*
* gp=Copyright: Copyright (o) 2003</ps
* <pFLompany: </pe
# [@author unascribed
&[] Imparts * [verasion 1.0
= & AHelloWorldGrester *
¥ AHelloWorldGreeter() =
% main(Stringl aras) public clasg AHelloWorldGreeter |
muhlic ctatic woid naini/S@tvinel 1l aresh 0 o]
] »
BHelloWarldGreeter.java [ 1837 | | Inzert
sgurcelDesignl Bean Docl Historyl

C:%JBuilder?yjdkl. 3. 1\binYjavaw -classpath "Dibjawablld-£03%exampleschapl warmup'warmupiclasses:C:%JBuilder?yjdkl.
warmup. AHelloWorldGreeter
Hello World

4« »

M »  Processfinished.

x| AHellowarldGrestsr |

Build succeeded with 1 file built. Build took 1 second.

The program above did not require arguments. To enter arguments, select the project properties:

Run ngards Tools ﬂmdow Help

h Make Project "warmup.jpx' Citl+Fg e
ﬁo, Rebuild Project"warmup.jpx"
Make "ARevarseUpperCasePrinter java Citl+Shift+F 8
o CH war Rehuild "AReverselUpperCasePrinter java" rCasePrmterIﬂ& ASafeArgPrinter
WArMUR.jpx A EIET L =

g i::r”gn:x?tlt:?gs;m W R Ernove Al FilfErS
& AnArgsPrinterjava (= Add Files ] Packages
gAnUpperCaseF’rmte 1 Mew Folder. . -

: Remove from Project"AReverseUpperCasePrinter java" 5 = new char[MAX CHARS]:
LBy ASafesroPrinter java R;fresh J Y ! Letters = Of
- gl ] args)
Ren: "AReverseUpperCasePrinterjava’...

Imports
- @ AReverselipperCas
- % isUpperCase(ch

{
intin{“Illegal mwber of aroum

Default Project Properties...

% main(Strina[ args] ¥ 1);
-~ % printReverseq) 3
- % gtareChar(char t) int index :
T MAX_CHARS Seioran ot seint I T fase Tartaresn . _I_'I
-1 numberOfUpperCaseletters T
Ap upperCaseletters ReverseUpperCasePrinter java | 11 [ | Insert
Source | Deswgnl Bean | Daoc | Histony

CivTBuilder7hjdkl. 3. 1\bins javaw -classpath "D:hjavallld-£03%exanplestchapl warmuphwarmnuphclasses;C:yJBuilder?yjdkl.
warmup. AHelloWorldGreseter
Hello World

| | »
W p  Process finished

ﬂ AHelloWworldGreeter

IChange settings for the active project

Go to the run tab, and press the new button:




1) Project Properties

Enter the arguments under application parameters and enter configuration name, as shown below and hit
OK.

¢J) Runtime Properties

FI Runtime Configuration

‘John F. Kennedy
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Now run the program with this configuration:

@ JBuilder 7 - D:fjava/114-f03/examples/chapl1_warmup/old_warmup/AReverselppeiCasePrinter.java

File Edit Search Yiew Project Bun 'Wizards Tools Window Help

DS E-BEOS |- ~RE &8 “[wwh[H- [y -E-e-

il -« > |@

Ea = 12 wearmup jox - | %|&® AHelowordGrester ﬂ&AReverseUpperCaseaner|ﬂ& ASafeArgPrinter

warmup.mx package warmup; =
& AHelloWorldGreeter java

@ AnArgPtinter.java public class AReverselUpperCasePrinter
&y AnArgsPrinter java {
&y AnUpperCasePrinter java static final int MAX CHARS = 5:
a » opan erCaseletters = new char[MAX CHARS]:
& ASatesrgPrinterja . 0fUppercCaseletters = 0;
(=2 Add Files § Packages... d main{Stringl] args)

(=F Remave fram Project"AReverselUpperCasePrinter java”

[ Imports " —— \
B @ AReversellppercs Rename "AReverselpperCasePrinter javal length !'= 1) {
L.ty isUppercase( D Mew Falder... ¥atem. out.println(“Illegal ptumber of aroqum

N tem.exit(-1;
% main(Btingl ¢ B4 Close Project "warmup,px' poten. exit(-1)

% cloreCharcha Dalete "AReverselppercazaPrinter java" - 0;

i number0fUpp

% upperCaseLel h Debug using "JFIK Runtime Configuration [ 11 [ [ insen
__!é Cptimize using "JFK Runtime Configuration" ary

—_——————— ¥ Clean

C:yJBuilder7yjdkl. 3 Uy take Bpl_warmup\warnuphclasses;C:hJBuilder? jdkl. 3
warmup. AHelloWorldE: ??.: Rebulld

Hello World

Properties...
4 | 3

1 b Processfinished.

x| AHeHuWDrIdGreeterl

F'un the selected file as an application using "JFK Runtime Configuration”

The results are shown below for the reverse upper case printer:

@ JBuilder 7 - D:fjava/114-f03/examples/chapl_warmup/old_warmup/AReverselpperCasePrinter_ java
File Edit Search View Project Run ‘Wizards Tools Window Help

DEE-ARIPS|o 2@ 5 |M Sl h |y -5~
@&
= B warmup jp - | %|& aHellowardGreeter X/ AReverseUpnerCaseF’rinter|ﬂ&ASareArgPrinter
[BH warmup jpx package warmup; ]
&y AHelloWorldGreeter java
&AnArgPrinter.ja\ra public class AReverselpperCasePrinter
&y AnArgsPrinterjava i
&AnUpperCasePrinter'ava static final int M4 CHARZ = 5; I
static char[] upperCaseletters = new char[MaX CHARZ]:
&AsafEArgPrlnter-JaVa static int nuwber0fUpperCaseletters = 0;
public static woid main(3tring[] args)

&3] Imports { _ |
& AReverseUpperCasePrinter if (args.length != 1) {
L isUpperCase(char c) Syatem.out.println("Illegal nmmber of aroqum

% rainString[ args) System.exit(-1);
% printReversed '

% ctoreCharichar o int index = 0;
i MAK_CHARS Srrotam Mt mrintlnifTmar Caze Tattarz:r . hl
_ »

A numherOflpperCaseletters d |
g upperCaseletters ReverselpperCasePrinter java | 1:1 | | Insert

. Source | Designl Beanl Docl Historyl

== e L L L T = = e
-¥noagent -Djava.compiler=NONE -Xrunjdwp:transport=dt_socket,address=cardinal-cs:1458, suspend=y warmup.iRew
Upper Case Letters:

JFE

Upper Case Letters in FRewerse:

EFJ hd

m & o ||jv T s A |°‘“ - e b= Processfinished.

%| AHelloworld Greeter x| AReverselpperCas ePrinter

Build succeeded with 5 files built. Build took 1 second.
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Using the Debugger

Seldom does one get the right results on the first try, especially for a program of the complexity you will
develop in this class. Let us see next how to use a debugger to run a program.

When you see an error, the first thing you might do is narrow the cause to the start of some statement
sequence. You can then set a breakpoint at the start of that sequence. You can set a breakpoint by simply
clicking next to it in the vertical breakpoint bar. An indication is then given on the bar where you clicked
and the statement is highlighted:

(D) JBuilder 7 - D-Jjava/114-f03/examples/chapl_warmup/waimup/sic/waimup/AR everselpperCasePrinter_java

File Edit Search View Project Run Wizards Tools ‘Window Help

DES-BE@w|[o @ LAl Slhkhla-

[&] b - -k -

@-e=|&

% Q E WErMURL P - ‘ X|$ AHe\In‘WnrldGreeter | ]

warmug. o x|y ASafeArgPrinter X% PriniStream Xty Thread
-y AHellaWorldG reeter java x| *® sReverseUpperCasePrinter %] AReverselpperGaserinter

Ly AnArgPrinter java
& AnArgsPrinterjava
Cas

public class AReverselpperCasePrinter

{

static final int MAX CHARS = 5;
static char[] upperCaseletters = mew char [Mi CHARS]:
static int numberOfUpperCaseletters = 0;
[-[¢5] Imports public static void main(String[] args)
- @ AReverseUppercasaPrintar {
-~ aReverseUpperCasePrinter() @ | A (e, lewsdn 0o 1) 4
ey isUpperCaseichar ¢}
o % main(String] argsh
Lo % printReverse(

$ystem.out.printin({"Illegal number of argum
System.exit(-1):

} -
- % storeChar(char c) _I—I
g MAY_CHARS A | L
T numberofpparcas sl aters ReverselpperCasePrinter java IETE [ Insert

T upperCaseLetters | Source [Design| Bean| Doc] Histary

®  £:\JBuilderTjdkl. 3. 1\bintjavay -classpath "D:%javalll4-f03\exanples’chapl _warmuphwarmupiclasses;C:\JBuilders
-Hnoagent -Diava.compiler=NONE -Xrunjdwp:transport=dr_socket, address=cardinal-cs:1479, suspend=y warwup.iReve
Upper Case Letters:
JFE -
4] | »
mEWN|ETE a |.+ - . b= Processfinished
ﬂAHeHoWurldGreeter I Jh‘ AReversellpperCasePrinter | ﬂAHeverseUpperCasePrinter
X[AHellowiorldGrester | 3t [ AReverseUpperCasePrinter | [l AReverseUpperCaserrinter | X ASafeArgRrinter

If you now run the program in the debugging mode:



@ JBuilder 7 - D:/fjava/114-103/examples/chapl_warmup/warmup/src/warmup/AReversel pperCasePrinter.java
File Edit Search View Project Run Wizards Tools Window Help

DEE-BEPS| o @ s # “wsh

(R b -

al - &= =+ |@

B2 (3 [ B warmupjpx - x| AHellowordGrester

B warmup.jx /&y ASafeAmPrinter | x| :# PrintStream | x| Thread
oy AHelloorldGrester java x| #? AReverseUpperCasePrinter %/ AReverseUpperGasePrinter

~-f AnArgPrinter java
& AnArgsPrinterjava
& AnUpperCasePrinter java

Al

public class ARewersellpperCasePrinter

1

oy ASafeArgPrinter java Open = 5 nar [HAX CHARS] |
£E5 = NEeW C H
(% Add Files | Packages ~
nseletters = 07
-4 Imports (X Remave fram Project"AReversellpperCasePrinter java’ ing[] args)
= @ AReverseUpperCasePrinter Renarme "AReverselUpperCasePrinter java"
% pReverseUpperCasePrinte [ ] Mew Falder.. 1y 1
- % isUpperCase(char o) h . println(“Illegal number of argum
% mainiString] arge) B9 Close Project "warrnup jpx i-1) ;
- % printReverse() Delete "AReverselpperGasePrinter java" -
&
Y poreCarenare) b Run using "JFK Runtime Gonfiguration” v
ks numT]erOIUpperCaseLene | 1o | | Insert
g upperCaseleters Yy Optirnize using "JFI Rurtirme Configuration”
warmap. AReversellpperCasePrint %:‘ Clean ;l
Upper Case Letters: Ea Make
TFE S Rebuild
Upper Case Letters in Rewverse Propeties =
KFd -

4 | o

W b Processfinished

ﬂ AHelloworldGreeter |
%] AHellgtiorldGreeter |

Debug the selected file as an application using "JFK Runtime Configuration”

-+ AReverseUpperCaseFrintar ﬁ AReverseUpperCasePrinter
b‘ AReversellpperCasePrinter | i~ AReverselUpperCasePrinter | XTASafeArgFrinter |

