Update to Ivor Horton’s Beginning Java 2 JDK 5 Edition for Java SE 6

The Java SE 6 JDK release was a major enhancement over JDK 5 with significant improvements in performance and reliability. There was relatively little new functionality for the newcomer to Java so a new edition of my Beginning Java book could not be justified, but there are some new features. I'd like to highlight a few of these that should be of interest and that may make it into a future edition of the book. These are the following:

*
The Console class that encapsulates a character-based console device attached to the Java virtual machine

*
The splash screen capability for applications that may be slow to start up

*
Extensions to the File class that allow you to obtain information about disk usage

*
Extensions to the File class that allow read and write permissions to be set

*
The ArrayDeque<E> collection class

Using a Console

A java.io.Console object represents a console attached to the Java virtual machine that you can use for character-based input and output. For applications started in the usual way from the command line the console will correspond to the keyboard for input and the command line on the screen for output. You obtain a reference to the console for the Java virtual machine like this:

Console cons = System.console();

The static console() method in the java.lang.System class returns a reference of type Console to an object that encapsulates the console, or null if the console for the virtual machine does not exist.

The Console class provides you with three significant capabilities:

*
The printf() and format() methods write formatted output to the console.

*
The readLine() method reads an input line from the console as a string after issuing a prompt.

*
The readPassword() method provides a password input capability from the console where the characters read are not echoed to the command line.
The printf() and format() Methods

You can write formatted output to the console using the format() method, which is of the following form:

Console format(String fmt, Object... args)

Alternatively you can use the printf() method, which is of this form:

Console printf(String fmt, Object... args)

The printf() method is a convenience method for those who prefer to use this method name, and it is exactly equivalent to calling the format() method. I'll use printf() in the following discussion.

The first argument is a format string that determines what the output will look like. The format string contains embedded format specifiers that determine how each of the subsequent arguments are to be represented in the output. Thus, characters in fmt that are not part of any of the format specifiers are simply written to the console with the argument values inserted in place of the format specifiers.

In general, the format specifiers that you embed in a format string for output operations for the console are all of the following form: 

%[argument_index$][flags][width][.precision]conversion

Each item enclosed within square brackets is optional so the minimum consists of a % character followed by a conversion specification. The meanings of the items that can appear in a format specifier are as follows:

*
argument_index is an integer specifying the position in the argument list of the argument to which the format specifier applies. 1$ indicates the first argument following the format string argument, 2$ the second, 3$ the third, and so on. If argument_index is absent, then the conversion applies to the corresponding argument in sequence—that is, the first specifier without argument_index applies to the first argument following the format string, the second corresponds to the second argument and so on; this is independent of, and not affected by, any specifiers that do include argument_index.

*
flags is a set of characters that modify the output format, and the flags you can use depends on the conversion you are using. Possible flags are:

	Flag
	Effect and Applicability

	'-'
	Left justifies the result. This can be applied to all output conversions.

	'+'
	Always includes a sign in the result for integer and floating-point conversions.

	' '
	A positive result will have a leading space for integer and floating-point conversions.

	'0'
	The result of an integer or floating-point conversion is padded with zeroes.

	'('
	The result of a negative integer or floating-point conversion will be enclosed within parentheses.

	','
	The result of an integer or floating-point conversion will include locale-specific grouping separators.

	'#'
	For octal and hexadecimal integer conversions and floating-point conversions the result should be in a conversion-dependent alternate representation.


*
width is an integer specifying the minimum number of characters to be written to the output.

*
precision is an integer specifying the precision of a floating-point output value.

*
conversion is either a single character for numeric, character, and string data, or a two-character sequence beginning with 't' or 'T' for formatting date and time values. You can find complete details in the Java documentation for the Formatter class but here are the most useful options for the single character conversion specifications:

	Conversion
	Description

	'c' or 'C'
	The result is a Unicode character.

	'd'
	The result is a decimal integer.

	'o'
	The result is an octal integer.

	'x' or 'X'
	The result is a hexadecimal integer.

	'e' or 'E'
	The result is a floating-point value in scientific notation (that is, with an exponent).

	'f'
	The result is a floating-point number.

	'g' or 'G'
	The result is a floating-point number that will be in scientific notation if the precision and rounding dictates.

	'a' or 'A'
	The result is a floating-point number in hexadecimal notation.

	's' or 'S'
	If the argument is of a type that implements java.util.Formattable, the formatTo() method for the argument is invoked; otherwise the toString() method for the argument is called. If the argument is null, then the result is null.

	'%'
	The