The program will halt when it reaches the breakpoint:

@Jﬂuildel r lava/114-f03/examples/chapl_warmup/warmup/src/warmup/AReverselUpperCasePrint
File Edit Search View Project Run Wizards Tools ‘Window Help

AN - R Y —

FR S T P

al-e |
Ll E-4 3] warmup.jpx - %/ AHelloWorldGreeter
e— x| ASafesraPrinter | x| % PrintStream | x| Thread
& AHelloWorldGreeter java ﬂ’? AReverselUpperCasePrinter ﬂ& AReverselppercasePrinter
g:n:rngmelHava public static woid nainiString[] args) il
nArgsPrinter java
; i
& AnUpperCasePrinter java @ | if (args.length 1= 1) §
’ + Systen. out.println(”Illegal number of argum
+ System.exit(-1};
) |
&3] Imports o int index = 0:
=+ @ AReverselpperCasePrinter . System. out.println("Upper Case Letters:™):
[ AReverseUpperCasePrimerO . while (index < args[0].lengthi)) {
b islpperCaselchar ¢y + if (isUpperCase (args[0].chardt{index))) {
% main(String]] aras} . Systew.out.print{args[0].charkt(ind
: n{lmR;;fer?iO , . storeChar (args[0].chacht{index]) ;_lll
storeChar(char
T MAX_CHARS A L
- Tp numberofUpperCaseletters BReverselpperCasePrinterjava [ o | Insert

~-Igp upperCaseletters Source | Deswgnl Beanl Docl HIStUWI

@ C:yJBuilder7yvidkl. 3. Lhvbinvjavaw -classpath "D:Vjavah1ll4-f03\exauwplesichapl warnup\warmupiclasses;C:WJBuil
——— -¥noagent -Djava.compiler=NONE -¥Xrunjdwp:transport=dt_socket,address=cardinal-cs:14351,suspend=y waruup. iRe

mFlEFE T A b |o+ 5 s Stopped at breakpoint in class warmup.AReverseUpperCasePrinter, atline 10

x| aHelloiwiondGreeter | & AReverselpperCasePrinter | 11/le* AReverseUpperCasePrinter
X[ AHelloworldGreeter | [l AReverseUpperCasePrinter | [l AReverseUpperCasePrinter | X ASafeArgPrinier |

The green arrow next to the statement and its blue highlight indicate that it about to execute it. You can
examine the call stack by pressing then button indicated by the arrow below:



@ JBuilder 7 - D:/java/114-f03/examples/chapl_warmup/warmup/sic/warmup/AReverselpperCaszePrinter_ java
File

Edit Search Yiew Project

Run Wizards Tools Window Help

DSE-EGw v -l & M

ﬁ'w—v|@

=% %n R

2 -[my - e

% Q E WAL jpx

. x| %y AHelloVWorldGreeter

Warmup.jpx

&y aHelloworld Greeter java
& AnArgPrinter java

&y anArgsPrinter java

x| %y pSafesrgPrinter

ﬂ’? AReversellpperCasePrinter

%% PrintStream |

x| Thread

ﬂ& AReverselpperCasePrinter

{28 Imports
AReverselpperCasePrinter

> AReversellpperCasePrinter(
% isUpperCasechar o

% rrain(Stringl args)

% printReverse()

% storeCharichar o

i MAX_CHARS

d 1

public static wvoid wain(String[] args)

=

i
@ | if [args.length !'= 1] {
o S¥stem.out.println(”Illegal number of argum
o System.exiti-1);

'

o int index = 0;
+ Systew.out.println("Upper Case Letters:™):
+ while (index < args[0].lengthi}) {

if (isUpperCaseargs[0].chardtiindex))) {
Systen.out.print{args[0].chardt(ind

storeChar (args[0].charht{index)]: vI

3

% numberOfUpperCaseLetters WReverselpperCasePrinterjava [ 10 | Insert
1 upperCaseletters Source | Desion | Bean | Doc | History
] = @ systermn >
@_ =% main
- Eo® main
A i -+ [ R mup. Al np Frinter, ;
6‘ Threads, call stacks and data ava.lang.String[] = java.lang.Strinal1] =
WF|EF T8 4 e Stopped at breakpoint in class warmup AReverseUpperCasePrinter, atline 10
ﬂAHeIIDWDrIdGreeter | JE‘AReverseUpperCasePrinter | ﬂﬁ*AReverseUpperCasePrinter
X[ AHelloworldGreeter | [l AReverseUpperCasePrinter | :2[l5” AReverseUpperCasePrinter | X| ASafeAraPninter |

You an now navigate the call stack to look at the values of parameters:

@ JBuilder 7 - D:/java#114-f03/examples/chapl_warmup/warmup/src/warmup/AReversellpperCasePrinter.java [_ o] =]
File Edit Search “iew Project Run ‘Wizards Tools ‘Window Help
DEE - DEHPS |- ~2d s w SIwah|2-[Hr-E-te-
G- e = |®
B9 22 WarrLp jpx - X% AHellDwWorld Greeter
|y S afesrgPrinter * | PrintStraam | x|y Thread

WAL
&y AHslloWorldGreeter java

AnUpperCasePrinter java

.

& ASafefrgPrinter java

=-[&] Imports +
= AReversellpperCasePrinter +
© AReverselpperCasePrinterd +
% isUpperCase(char o o
& rrain(String] args) .
% printReverse( 5
% storeChar(char ¢ |
T MAX_CHARS J

ﬂ'} AReverselpperCasePrinter

public static void main(String[] args)

{

if {args.length '= 1) {

System. out.println{"Illegal number of argqum

Fystem.exit(-1);
}

int index = 0:

Fysten.out.println("Upper Case Lettera:™);:
while (index < args[0].lengthi()) {
if (isUpperCase(args[0].charhtiindex))) {
S¥STem. out. printiargs[0].chardt (ind

atoreChar (args[0].chardtindex) ) :_lj

ﬂ& AReverselpperCasePrinter

E

3

I numberDfUpperCaseletters
‘i upperCaseLetters

AReversellpperCasePrinter java |

10:1

| Insert

| sgurcngemgnI Eeanl Dncl H|stnr\r|

=HIC]

L= @ args: java.lang.String
— 9 [0]="John . Kennedy'
H (= o Reference Handler

va.lang String[1]

IS TR = A W . =

X AHelloworldGreeter I

Jh‘ AReversellpperCasePrinter

Stopped at breakpointin class warmup AReverseUpperCasePrinter, atline 10

* AReversellpperCasaPrintar

x| AHelloWorldGreeter |

2l AReverseUpperCasePrintar

| [l AReverzellpperCasePnnter

X[ ASafeArgPrinter |
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For instance, the picture above shows that args[0] paramater of main is “John F. Kennedy”. Once we are
satisfied that the program state is as we expected, we can step to the next statement by pressing F8, the
accelerator for the step over command:

@ JBuilder 7 - D:fjava/114-f03/examples/chapl_warmup/warmup/src/warmup/AReverselpperCazePrinter. java

File Edit Search “iew Project Run Wizards Tools Window Help
DEES-BEHPS| @ )|a] % % h Ay - B e
fal - = = |©
| Q = WE FTILR.Jf = x|o% AHelloworldGrester
—— ® | ASafeArgPrinter | ® | PrintStream | ® /% Thread
-y, AHeloworldGreeter java x| #? rReverseUpperCasePrinter E3f AReve.rseUpperCasePrlnter
gAnArgPrimer'java public static woid main(3tring[] args) LI
AnArgsPnnter.Ja\fa [
= e <@ if (args.length '= 1) {
. & ASafeArgPrinter java o System.out.:,.print,ln("Illegal mumber of aroum
+ System.exit(-1):
}
EEI Imports [+ int index = 0O;
E- @ AReverselpperCasePrinter + 3¥stemw. out.println("Upper Case Letters:™):
@ AReverselpperCasePrinterg * while (index < args[0].lengthi)) {
L 3 iSU.pper(?aSE(charC) + if [isUpperCase(args[0].chardtiindex))) {
3] mgln(StrlngI] args) + $YSTEm, OUL.print(args[0].charst(ind
:ptnntRCer:rer(Sio ) 5 storeChar (args[0].chardt{index)): |+
stareChar(char ¢ |_I
¥ MAX_CHARS Jd | :
T numberOiUpperc aseLetters _P«ReverseUpperCasePrinter.java [ 14| | Insert
~ig upperCaseletters Source | Design| Eeanl Docl Historyl
o = e =
= = =@ main
_ E---»@ mainf 14, warmup AReverselUpperCasePrinter, AReversellpperCasePrinter java
-8 args: java.lang.Stringl = javalang.String
"o OB j 4 lang Stringl lang.Siring[1]
— . =49 [0] = "John F. Kennedy'
H T [#-S Reference Handler -
Wy E T a ba|e =
x| AHellovaorldGreeter | 3t/l5f AReverseUpperCasePrinter | 32|l AReverseUpperCasePrinter
%[ AHellovioridGreater | iller AReverseUpperCasePrinter | i[ley AReverseUpperCasePrinter | X| ASaieArgPrnier |

As we see in the figure, the blue highlight and the green arrow move to the next statement to be executed.
Let us keep executing F8 until we reach the following statement:
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@ JBuilder 7 - D:/java/114-i03/examples/chapl_warmup/warmup/src/warmup/AR everselpperCasePrinter.java

By B ke

File Edit Search View Project Run Wizards Tools Window Help

DEES-DEIS|- @ i ][ Iwhh

al- e &
M2 B warmup jox - x| AHelloWorldGreeter
& warmup jx x|% ASafeArgPrinter | * | PrintStream | oty Thread
"y AHelloWarldGrester java x| #} AReverseUpperCasePrinter | AReverseUpperCasePrinter
& AndrgPrinter java public static void main(3tring[] args) d
-y AnArgsPrinter java i
&AnUpperCaseF‘rinter.java & if [args.length '= 1) {
s Brjava + System. out.println("Illegal number of arcgqum
oy ASafeArgPrinterjava + System.exit(-1);
i |
-2 Imports + int index = DT. ) 3
B} 2 AReversellpperCasePrinter o Syétem. ?ut.prlnt,ln( Upper Case Letters:");
¥ AReverseUpperCasePrinter) : while (index < args[0].length(}) {
“» isUppercase(char ¢ o if (isUpperCase(args[0].chardt(index))) [
% main(Stringl args) + Syatem.out.printiargs[0]. chardt(ind
+ storeChar (args[0].charhtiindex)]:

% printReversel)
% storeChar(char c) J | 3

1o MAX_CHARS
T nurnberofpperCaseletters RReverseUpperCasePrinterjava [ 171 | | Insert
~-lg upperCaseletters Source | Design| Bean| Duc| Historvl
£ @ El-¢4@ main -
- maing : 17, warmup. AReverseUpperCasePrinter, AReverseUpperCasePrinter java
=48 args: java.lano.Stringll = javalang. String[1]
- 4% [0]="John F. Kennedy"
dexint=10
fl ale i
|:| ﬁ El ‘»-l-v ru:‘ =
x| AHelloWarldGreeter I 3|l AReverseUpperCasePrinter | 22|l AReverseUpperCasePrinter
X[ AHelloworldGrester | il AReverseUpperCasePrinter | iy AReverseUpperCasePrinter | X| ASaieArgPrinier |

As shown in the call stack, the value of the index variable is O at this point, as this is the first time we are
going through the loop. If we keep single stepping, we can see how many times the loop is executed.

What should happen if we press F8 at this point to go to the next statement? Should it go to the to the next
statement in the main method or first statement in the isUppercase() method? As shown below, the answer

is the former:



(@ JBuilder 7 - D: /java/114-f03/examples/chapl_warmup/warmup/sic/waimup/AReversellppeiCasePrinter java

File Edit Search ¥iew Project Run Wizards Tools Window Help

OSE-BRPS|- ~=@ i|n 1% A

R

@ -e = |@
P4 warmup jpe x|& AHallowWorldGrestar
e —— x|y ASateArgPrinter | x| PrintStream | x| Thread
" & atelloworldGrester java %[ pReverseUppercasePrinter x|y AReverseUpperCasePrinter
oy AnArgPrinter java public static woid nainidtring[] args) ;I
2 --& AnArgsPrinterjava {
-~y AnUpperCasePrint if (arga.length '= 1} {
B + Systew, out.printlni Illegal mumber of argqum
B & ABafeArgPrinter java + System.exiti-1);
} P
&) Imports a int index = El.; i .
5 @ AReverselpperCasePrinter * Syétam.out.pnn\:lnt Tpper Case Letters:™);
% pRevarseUpperCasePrintar] * while (index < args[0].length(}} {
- % isUpperCase(char o) * if {isUpperCase(args[0].chardt(index))] {
.y main{Sting] args) 3 Systen. out.print(args[0].chardt(ind
% printReversed) + storeChar (args[0].charht{index));
- % gtoreChar(char o) 2 _lll
T MAX_CHARS 5] - .

1@ numherOfJpperCaseletters
T upperCaseletters

kReverselpperCasePrinterjava [ e | | Insert

Source | DESiDﬂl Bean M History

=@ main

index int=0

*i
oo,

@ =8 »E mamo 18, warmup AReverselpperCasePrinter, AReverselpperCasePrinter java
1B args: java.lang.Stringl = java.lang.Stringl1]
[0]="Jahn F. Kennedy"

b
m 'H\'ﬁ d s e

JAHEHUWUrIdGreeter [

Jh‘ AReversellpperCasePrinter ‘

Jh’ AReverseUpperCasePrinter

 X| AHelloWorldGreeter | Step OUt 57 AReverselpperCasePrinter | 3t[l" AReverseUpperCasePrinier | %] ASaieArgPrinter |
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The reason is that F8 steps over any called method. If we want to step into the called method, we must click

on F9:

@ JBuilder 7 - D:fjava/114-f03/examples/chap]_warmup/warmup/zrc/warmup/AReversell pperCazePrinter_java

File Edit Search Yiew Project Bun Wizards Tools Window Help

DEE DEIPS |0 @ s awl T ®

R N R T

@@
P A B wearmup jpx - %% AHelloWorld Greeter
[Eu—— |y AsatesrgPrinter | ® |y PrintStream | ®|:® Thread
& AHeI.IDWorIdGreeter_ja\ra ﬂ’? AReversellpperCasePrintar ﬁ& AReverselpperCasePrinter
& AnArgPrinter java 1 =
& AnArgsPrinterjava . printReverse|) ;
&AnunpercaseF’rlnterJava . }
& public static boolean isUpperCaseichar c) {
E return (c »>= 'A') s& (c <= 'Z');

b

public static void storeCharichar c) {

+ if (number0fUpperCaseletters == MAx CHARS) {
o Systen. out.println("Too many upper case letl |
“ Fystem.exit(-1);
¥
+ upperEasELettErs[nu.mherDEUpperEaseLetters]
T numberOfppercaseLstiers BReverselpperCasePrinterjava [ 2m1 | [ Insert
9 upperCaseletters Source | Design | Bean| Doc | History |
& @ , . I =
= = | E"'DE islipperCasel | 26, warmup AReverseUnperCasePrinter, AReversellpperCasePrinter java
Vo c:char= '
= 2] maing - 17, warmup AReverselpperCasePrinter, AReverselipperCasePrinter java
W m ] Reference Handler =

x| AHelloWorldGraster I

¥ AReverselpperCasePrintar |

"AReverseUpperCaseF‘rimer

x| AHelloWorldGrester | 3i[le" AReverseUpperCaseFrinter |

T AReverseUpperCaseP Anter | X ASafeArgPrinter

We can step out of the called method to the calling method by clicking on the icon shown indicated by the

arrow below:



@ JBuilder 7 - D:/java/114-f03/examples/chapl_warmup/warmup/sic/warmup/AReverselpperCasePrinter java
File Edit Search Yiew Project Run Wizards Tools Window Help

DEE-DE@S|> 2@ s “[wnh

ﬁ'v—'—v|@

G- [ > - e

% Q E @ WAL

WA jpx

& AHelloworldGreeter java
& AnArgPrinterjava

& AnArgsPrinterjava

@ AnUpperCasePrinter java

B & ASafeArgPrinter java

x|®y ASafeArgPrinter |
ﬂ'? AReverselUpperCasePrinter

x| AHelloworldGreeter

x| Printstream | x| Thread
ﬂ& AReverselpperCasePrinter

=[5 Imports

= @ AReverselpperCasePrinter

L AReverselpperCasePrinterd)
% isUpperCasefchar o)

% main(String] args)

* printReversed

% storeChar(char o

i MAK_CHARS

1 numberOfUpperCaseletters
1 upperCaseletters

'

'

o int index = 0;

+ System.out.println("Upper Case Letters:™):

o while (index < args[0].lengthi{)) |

o if [(isUpperCase(args[0].chardt(index))) {

H

System.out.printiargs[0].chardt(ind

storeChar (args[0].chardt(index));

o index++;
'

“ printRewverse(];

* '

- - . x
4 | »

RReverseUpperCasePrinter.java

[z | Insert

Source | Designl Eleanl Docl Historyl

E@ main

w5 Reference Handler
w5 Finalizer
w5 Signal Dispatcher

»E maind 17, warmup AReversellpperCasePrinter, AReverselpperCasePrinter java

fdGreeter |

E‘ AReverselUpperCasePrinter |

J . AReversellpperCasePrinter

oiorldGreeter |

[l AReverseUpperCasePrinter |

2[l” AReverseUpperCasePrinter |

X[ ASafeArgPrinter
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Clicking on the button indicated below

@ JBuilder 7 - D:fjava/114-f03/examples/chapl_warmup/warmup/sic/warmup/AReverseUpperCasePrinter.java

File Edit Search View Froject

Run Wizards Tools Window Help

DEE - BEGG > =@ L |A S h Sl by e
il - &= = ‘@
% Q (= WAL - X|& AHelloWorldGreeter
. x| %y ASafesrgPrinter | x| PrintStream | X |y Thread
(= wearraup jp

&y AHelloworldGreeter java

x| #® AReverseUpperCasePrintar %/ aReverseUpperCasePrinter

&y AnArgPrinterjava v} if (args.length '= 1) { |
&5 AnArgsPrinter java + System, out.println("Illegal mmber of arounm
& AnUpperCasePrinterjava . System.exiti-1);
& I U rint ;
LBy ASafesrgPrinter java . int index = 0;
* Systen. out.println("Upper Case Letters:™): |
@ IFriparts o while (index < args[0].length{)) {
E| AReverselUpperCasePrinter o | if (isUpperCase(args[0].chardt{index))) I
S AReverseUpperCasePrinterd o System.out.print(args[0].chardt(ind
% isUpperCaseichar ¢ o storeChar {args[0].chardt{index));
* rnain(Stringl args) '
% printReversa) B index++;
% storeCharichar o) : _lll
T WAX_CHARS 4 | 4
T numberofUpperCaseletiers BReverseUpperCasePrinter java [ a7 | Insert
g upperCaseLetters Source | Desion | Bean | Doc| History|
=2 E@ system o
@_ E@ main
WD 4@ rmain
1T . -2 maing 17, warmup AReverselpperCasePrinter, AReverselpperCasePrinter java
A=Y =48 aros: Java.lang.Stringl = java.lang String[1] =
[ _incd e int =0
OB NE G E b6 o
Resume Program |eter | 3:2/le AReverseUpperCasePrinter | 3¢/l AReverseUpperCasePrinter
X | FHEIOVYOnaGreeEr | 2l AReverseUpperCaszePrinter | 2|l AReverseUpperCasePrinier | %] ASafeArgPrinier |

Resume debugging session

takes us out of the single step mode to the next breakpoint, if one exists, or the end of the program

otherwise:
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@ JBuilder 7 - D:/java/114-f03/examples/chapl_warmup/warmup/sric/warmup/AReverselpperCazePrinter_ java

File Edit Search View Project Run ‘Wizards Tools Window Help

DESE-QH@ G o~ 2@ L A Sl R S ]y B e

@-eo|&

'E Q (= warmup.jpx - x|&AHeIIOW0rIdGreeter

— x| % ASafesrgPrinter | x|% PrintStream | x|® Thread
t&AH9|.|0W0r|dGreeter_ja\,-a ﬁ”AReverseUpperCasePrinter ﬂ& AReverseUpperCasePrinter

if (args.length !'= 1] { ]

&y AnArgPrinterjava [
Systen.out.println("Illegal number of argum

&y AnArgsPrinter java

&y AnUpperCasePrintarjava System.exiti-1);

& By n Frinter.java ]
& ASafesrgPrinter java int index = 0;
Syaten. out.println("Upper Caze Lettera:™): L
Imports while (index < args[0].length()) {
- & AReverseUpperCasePrinter if (isUpperCase(args[0].chardt(index)))
- AReversellpparCasePrinter) Systen.out.print{args[0].chardciind
- isUpperCaseicharc) storeChar (args[0].chardt{index));
- % main(String] arys) )
- % printReverse) index+; =
- % storeChar(char o) :
J | »
171 | | Insert

MAX_CHARS S
numberofUppercaselL etters BReverselUpperCasePrinter java [

~igp upperCaseleters ' Source | Designl Eleanl Doc| Historvl

SAILUEGELL U JEVE - COLp LIS SHUNE T S ALUL NS LSO LS SUCKE L, SO ESESUaLALIEL=UST L453, SUSPEIISY Wallluf . AReve

@ Upper Case Letters:

JFE
Upper Case Letters in Rewerse:
-

KR
3

"R |ﬁ. R G |°+ ~ i = Processfinished.

x| AHelloWWaorldGreeter | t/lef AReverseUpperCasePrinter | x| AReverseUpperCasePrinter
X[ AHelloworldGrester | iUy AReverselUpperCasePrinter | X[l AReverseUpperCasePninter | %] ASaieArgerinter |

Installing a Library
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In this course, we will be using a system called ObjectEditor, which was developed by my research group.
To use it, we must tell our programming environment to make it part of the library used in our project. The

following screenshots illustrate this process for ObjectEditor.

Before you create a JBuilder library, you must load the code for it on your computer. In case of
ObjectEditor, the code is stored in two files: oe.jar and shapes.jar, which can be obtained from:

http://www.cs.unc.edu/~dewan/oe.



http://www.cs.unc.edu/~dewan/oe

File Edit ‘iew Favoritez Toolz Help |=
3 ="
= . + . O AN @ BTG
Back iy and Stop Refrezh Home Search Favorites Hiztary Il Frint
Address I@ hittp: £ v, g unc. edud ~dewan//oed j @Go | Links *

a

ObjectEditor (Also called UlGen)

Please use Internet Explorer to download files and not Netscape. Check that sizes of downloadedl
files are exacily the same as the ones given here.

« README

« Using OhjectEditor to Teach Programming

o User Manual

« John Konglathu's Paper

« Executables for Windows and Unix

« Basic ObjectEditor Library: oe.jar (329577 bytes)

« Basic ObjectEditor Library- Version 2: oe.jar (360777 bytes)

« Graphics Library: shapes.jar (103765 bytes)

s Graphics Library: shapes2.jar (111.127 bytes)

« JDEK 1.1.6 library for Windows: classes.zip (8790694 bytes)

« Swing 1.1 Library: swingall.jar (2196234 bytes)

s Introductory Examples: Introductory.zip (68924 bytes)

The file oe2.jar contains a newer version of the code, but may have more bugs. oe.jar should be sufficient
for your assignments.

Select ProjectProperties.

@ JBuilder 7 - C:/)Builder? /samples/welcome/ W elcome. html

File Edit Search View JRQCEl Run Wizards Tools Window  Help

O = & -5 =] T3 Make Project"Welcome jpd' Cirl+Fg
4. = |@ £ pepuild Project "Welcome.jpx

=1z & i =l A R =
B2 8 Hwe EEo &
@Welcnme.jpx | el Eilter p il

g xg:ggmsﬁgg}ava M Fermove Al Filters

“y WalcomeF rame.javs (=5 Add Files J Packages..
|1 Mew Folder...
AR R F =
Refresh

REMEHIE. .

Project Properties...
Default Project Properties...

Tutorials

Press the Add button.
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@ Project Wizard - Step 2 of 3 E3

F—] Specify project paths

Editthe paths and settings here to help define your new project. These and other propeties can be
changed after the projectis created.

JOK: liava 1.3.1-024
Qutput path: |D:Ijavaf1 14-f03fexamplesichap?_objectsiclasses
Backup path: |D:IjavaI1 14-f0Fexamplesichap?_objectsibak

Working directons: |D:Ijavai1 14-f03examplesichap2_objects

Snurcel Documentation  Reduired Libraries

L

Add...

[=rliit: I
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The new window shows the list libraries available for use. The ObjectEditor library was previously added by

me under the name object editor. To illustrate the process of creating a new library, we will add it again,

under a new name. Press the new button.

(D) Select Dne or More Libraries [ %]

|:| zar Hame
~-{f nhject editar
1 JBuilder

| »

----- {5 BarlandsmL

----- &5 Castar

----- &5 CORBA Express

----- [ Data Express

----- {fh Data Express for EJB [
----- & dbSwing

----- {5 InternetBeans Express

----- [y JavaBeans Activation Frameswork

----- 5 Javamail

[ [T I Cancel Help

Give a name to the library and press the Add button.
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@ Mew Library Wizard

Define the new librany

Select a name and location far the new library, and add one ar
maore paths containing classes, source, or documentation.
JBuilder will automatically determine the correct path types.

Mame:  |OE

Location: |UserHDme ;|

Library paths: I

‘ REfTimyE

Browse to the directory containing the library files.

(1) Select One or More Directories

Directory: II@ =hiultiple selections=

F_T T E ‘-'d"krv g
38 J
) 1 jdk1.3
Deskiop El
@ jar
Home o Ljar
= mabil
) swingall jar
PElEE -] testhorland
-] madawnld tmp
\—_—l -] Program Files
Samplas D RECYCLER
-] reviews
-] syned
==
H-EF
=gk
Directory:

The two files for ObjectEditor are oe.jar and shape.jar. Select these and press Ok. You see the new library
added to the list of libraries. Select it, and press OK to add it to your project.:
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@ Select One or More Libraries

| User Home

----- teditar
..... |:| E
I:\] .

Mew.. 0K Cancel Help

Now unwind back through the various windows you created.

Using Eclipse

Getting Started

We saw earlier how to develop programs using the bare none environment. Let us now see how t occurs
with the Eclipse environment.

When you start Eclipse, it will ask you for the name of the workspace - the folder in which all of your
projects will be stored. It will initialize the workspace to a default one or the last one you worked on. As this
is out first use of Eclipse, let us enter the name of the workspace folder:

Workspace Launcher El

Select a workspace

Eclipse Platform stores your projects in a directory called a workspace,
Select the workspace directory to use For this session,

Woarkspace: | [:hdewan_backuphlavalll4-fos j Browse. .,

[ Use this as the default and do not ask again

Ok | Cancel

As our workspace currently contains no projects, the initial screen shows us only a welcome message:



& Resource - Eclipse Platform
Fle Edt Navigate Search Project Run Window Help

Welcome to Eclipse 3.0

.
eclipse

Let execute File->Project to add a new project:

& Resource - Eclipse Platform

Curl+F4 5 Folder
ChrbtShift+F4 5
[ File

[ Other... Chrl+n

& Print. Ctri+p

Switch Workspace...
Open External File...

g Import...
i Export...

.
eclipse

Next we must specify that we want a Java project:
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& New Project E

Select a wizard

Create a Java project
1

Wizards:
[0 E
5 Plug-in Project

= cvs

= Java

= Plug-in Developrent
(== Simple

FaR S

| Mext = | | Cancel |

The next step specifies the name of the project, which is also the name of the folder in the workspace in
which the project files will be stored.
£ Mew Java Project @

Create a Java project

e L.
Create a Jawa project in the workspace or in an external lacation. ' J ]

Project name: | examples
Location
* Create project in workspace

" reate project at external location

Project layout
% Use project Folder as rook for sources and class Files

" Create separate source and output Folders

Configure Defaults...

< Back Mext = | Finish | Cancel
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The Finish button takes creates the new project. We then see the following dialogue box, and we say Yes as
we have created a Java project and we want to write Java code:

£ Confirm Perspective Switch

\tf) switch to this perspective now?

v Remember my decision;

This kind of project is associated with the Java Perspective, Do you want to

As we will see later, there are kinds of perspectives or views of the programming environment — in particular
the Debug perspective. Each perspective is tailored for a particular kind of task. For editing code, the Java

perspective is the most ideal.

Choosing this perspective takes to the following screen, which essentially tells us an empty Java project
called examples has been created in the current workspace.

£ Java - Eclipse Platform,
file Edic Mavigate Search Project Run Window Help
i F-0-QG- |WHG- &P |
| package Explorer 52 Hierarchy. =g
S ER-d
#1=2 examples

[ Problems £2 . Javadoc Dedlaration
0 errors, 0 warnings, 0 nfas
| Description

An outline is not available,

= 0 | @ welcome 52 ) > =8

0 =
Ky~ a

Resource | 1n Folder

3

v

T | &hava [EoResource

Welcome to Eclipse 3.0

% Samples

' What's New

Before we create a new class, we will create the Java package in which it will be put. As this package will
be put in the examples project, we will right click on the project and execute the New->Package command



& Java - Eclipse Platform

Fie Edt Source Refactor MNavigate Search Project Run ‘Window Help

Samples
lore Ec

What's New
Find o

|- [#-0-%- |#FG- =5 " TP
: BN, Herarchy, = 00| 22 Cutline 5 = 0| @ Wekome 2
AR i outline is not avallable.
E ¥ Project...
Go ko
Openin Hew Window @
Open Type Herarchy F4 a8
& Interface
opy ctrkeC £ Source Folder
& Paste crrky 5 Folder
3 Delete Delete [SFe
Source ARSHAS ¥ L
it Test Case
Refactor atshifeT ¥ 5
N
g mport. £ other... Ctrketd
7 Export..
o Refresh F5
Closa Froject
Run >
Debug >
Team >
Compare it B
Restare from Lacal Histary..
Properties Ak +Enter
[2. Problems 72 Javadac | Dedaration % - =0
0 errors, 0 warnings, Oinfos
| peseription | Resource | 1n Folder
< i 3
|| examples

We can now enter the package name:

Mew Java Package

Java Package

Create a Java package.

Creates Folders corresponding ko packages.

Source Folder: I examples

Browse, .. |

Marne: I warmup|

Einish I Cancel |

Eclipse creates a new folder for the package, which is nested in the folder it creates for the project, which,
recall, is nested in the folder it creates for the workspace, as shown below:
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Project Package

Worskspace

@ examples

File Edit Wew Favorites Tool Help a'
@ Back -,J lﬁ j_ Search E‘ Plders | |24
Address |&] D:ﬁ,dewan_backup'l,Java'l,H4-F0519xa ples / "| Ed 0
Folders = .classpath
@ Deskbop ~ flkABSSPATH File

B My Documents
= & My Computer

.project
\ﬂ, 3% Floppy (A2 PROJECT File
“e Local Disk {C:) 1kE

[=) S Local Disk (D)
= ) dewan_backup
I3 att_files
|C5) Correspondence
(&) deposit
) ete
I2) FormWizard_files
I25) arades
= 5 Java
) .metadata
= 25 114-F0s
) .metadat.

We will now add a new file in the package folder by right clicking on the package and executing the
New->File command.

File Edit Source Refactor MNavigate Search Project Run Window  Help
| £5 - |$-0-Q- |BHG- @& | -0 - o5 &lave [Resoucs
Herarchy | = 01| E= cutine 5 = 0| @ welcome 12 B =0
) ‘ % = An outling is not available, i
S sranies Welcome to Eclipse 3.0
<
[ Project. . O e
Cpen in Kew Window E? Package
Open Type Hierarchy F4
(& Class
[1= copy CtrlC & Interface
[B Paste Chrley % Saurce Folder
¥ Delete Delete (% Felder
Source Ale+shift+s b E
Refactar Ale+Shift+T ¥ ra—
|ET Uit Test Case
pag Import. .
= [ other... Ctrk+h
£ Export...
o Refresh FS
Run »
Debug L3
Team 4
Compare With 4
Restore from Local History, .. What's New
Find out
Properties Alt+Enter
[ problems 52 Javaduc‘DEclaratiDn‘ X 3 ~=0
0 errats, 0 warnings, 0 infos
I Description I Resource | In Folder
< il [
| | warmup - examples |
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The name of the file must include the suffix: .java to indicate that we will be adding Java source code to the
file.

File

Create a new file resource, Y

Enter or select the parent Folder:

| examplesmarmup

"
/a\
124 examples

...... (= warmup

File name: I AHelloworldGreeter java

Advanced =3 |

Finish I Cancel |

The file name shows up in the explorer view on the left:

£ Java - AHelloWorldGreeter. java - Eclipse Platform

File Edit Source Refactor Mavigate Search Project Run ‘Window Help

If-He |%-0-%- |B6#6- &+ | 4B | & -§ -¢ v | @ave [[Resourcs

S welcome 7 fay =0

1% Package Explorer 53 H\Erar[hy| =8|k 5% outline £3 =g

@ & - BERe w v :
= 8% E Welcome to Eclipse 3.0
“l=5 examples
=8 warmup
[J] AHelloworldGreeter java @z

-z, JRE System Library [jrel.5.0_04]

Tutorials

Samples

[E Prablems 52 . Javadoc | Dec\aratmn‘ ¥ %~ =08
0 ervors, 0 warnings, 0 infos

| Description Resource I In Falder
< i | >

I | writable | SmartInsert | 111 |




Let us get rid of the welcome pane by clicking on the X decorator:

& Java - AHelloWorldGr:

File Edit Source Refactor MNavigate Search Project Run Window Help
B-Ha%-0-%- |6#G- |®F | 4B | H -5 - E| 83ava [EoResourcs
5| E= outline &2 =08

1'32}3\“59&'

& Package Explorer £5 Hieratchy
3 =]

iy
4

= TE‘J examples
=3 warmup
+ m AHeloWorldGreeter java
+-m JRE System Library [jre1.5.0_04]

[ Problems 52 . Javadoc | Declaration W hE =0
0 errors, O warnings, Oinfos
| Description Resource In Faolder Lacation |
Writable Smart Insert 1:1

We can now add source code inside the pane created for the new file:

£ Java - AHelloWorldGres java - Eclipse Platform

Fle Edt Source Refactor Navigate Segch Project Bun Window Help
C-H&@ [ %-0-Q- | HG- | @& | 4B [&H-§ - | & 1avs [Resource
1% Package Explorer 32 _Herarchy| = 51| [lJ] B 5= outline 52 =8
i Bs - package warmup: B R e w v
= exanples “public olass AH=lloliorldGrester { & wormip
o8 warmup ~  public static void wain (String[] args) { @, areleworldGreeter
- [ AHelloworldGreeter java System.out.println ("Hello Torld):
# E¥ JRE System Library [jre1.5.0_04] i
}
[El Problems 52 ._Javadoc | Dedlaration o =0
0 errors, 0 warnings, 0 infos
Description Resource | 1n Folder | Location
Writable Smart Insert | 7:1
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Assuming no errors, we must save the file before running the main method in it:

£ Java - AHelloWorldGreeter. java - Eclipse Platform,

ava X m]

GIN Edit Sowrce Refactor Mavigate  Search Praject Run Window  Help
New Ab+3hift+h ¥ ey o i@ | ¥ -5 -
Close CerkFa 3
Closs 4l Cerl+5hift+F4

I 18] save

Suitch Workspace. ..
Open External Fie. ..

g IMpart...
3 Export...

Exit

([ 5ave Al Cerk+Shift+5 y
Rewvert
= Print... Ctrl+p

1 AtlelloWorldGreeter java [examplesi. . ]

ic class AHelloWorldGreeter {
public static void main (String[] args) ¢

warmup;

System.out.println ("Hello World"):

79| &/1eva  [PResource

2% Qutline 2 =0

R e N~
& warmup
% @, aHeloworldGrester

2! Problems 52 . Javadoc | Declaration v =0
0 errors, 0 warnings, 0 infas
| Description Resource In Folder Lacation |
writable Smart Insert il
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We can only run those classes that have main methods in them. To execute such a class, we must right click
on the class name and either execute the Run or Debug command. If we are doubtful if our program actually
works, it is better to use the Debug command. The reason is that if the program throws an exception, the

debug command will tell us identify the offending line, while the Run command will not. Therefore, we will
use the Debug command:

£ Java - AHelloWorldGreeter. java -

File Edt Source Refackor

£ - -0 Q-

wom Il Mew
Open
Open With
Cpen Type Hierarchy
ES) Copy

3 Delete
Source
Refactor

g Import.

&2y Export.
References
Dedlarations

& Refresh
Ru
Team
Compars ¥ith

Replace With
Restare from Local History.

Properties

.

Eclipse Platform

W #E-|®s

B [J) aHelloworldareeter java 52

Hierarchy =
AR
= Eexamp\es “public class AHelloWorldGreeter { dﬁ warmip
=8 warmup - public static void main (String[] args) { -
) [ EE———"

package warmup;

jate Search Project Run Window Help

B ©

B 5% outline 2

©, AHeloWorldGrester

System.out.println ("Hello World");

[

F3
»
F4

CtrhC

Delete
Alshift+s ¥
Al+Shift+T ¥

Fs

»

*! 7% 2 Junit Plu
»
| Ju 3 Jnik Test

3 Debug...

Resource In Falder

£ &laava [(9Resource

AR e -

=8

i
4

]

a

Location |

Alc-+Enter |

warmup.AHelloworldGreeter . java - examples

Fortunately, nothing bad happens and we see the correct output in the console window:



Java - AHelloWorldGr

se Platform,
Edit Source Refactor

5

i =

igate Search Project Run Window telp
H-0-Q- | BHG- | O = T &sava [FResaurce
M 9] AHellovrorldérester java 11 5] BE outiine 52 =
2 | B c;) - package warmup; JE9 -] w e u v
L —— =public class AHellolorldGreeter (
51-88 warm = public static void main (String[] args) (
= [ B System.out.println ("Hello Uorld”);
ik JRE System Library [irel.5.0_04] ;
3

& warmup
- @, AHeloWorldGrester

Console

\

Problems  Javadoc Declaration | &l console 52

<terminated: AHelloWorldGrester [Java Application] C:\Program Files\Javaljre1.5.0_D4{binyjavaw exe (Aug 30, 2005 12:54:31 PH)
Hello World

% | BE 2

ot

We can go through this process for another program with a main method,
we run the method, we get an error message from the program:

Java - ASafeArgPrinter.java - Eclipse Platform:

ASafeArgPrinter. However, when

Fle Edt Source Refactor MNavigate Search Project Run Window Help
i

¥-0-Q- | WHG- &5

E *o o -
2 BES® -
B8 examples

[7] Asafenrgprinter java 52
package warmup;
= warmup

| Blaava [Resowce
wpublic class ASafehrgPrincer {

-
loworldGreeter java

o

5| 5% outline 2

=5
AR e N~
ublic stati id (Stringl] 1 & e
public static void main ring[] args -
if (args.length == 1) . ﬁiffgli?;';::;[])
g System.out.println (args([0]):
+ = JRE System Library [jre1.5.0_04] else {
System.out.println(”Illegal no of arguments:” + ar
System.exit(-1);
3
i

<
Problems | Javador | Declaration | B Console 52

-
%|BE L |2
<terminated:> ASafergPrinter [Java Application] C:\Pragram Files|Javaljre1.5.0_04|bintjavaw.exe (Aug 30, 2005 1:07:11 PM)
Illegal no of argunents:0. Terminating progrem

warnup. ASafeArgPrinter.java - examples

The reason is that we never gave an argument when we ran the program. To do so, we must use the
Debug—>Debug... command instead of Debug—>Java Application:



Create, manage, and run configurations
Create a configuration that will launch a Java wirtual machine in debug mode,

Configurations: Name: | ASafesrgPrinter

Java Applet
Java Application

© Main ]M= Argumnents ] =i JRE ] 2 Classpath ] B2 Source ] P& Enwironment ] =l common ]
Ju Junit

Project:

| examples Browse. ..
J% Junit Plug-in Test
Remate Java Applicatio Main class

Run-time Waorkbench
A | warmup, ASafeargPrinter Search...

[ Include external jars when searching For a main dass

[ Include inherited mains when searching For a main class

™ sStop in main

| >

|~

Mew Delete | |

Debug | Close |
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This command lets us set various aspects of a main class. As we wish to specify its parameters, let us go to

the Arguments tab and specify the appropriate Program arguments:

Create, manage, and run configurations
Create a configuration that will launch a Java virtual machine in debug mode,

Configurations: Mame: | ASafeArgPrinter

Java Applet

Java Application —

AHelloWarldGreeter @ main = Arguments l =i JRE ] Qg} Classpath ] Eiy Source ] ﬁ Environment ] =1 Common ]
ASafesrgPrinter Program arguments:

Ju JUn!t . "Cava|

i Junit Plug-n Test

E Remote Java Application

& Run-time Workbench
Watiables...

WM arguments:

Wariables, ..

‘Warking directory:

Iw Use default working directary | |

I
| Apply | Revett |

Debug | Close |

|~

Tew Delete
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If we now execute Apply, every time we run the main class, these arguments will be used. We can go
through this process again to change the arguments. If we now execute Debug, we get the appropriate

output:

# Java - ASafeArgPrinter.java - Eclipse Platform
Fle Edit Source Refactor Mavigate Search Project Run Window Help

mid -G | WHE- &P LeR R T &loavs [Resource
Hierarchy = B || [J] sHelloWaorldGreeter java [1] Asafenrgprinter java 52 O/ 5= outine 52 =8
g v package warmup; AE e v
S sxamples wpublic class ASafelirgPrinter { & warmup
= B3 warmup - public static void wain (String[] args) { 5@, ASafeArgPrinter
if {args.length == 1) @ ° main(stringlly

#-[J] AHelloworldGrester java
System.out.println (args[0]);

else {
System.out.println("Illegal no of arguments:" + ar
System.exit(-1):

+ & JRE System Library [jre1.5.0_04]

< >
Problems | Javador | Declaration | B consols 52 | BE & | =8
<terminated: ASafeargPrinter [Java Application] C:\Program Files\Javaljre1,5.0_04Yhinjavaw.exe (Aug 30, 2005 1:12:05 PM)
Ca Va

warmup, ASaffrgPrinter.java - examples

Using the Debugger
Seldom does one get the right results on the first try, especially for a program of the complexity you will
develop in this class. Let us see next, how to use a debugger to run a program.

When we see an error, the first thing we might do is narrow the cause to the start of some statement
sequence. We can then set a breakpoint at the start of that sequence. We set a breakpoint by simply double
clicking next to it in the vertical breakpoint bar. An indication is then given on the bar where we clicked and

the statement is highlighted:



Double click where you want
program to stop

£ Java - AnUpperCaseP) ‘nter.java - Eclipse Platform

File Edit Source Refactor WN¥igate Search Project Run  Window Help
-EH& | %-0-Q |BHG- | OL | SE |H-F-5E-

] Package Explorer &3 Hierarchy =0 m AHellaWorldGreeter java m ASafeArgPrinter java

= <'===D \d package warmup;
= b‘lexamples =wpuhlic class AnlUpperCasePrinter { t]
- H3 warmup hd i pu.thic static v.o:id .malntsttrln.g[] args) { =@
- [] AHelloworldGrester . java @  Line breakpaint: AnlpperCasePrinter [line: 4] - main(Strina T
+ m AnUpperCasePrinter.java System.out.println("Illegal nurber of arguments:™
+ m ASafedrgPrinter. java System.exit(-1);
+-B4, JRE System Library [jrel.5.0_04] }
Systew.out.println("Upper Case Letters:"):
int index = 0;
while (index < args[0].lengthi)) {

if (isUpperCase (args[0] .chardt{index) )
SFystem.out.print (args[0] .charldc(index));

index++:
i
3ystem.out.printlni();
i
- public static boolean isUpperCase(char c) {
return (o >= '4'}) &£& (o <= 'E');

If we now run the program in the debugging mode:

pse Platform

File Edit Source Refactor Mavigate Search Project Run  Window Help
¥F-O0-Q%- BEGE- | &S = |49 -5 = .
O

=08 m AHellovvorldGreeter . java m AsafedrgPrinter. java m AnllpperCasePrinker java i2 8| gz

a2 = <'===D - package warmup;
- 'bdexamples =“public class AnUpperCaseFrinter
= 3 warmup =~ public static void wain(String[] args){ -
+-[J] AHeloWorldGrester java . if (args.length !'= 1) {
7 @ £ System.out.println("Illegal number of arguments:™
# 4 Mew » System.exit (—1);
+ = T ¥
Open F3 System.out.println("Tpper Case Letters:™):
Open With i’ int index = 0;
Open Type Hierarchy F4 while [index < args[0].lengthi(]] {
2 Copy Chrlee if [(isUpperCase (axlfgs[D] .charht | index].] 1
- System.out.print {args[0] .chardtc (index) ) ;
JUE|
¥ Delete Delste index++;:
Source Ale+shife+s ¥ H
Refactor Al+Shif+T ¥ System.out.println(y;
i
E\_-ﬂlmport... public static boolean isUpperCase (char c) |
E"ﬂExport... } return (c »>= 'L') &£& (o <= 'Z');
References L4
Declarations 4
Q:><h Refresh F5
Run 3
Tearn MR ik Pl Tk =

It will ask us if we wish to switch to the Debug Perspective:
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£ Confirm Perspective Switch

9 This kind of launch is configured to switch to the Debug perspective when it
L] suspends. Do wou want to switch o this perspective now?

Yes Mo |

As this perspective gives us the best view for viewing breakpoints, we will say Yes.
The program will halt when it reaches the breakpoint:

Debug Perspective

£ Debug - AnUpperCasePrinter. java - Eclipse Platform

Eile Edit Source Refactor MNavigate Search Project Run  Window Help

N-E&@|3-0-%- |®& | 4B & -F-%C- B | #50ebug Elaava >
F5Debug 52 (I3 3D F w = || e9=yariables 52 . Breakpoints L+tE =08
=[] AnUpperCasePrinter [1ava Application] #- @ args= String[1] {id=11)

= &2 warmup.AnUpperCasePrinter at localhost:1171
=1 Thread [main] (Suspended (breakpaint at line 4 in AnlpperCasePrinter))
= anUpperCasePrinter.main(String[] line: 4
1 C:AProgram Files\Javaljrel 5.0_04\binijavaw. exe (Aug 30, 2005 4:57:50 PM)

Next

statement
to be 0] AHeloWorldareeter java | (1] ASafefrgPrinter.java
executed package warmup; =

“public class AnlUpperCasePrinter

8| 5= outline 52 =
8w e -~

s ¥ ; i £ warmup
- nuh_'!.lc static void main(String[] args){ = ®|> AnUpperCasePtinter
if (args.length = 1) { © ° main(Stringll)
System.out.printlni"Illegal nuwber of argumwents:”™ + args.length + ", Termi @ ¥ isUppercase(char!

System.exit(-1):
3
System.out.println{"Upper Case Letters:"):
int index = O:
while {index < args[0].length()) {
if {isUpperCase(args[0].charit index)))
System.out.print (args[0].charlt (index));

< ¥

B Console 37 Tasks ] i =5
AnlpperCasePrinter [Java Application] C:\Program FilesiJavaijrel.5.0_04ibinijavaw.exe (Aug 30, 2005 4:57:50 PM)

Writable Smart Insert 4:1

At this point, the next statement to be executed is the one we “broke” into. The arrow next to the statement
and its highlight indicate that the Java is about to execute it.

We can examine the values of the variables in the top right window:



£ Debug, - AnUpperCase

File Edit Source Refactor Mavigate Search Project Run window  Help

3 - H-0 Q- |® e
%5 Debug 2 b= i s
=-[7] AnlpperCasePrinter [Java Application] )

=l Thread [main] {Suspended (breakpoint at line 4 in AnUpperCasePrinter))
= AnlpperCasePrinter.mainiStringl T line: 4
p| C\Program Files\Javalirel.5.0_04\bintjavaw.exe (Aug 30, 2005 4:57:50 PM)

[John F. Eennedy]

Ef #;%Debug

) L

warmup. AnlpperCasePrinter at localhost:1171 + - a [0]="lohn F. Kennedy"

~

Main Parameters

[J] AHellawarldGreeter java [J] asafesrgPrinter.java [J] AnUpperCasePrinter . java 52

package warmup;
wpuhlic class AnUpperCasePrinter {
public static void mwain(3tring[] args){
if jargs.length !'= 1) {
System.out.println("Illegal number of arcquments:™ + args. length + 7.
Fystem.exit (-1);

i

System.out.println("Upper Case Letters:™);
int index = 0:

while (index < args[0].lengthi{))] {

if (isUpperCase (args[0] .charldt (index) ) )
System.out.print (args[0] .charkt (index)):

<

& console 52 . Tasks
AnUpperCasePrinter [Java Application] C:YProgram FilesiJavaljrel .5.0_04ibintjavaw.exe (Aug 30, 2005 4:57:50 PM)

As we see, the string argument we provided has been assigned to the first element of the main parameter,

args.

Once we are satisfied that the program state is as we expected, we can break into the next statement by

executing the Run->Step Over command:

5| B2 outline &2
2 % W/ W
H warmup
= 6,, AnUpperCasePrinter
© 5 main(String(T)
Termi o 7 isUpperCase(char)

= Debug - AnUpperCasePrinter. java - Eclipse Platform

File Edit Source Refactor Mavigate Search Project SEOGN Window Help
| »-0-4- |®5 e
@
35 Debug 2 (= an Breakpoints
= AnUpperCasePrinter [Java Application] s
& warmup. AnlpperCassPrinker at localhost: 1171 ", Skip All Breakpoints 1= "lohn F. Kennedy"
= Eread [main] (Susp!ended (I?reakPoint a.t line Jg add Java Exception Breakpoint...
] = AnUpPerCasePrlnter.maln(Strlng[]) lime: 4 fidd Class Load Brekpoint. .
gl CHiProgram FilesiJavaljrel.5.0_043bintjavaw. exe
[l Resume Fa
oo
Terminate - nnedy]
Zb_Step Into F5
m AHeloWorldGreeter java m ASafedrgPrinter.java i EE Outline &2
=]
package wWarmup; ) ; L
=public class AnlUpperCasePrinter | -T;?USE Step Filters Shift+£3 tl:t warmup
ublic static void main(3trix
® . { @, Run Last Launched Chrl+F11 =@, Anlppe
if (args.length !'= 1] { ® S ma
System.out.println("I] i, Debug Last Launched F11 ength + ". Termi &5 sl
} System.exit (-1): Run History R
. Run As 3
System.out.println ("Upper run y
int index = 0;
while (index < args[0].le: Debug History 3
if (isUpperCase(args[( Debug As 3
System.out.print (= Debug...
v
F 0 Tnanert - ShifE+T ol
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As we see in the figure below, the highlight and the arrow move to the next statement to be executed

£ Debug - AnUpperCasePrinter.java - Eclipse Platform

File Edit Source Refactor Mavigate Search Project Run  Window Help

- #-0-%- |®5 | 40 % G -
35 Debug 52 OB eI F - =0 Breakpoints
= AnlpperCasePrinter [Java Application]
- warmup. AnUpperCasePrinter at localhost: 1171 +- & [0]="JohnF. Kennedy"

=g Thread [main] (Suspended)
= anUpperCasePrinter,main(Stringl1) line: 5
g Ci\Program Files\Javaljrel.5.0_04\bintjavaw.exe (Aug 30, 2005 4:57:50 PM)

[John F. Eennedy]

m AHelloWwarldGrester java m ASafedrgPrinter.java m AnlpperCasePrinter. java &2 8 EE Outline 2

packaige warmup; L
=wpublic class AnUppercCasePrinter |

i - - ! _ 1 warmup
pu.h]_.lc static void mwain(String[] args){ = Gb Anlppert
if (args.length '= 1) { @ 5 rain
Aystem.out.println("Illegal nuber of arguments:" + args.length + ". Termi @t isUp|

System.exic(-1):
}
System.out.println("Upper Case Letters:™); W
int index = 0O;
while (index < args[0].lengthi))
if [isUpperCase(args[0] .charlt (index) )]
System.out.printargs[0] .charlc (index) )

| #
v

Let us keep executing Run->Step Over (the F6 key is an accelerator for it) until we reach the following
statement:

56



57

%= Debug - AnUpperCasePrinter. java - Eclipse Platform

File Edit Source Refactor Mavigate Search Project Run  Window Help

MN-H& % -0-%- @9 | SB |8 -5 - 0- =1k
#5Debug 52 b= 3= 2w = O |6d=yariables 2 . EBreakpaoints 1
—-[7] AnUpperCasePrinter [Java Application] = @ args=String[1] (id=11}
= warmup, AnUpperCasePrinter at localhost: 1171 + & [0]="lohnF. Kennedy"
=g Thread [main] {Suspended) @ index=0
= anUpperCasePrinter.mainiString[1) line: 11
B Ci\Program Files\Javaljrel,5.0_04\bintjavaw . exe (Aug 30, 2005 4:57:50 PM) \
Index gets
initialized

[John F. EKennedy]

mAHeIIDWUrIdGreeter.java mASaFeArgPrinter.ja\-’a | EEOutIine 2

package warmup: ~ laz

wpublic class AnlUpperCasePrinter |

public static void main(3tring[] args){
if [(args.length '= 1) {

J] AnUpperCasePrinter . java X

# warmup
= Gb AnUpperCasePri
et main{String

System.out.printlni”Illegal number of arguments:" + args.length + . Termi asisUpperCas

System.exit (-1);
i

System.out.println("Upper Case Letters:™):
int index = 0:
while (index < args[0].lengthi)) {

if (isUpperCase (args[0] .chardt (index) )]
Jystem.out.print (args[0] .charic (index) ) ;

< >

El console &2 Tasks al ¢
AnUpperCasePrinter [Java Application] :\Program Filesilavaljrel.5.0_04ibintjavaw, exe (Aug 30, 2005 4:57:50 PM)

Upper Case Letters: <@ pl’lnﬂn() executed

At this point, the console contains the output produced by the printin() call we have stepped over and thus
finished executing. We also see in the Variables window an entry for index.The value of the variable is 0 at
this point, as this is the first time we are going through the loop. If we keep single stepping, we can see how
many times the loop is executed.

What should happen if we execute Run->Step Over at this point to go to the next statement? Should it go to
the to the next statement in the main method or first statement in the isUppercase() method? As shown
below, the answer is the former:



Debug - AnUpperCasePrinter. java - Eclipse Platform

File Edt Source Refactor Mavigate Search Project Run window Help
G-Hals-0-&- &8 | 46 [ & -§ -+ - E|3
%5 ebug &2 O ®| 2> 5w = 0 | 9=yariables 2 . Breakpoints ]

AnUpperCasePrinker [Java Application] = @ args=3String[1] (id=11)

= @ warmup. AnlpperCasePrinter at localhost: 1171 +- & [0]="lohnF. Kennedy"
=l Thread [main] {Suspended) @ index=10
= AnUpperCasePrinter. main(Stringl[]) ine: 12
g CiiProgram FilesiJavaljrel.5.0_04\binjavaw exe (Aug 30, 2005 4:57:50 PM)
[John F. Eennedy]

[J] aHellowvarldareeter java [J] AsafesrgPrinter . java B 5= autline 52
System.out.println("Tpper Case Letters: A lﬂz
int index = 0; # warmup
while (index < args[0].length()) { = Gl> ArlJpperCasePri

if [isUppercCase (args[0] .charlc (index))) @ % main(String
System.out.print (args[0] .chardt (index) ) @ g isllpperCas
index++;
¥
Fystem.out.printlni);
i
public static boolean isUppercCase (char o) | L
return (c >= 'A') &£ (o <= 'E');
t A4
< >
El Console 52 . Tasks % | BA .
AnUpperCasePrinter [Java Application] C:\Program Files\Javaijrel.5.0_04\bin\javaw. exe {Aug 30, 2005 4:57:50 PM)
Upper Case Letters:

The reason is that Run—>Step Over steps over any called method. If we want to step into the called method,

we must call Run->Step Into:

File Edit Source Refactor Mavigate Search Project Run  Window Help

M-H@|$-0-%- @9 | 4B |8 -5 -5 6-

| =]
35 Debug 52 [ 3@ @ 5 32w T 0O||®=variables 52 . Breakpoints 1
—-[7] AnUpperCasePrinter [Java Application] O =1
warmup, AnUpperCasePrinter at localhost: 1267 Cal Ied method
B i
0
anUpperCasePtinter isUpperCase(char) line: 19 C ” t k paramete IS
AnlpperCasePrinter, mainfStringl( 1) line: 11 all stac
o ! , 2005 §:24:05 PM)
[John F. EKennedy]
m AHelloworldGreeter java m ASafeArgPrinter . java | EE Outline &2
if (isUpperCase (args[0] .chardt (index))) L lﬂz
Jystem.out.print (args[0] .charic (index) ) ; # warmup
i = Gb AnUpperCasePri
index++; ed maingString
' @ 8 isUpperCas
System.out.printlni();
i
public static hoolean isUpperCase (char c) {
return (c >= 'A') && (c <= 'Z');
i
v
< >
Elconsale &2 . Tasks -

AnUpperCasePrinter [Java Application] :\Program Filesilavaljrel.5.0_04ibintjavaw,exe (Aug 30, 2005 §:24:05 PM)
Upper Case Letters:
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As the top left Stack window shows, we have two pending or stacked calls, the call to main() made by the
interpreter, and the call to isUpperCase() made by main(). The Variables window now shows the variables
of the called method, telling is that the C char parameter is initialized to the letter ‘J’. If we wish to see the
variables of the main method, we can select it in the call stack, which will restore the contents of the
Variables window shown earlier.

We can step out of the called method to the calling method by executing the Run—->Step Return command:

£ Debug - AnUpperCasePrinter. java - Eclipse Platform

File Edit Source Refactor Mavigate Search Project Run Window  Help

Ci-E&#%-0-%- ™% | 4B |H -7 -5~ | %
F5Debug 52 (O T 7% w = 0| |6d=varishles &2 . Breakpoints x
—-[3] AnUpperCasePrinter [Java Application] = & args=String[1] (id=11})
= warmup. AnUpperCasePrinter at localhost: 1267 +- & [0]="John F. Kennedy"
=-g® Thread [main] {Suspended) O index=10

= anlpperiCasePrinter. main(String[1) line: 11
gl C:\Program FilesiJavaljrel 5.0_04\bintjavaw. exe (Aug 30, 2005 §:24:05 PM)

[John F. EKennedy]

m AHello'WorldGreeter . java m ASafedrgPrinter.java N anlpperCaseFrinter.java X | EE Outling &2
public static void main(String[] args){ I laz "

if [args.length '= 1] { # warmup
System. Dut.?,.print,ln("Illegal nurber of arguments: ™ + args.length + . Termi . Gb AnlUpperCasePrinte
System.exit (-1); @ H main(stringl])

' ef isUpperCaseic

Zystem.out.println("Upper Case Letters:™):

int index = 0;

while (index < args[0].lengthi)] £

if [(isUpperCase (args[0] .chardt (index) )]
System.out.print (args[0] .charkt (index)):

index++;

< 4

Bl consale 52 Tasks Bl &

AnUpperCasePrinter [Java Application] C:\Program Files!lavatjrel,5.0_04ibintjavaw.exe {Aug 30, 2005 &:24:05 PM)
Upper Case Letters:

To resume normal execution where we don’t step through the program statements, we execute the
Run->Step Resume command. The program quickly completes and shows us the output:
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Debug - AnUpperCasePrinter. java - Eclipse Platform
Run  Window Help

File Edit Source Refackor Mavigate Search Project

= ‘%Debug aJJava >

o - B0 Q- @S| 40 ¢ -
% T w = 0 ||t9=variables 2 . Breakpoints 3 ~ 70

<terminated> AnUpperCasePrinker [Java Application]

<terminated > warmup, AnlpperCasePrinter at localhost: 1267
B <terminated, exit value: 0= C:\Program FilesiJavaljrel 5.0_04ibin|javaw exe (Aug 30, 20

< | k.
4] &HellatarldGrester java 4] AsaFedrgPrinter java [J] ArUpperCasePrinter java 52 5| 5% outline 2 =08
public static void wain(String[] args){ ol 15 & wW e W ow
if (args.length '= 1) { tb warmup
Systew.out.println("Illegal number of arguments:"™ + args. length + 7. Termi = @b BnlpperCasePrinker
System.exit(-1); @ [ g StringlT)
i o ° isUpperCasefchar)
Sy¥Stem.out.println("Upper Case Letters:™):
int index = 0:
while (index < args[0].lengthi{)) {
if (isUppercCase (args[0] .charkt (index)]) B
System.out.print (args[0] .chardt (index) )
index++;
) v
< >
% | B L oA -8

El Console 52 Tasks
<kerminated > AnlpperCasePrinter [Java Application] C:\Program Filesilavaijrel . 5.0_04binijavaw. exe (Aug 30, 2005 5:24:05 PM)

Upper Case Letters:
JFE

Recall that we are currently in the Debug Perspective. If we wish to start editing code again, we can switch
to the Java Perspective by pressing on the Icon for it in the upper right corner of the window:



pse Platform

File Edt Source Refactor MNavigate Search Project RBun  Window Help

i B-0-Q-  HHEFG- & e T %w0ebug)| &ava |
Hierarchy = B || [J] sHelloworldGreeter java [J] aSafedrgPrinter.java [3] AnUpperCasePrinter java 52 a EE Outline &2
=] <5==='> - package warmup;} L - \6\5 e w «
= 'bdexamp\es ~puhlic class AnlppercCasePrinter | Cb warmup

public static void wain(String[] argsa){ = @} AnlpperCasePrinter
if (args.length '= 1) { @ ¥ mainiStrinall)
System.out.println("Illegal nwiber of arguments:™ @ g isUpperCaseichar)
System.exit (-1}

]
+ D AHelloWorldGreeter java
] D AnlpperCasePrinter.java
-] AsafedrgPrinter.java

+-md, IRE System Library [jre1.5.0_04] ¥

System.out.println("Upper Case Letters:"):
int index = 0;
while (index < args[0].lengthi]] {

if (isUppercCase (args[0] .chardt (index)))
Svstew.out,.print (args[0] .charlt (index) ) ;

index++:
H
System.out.println();
}
public static boolean isUpperCase(char c)
return (o >= 'L') L& (o <= 'E');

t

¢ I >

Problems | Javador | Declaration | Bl Consale &2 Sﬁ BB & | et (]
<terminated > AnUpperCasePrinter [Java Application] :\Program FilesiJavaijrel 5.0_04ibintjavaw, exe (Aug 30, 2005 §:24:05 PM)

Upper Case Letters:

JFE

warmup - examples ‘Writable Smark Insert 11:1

Refactoring

Let us say we wish to add another class to the package. As before we can right click on the package name,
execute the New—>File command, and fill in the name of the class:



£ New File X

File

Create a new file resource.

Enter or select the parent folder:

‘ examples/warmup

=122 examples
= warmup

File name:

Advanced ==

Finish | Cancel |

However, things are different this time. The keywords code we add to the file do not, however, get bold.
Moreover, the outline window on the right does not show the structure of the program we are writing:

t

Java - AReversellpperCasePrinter - Eclipse Platform
File Edit Mavigate Search Project Run Window Help

l=<j' =] :ts"o'%' @EE?@' @ﬂ)ﬁ e Ef#gf&Debugg‘
[Z Package Explorer &2 Hierarchy = 0| [J] aHellowarldar ... [J] asafesrgPrinte. ., [J] AnUpperCaseFr... m] EE Outline 25
= G:D - package warmup! An outling is not available,
= b‘lexamples public class AReverseUpperCasePrinter |
= 3 warmup static final int MAX CHARS = 5;
¥ m AHelloworldGreeter . java static char[] upperCaseletters = new char [MAX CHARS]:
+-[J] AnUpperCasePrinter java static  int numberOfUpperCaseletters = 0;
+-[J] ASafehrgPrinter.java public static void main(Stringl[] args){
|=| AReversellpperCasePrinter if (args.length '= 1) {

+- =3, JRE System Library [jrel.5.0_04] System.out.println("Illegal nuwber of arguments:™ +
SJystem.exit-1);
i
int index = 0O:
Fyatem.out.println|("Upper Case Letters:"):
while (index < args[0].length()) {
if (isUpperCase (args[0] .chardt(index))) |
Fystem.out.print (args[0] .charlt{index));
storeChar (args[0] .charit (index) ) : .
) No Outline!
index++;

) No bold

Jystem.out.printlni);

printReverse (] ; face!

<

Problems | Javadoc | Declaration | Bl consale 52 & {_,E &t
<terminated= AnUpperCasePrinter [Java Application] C:\Program Files\Javaljrel.5.0_04\binjavaw. exe (Aug 30, 2005 5:24:05 PM)
Upper Case Letters:

JFE

The reason is that we forgot to add the .java suffix to the file name. Therefore, Eclipse does not realize that

we are writing Java code. At this point, we could delete the file:
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clipse Platform
File Edit Source Refackor Mavigate Search Project Run Window Help

i = #-0-Q- | BHFGC-|®F [0 T #Debug | &
i 7 = 8 || [J] AHelawwarldér. ., 4] AsafedrgPrinte. .. 4] AnUpperCasePr. .. 2] areverseUppe... 2 B || 5= outline 2
- package warmup; An outling is not available,
= bJexamDIEs public class AReverseUpperCasePrinter |
=3 warmup stat::Lc final int MAX CHARS = 5;
+ m aHelloworldGreeter java static char([] uppercCaseletters = new char[MAX CHARS] :
+ m AnUpperCasePrinter. java static int numberOfUpperCaseletters = 0;
+ m AsafeargPrinter.java public static void maini(String[] args){
B : if (args.length '= 1) {
+- =4, JRE System Library [| Hew + Jystem.out.println("Illegal nmuber of arguwoents:"™ +
Open 3 System.exit (-1);
Open with vl
int index = 0O:
|2 Copy Chel+C System.out.println("Upper Case Letters:™):
. while (index < arg=[0].lengthi{)) {

if (isUpperCasze (args[0] .chardt (index))) {
Syatem.out.print (arg=s[0] .charlt (index) ) ;
storeChar (arg=[0] .charlt (index) ) ;

Refackor Al+Shift+T »

i
I?\é] Impart... index++;
£ Export... +
Iystem.out.printlni); 1 1
Grehesh s SRS Will also delete from file system
Run 4
Debug 4
Team 4
Compare With 4
Replace With 4 ¥
Propetties Alt+Enter oc | Declaration ECnnsn\e 7 & :r_aﬂ [~ f

<terminated > AnUpperCasePrinter [Java Application] C:\Program Files\Javaljre1.5.0_04\bin\javaw.exe (Aug 30, 2005 5:24:05 PM)
Tpper Case Letters:
JFE

But this would mean we have to redo our work. (In some other environments, deleting a file from a project
does not remove it from the file system. In Eclipse, it is also removed from the file system.)

A better approach is to right-click on the wrongly named file and execute the Refactor->Rename command:

&= Java - AReverseUppe ter; - Eclipse Platform

File Edit Source Refactor Mavigate Search Project Run  ‘Window Help

il = F-0-Q%- FHG- | ®@F [DE- T %s0e
i = B || [J] aHellewarldér... [ asafeprgPrinte. .. [¥] AnUppercasspr... [E| aReverseUppe... &2 8 EEOutIine bt
- package warmup: An outline is nok av
=2 examples public class AReverselpperCasePrinter {
5 B warmup static final int MAX CHARS = 5;
#1- 1] AHelloWorldGrester java static char[] uppercCaseletters = new char [MAX CHLRI];
+ m AnUpperCasePrinter, java static int numberC0fUpperCaseletters = 0;
+ m AsafeArgPrinker.java public static void wmain(String[] args){
S if (args.length != 1) {
+ =8, JRE Systern Liby Hewy 4 System.out.println("Illegal nuwber of arguwents:™ +
Open F3 System.exitc(-1);
Open Wikh L4 '
int index = 0:
[iZ] Copy Chrl+C System.out.println("Upper Case Letters:"):
- while (index < args[0].lengthi)) {
- if (isUppercase (args[0] .charkt (index))) {

¥ Delete

Susrem Out.print (args[0] .chardt (index) )

riargs[0] .chardc (index));
Alt-+3hife+y

£2g Import... index++;
£ Export... ¥

N Fystem.out.printlni);
o Refresh F3 printReverse();
Run
Debug
Team
Compare With
Replace \With

v T v

Properties Alt+Enter

avados | Dedaration | B Cansale 52 % Sa e

<terminated > AnlJpperCasePrinter [Java Application] C:YProgram Files)Javaljrel.5.0_04ibintjavaw.exe (Aug 30, 2005 5:24:05 PM)
Upper Case Letters:
JFE
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We can now add the .java suffix:

£ Rename Resource E]

Mew narme:

Preview = | (0] | Cancel |

In the version of Eclipse | used, the keywords still remain unboldened. Moreover, the outline view is still not
shown. However, Eclipse does realize that this is a Java file as it points out syntax errors:

£~ Java - AReverseUpperCasePrinter.java - Eclipse Platform

File Edit Mavigate Search Project Run  ‘Window Help

-GS %0 | HHEG- | @9 [1so- B %

i Package Explorer &2 Hierarchy =8 m AHellowworldar. . m AsafesrgPrinte. .. m AnUpperCasePr. .. 8 EE Outline &3
[=| <':=={> - package warkup: ! An outline is not
= b%examples public class AReverseUpperCasePrinter {
- E‘jE}warmup static final int HJ\.X_CHJ\.RS = 5;
¥ m aHelloworldGreeter java static char[] upperCaseletters = new char[MAX CHARI]
+ m AnUpperCasePrinter . java static int numberOfUpperCaseletters = 0;
+|-ff] AReverselpperCasePrinter java public static wvoid wain(String[] args){
+ m ASafedrgPrinter java if (args.length '= 1) {
+-m IRE System Library [jrel.5.0_04] System.out.printlni("Illegal nuber of arguments: ™ +

System.exit(-1):
i
int index = 0;
System.out.println("Upper Case Letters:™):
while (index < args[0].lengthi{)) {
if (izUpperCase(args[0].charlt(index))) { =
System.out.print jargs[0] .chardt (index) ) :
storeChar (args[0] .charkt (index) ) ; -
}
index++;
i

System.out.printlni);

e printReversel() =
(x] 1 .
< | >
Prablems | Javadoc | Declaration | B Console &2 % Eﬁ F

<terminated > AnUpperCasePrinter [lava Application] C:\Program Fileslavatjrel,5.0_04ibintjavaw, exe (Aug 30, 2005 8:24:05 PM)
Tpper Case Letters:
JFE

Installing a Library

In this course, we will be using a system called ObjectEditor, which was developed by my research group.
To use it, we must tell our programming environment to make it part of the library used in our project. The
following screenshots illustrate this process for ObjectEditor.

Before we create a library, we must load the code for it on our computers. In case of ObjectEditor, the code
is stored in two files: oe.jar and shapes.jar, which can be obtained from:
http://www.cs.unc.edu/~dewan/uigen/software:



2} ObjectEditor Software - Microsoft Internet Explorer

File Edit Wiew Favorites Tools  Help
Q- Q- ¥ A& /_‘1 search 57 Favores (2] [:.j':\:- e om-Jid 3

Address |@ hikkp:f fwiw. cs.unc. eduj~-dewan uigen)sof tware]
Google - | v| @ ssarchweb ~ B | T Do blacked 2] options

ObjectEditor Software for Teaching

Please use Internet Explorer to download files and not Netscape.

Be sure to select the, Save this File to Disk, option after you cick on the link to a file you want to download.

Check that sizes of downloaded files are exactly the same as the ones given here.

+ Basic ObjectEditor Library: oe8.jar (S63KB. 574 5(;“‘“-"“‘
pen

Open in Mew Window

Graphics Library: shapes3.jar (160KB. 163.540

Print Taragst

Copy Shorteut

As we see above, there are two libraries to be downloaded: 0e8.jar and shapes3.jar. Let us load them in a
special directory that keeps our Java libraries:

Sawve jn: |E}Iib V| O ? ? '

D

iy Recent :QConsole.zip
Documents  |“0lagging.zip

?[_

Desktop

My Documents

by Computer

' File name: |038.zip v | [ Save ]

My Netlwork Save as type: |W’inZip File v | [ Cancel ]
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Save As
Save in: |L'f)|ib v| €] Sl i
Y :;jagent.zip
1 Ea o, zip
My Recent :QCDnsole.zip
Documents :;jlogging.zip
- :;joes.zip
=
L
Desklop
My Documents
My Computer
File name: :: A | [ Save ]
MyMNetwork = Saveastipe: | wirZip File v| [ ceme |

Notice that the browser prompts us to store them as zip files rather than jars. This is because the two are
equivalent. On a Windows platform it is better to use the suffix .zip for these files because WinZip can then
recognize them.

Now we must tell Eclipse about them. Each project can refer to a different set of libraries, so we must link
these two libraries to each project that uses ObjectEditor.

We right-click on the project, and select Properties:

& Java - AHelloWorldGreeter. java - Eclipse Platform

File Edit Source Refactor Mavigabe Search Project Run Window  Help
[ - $-0-Q- |BHG- | ®F| S |55 e

lorer X Higrarchy =B D AHelloworldar, ., 2 m AsafedrgPrinte.. ., m AnUpperCasePr,., AReverselppe...

packafje wWarmup;

puhlic class ALHelloWorldGreeter {

Mew ¥ | public static void main (String[] args) {
Go Into System.out.println ("Hello World®);

Qpen in New wWindow

Open Type Hierarchy

[ copr
-
o=l

¥ Delete
Source
Refactor

£2g Import..,.
7 Export...

£ Refresh

Close Project

Run

Debug

Team
Compare With

Properties

F4

B
£3
+ }
+
¥
B

Chrl+C

Delete
Ale+shift+5 ¥
Ale+shift+T

-

F5

- v v -

Restore from Local Histary. ..

Alt+Enter

I Froblems

Javador | Dedlaration | Bl Console &2

This results in the following screen:



= Properties for examples

Builders

Java Build Path
Java Compiler
Javadoc Location
Java Task Tags
Project References

Info

Path: lexamples
Type: Project
Location: Dnidewan_backupiJavall14-f0Stexamples

Last modified: August 30, 2005 12:39:58 PM

Default encoding For text files
" Inherit From container (Cp1252)

" other:

Restore Defaults | Apply ‘

We select Java Build Path:

Properties for examples

Info
EBuilders

Java Compiler
Javadoc Location
Java Task Tags
Project References

Java Build Path

[ source ] = Erojects] =i, Libraries 5 Order and Export ]

Build class path order and exported entries:
(Exported entries are contributed to dependent projects)

M= examples
O =i IRE System Library [jrel.5.0_04]

Select all
Deselect Al

Default output Folder:

examples Browse. ..

oK | Cancel

The next step is to select the library tab.
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£ Properties for examples

Infa
Builders

Java Build Path
Java Compiler
Javadoc Location
Java Task Tags
Project References

Java Build Path

2 source | 1 Projects B Lbraries | & order and Expart |
J4Rs and class Folders on the build path:

+- B, JRE System Library [jrel.5.0_04] Add JARs...

68

Add External JARs. ..
Add Yariable. ..
Aadd Library. ..

Add Class Folder...

I
[ s

Defaulk output Folder:

examples Browse, .,
oK | Cancel |

As the jar files we are about to add are in an external directory, we press the Add External JARs button.
Eclipse us to select the libraries from the file system. We cal select the two jar/zip files.

JAR Selection 3

Look ir: |L'f} lib j =k mE-
_5. :ljagent.zip syncexamples, jar
L corn, zip

My Recent QConsole.zip
Documerits jealendar . jar
:ljlogging.zip
oed,
I_'I‘ oed.z
o, jar
0eErooye.jar
shapesz.jar

-~

E =, shapes3, zip

_— shapes. jar
\%-! swingall L0z, jar

My.Eomputer swingall jar

% sync.jar

My Metwork — File hame: |"shap333. zip” "oedzip” j Open

Flaces \—l
Files of bype: |", jar” zip j Cancel

Eclipse adds them to the built-in Java library called JRE:



£ Properties for examples

Infa Java Build Path
Builders
Java Build Path

v Compil [ source I = Projects S Libraries | P Order and Expart ]
ava Compier

Javador Location JARs and class folders on the build path:
Jawa Task Tags - 0e8.zip - Diidewan_backupiJavallib add J4Rs. ..
Project References +-4 shapes3.zip - D:\dewan_backupiJavailib _

+-2, JRE Syskem Library [jre1.5.0_04]

Add Yariable. ..
Add Library...
Add Class Folder, ..

Remove

Default output Folder:

examplas Browse, ..

oK, | Cancel |

To check the libraries work, let us create a test program, AnObjectEditor tester:

File

Create a new file resource,

Enter or select the parent: folder:

| exampleswarmup

= Igd examples
[ warmup

File name: | AnObjectEdtorTester.javal

fdvanced ==

Finish | Cancel
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The program imports a particular class in the library, bus.uigen.ObjectEditor, and then invokes the edit()
method on it, passing it a string. In general, any object can passed to the method.

= Java - AnObjectEditorTester. java - Eclipse Platform

File Edit Source Refactor Mawvigate Search Project Run  Window  Help

C-HE | %-0-%- |G- | @™ | 4B |3 -5 -6

[# Package Explarer &2 Hierarchy = 0| [J] anlpper... ARevers, .. m@ APaint.... [J] asafedr... et

packaige warmup;

— '[g‘lexamples import bus.uigen.ChjeccEditor;
- EEwarmup wpublic class AnChjectEditorTester {
T D aHeloworldGreeter java = public static void main (3tring[] args) |
+[J] AnObjectEditorTester. java COhjectEditor.editc ("Hello World");
+ m AnlpperCasePrinter.java i
= [J] APaint.java ¥
<@ apoint

+ m AReverselpperCasePrinter java
+- [J] AsafesrgPrinter java
+1-B JRE Syskem Library [jrel.5.0_04]
+ :ﬁ shapes3.zip - D:dewan_backupi Jawvall
¥ Eu oes.2ip - Ddewan_backupiJavallib

Problems | Javadoc | Declaration | Bl console 52

AnObjectEditor Tester [Java Application] C:\Program Files)Javaljrel 5.0_041bintjavaw.exe (Sep &6, 2005 11:48:
Chiject: Hello World

The following ObjectEditor window is created:

& [String]

File Edit “iew Customize

Hello wiorld

At this point we know the oe librarry got linked correctly. To ensure that the shapes library, which is the
drawing library referenced by oe, has also been linked, let us execute the View-> Drawing command:



B

& [String]
File Edit BUENS Customize
Hellowor| Fefresh
Auto Refresh
Auto Refresh All Frames
Incremental Refresh

ExpandiCollapse
HidefShow Handles
Deep Expand

Tree

Drawing

Main Panel

An additional drawing window gets created. It is currently empty — that is OK, we have not added any
graphics objects to it. If we did not get the window or an exception is thrown by OE, we know the shapes
library did not get added.

£ [string]
File Edit ‘iew Customize

>

| £

< |

| ™

Hella World

_

As mentioned above, you must add these libraries to each project you create.
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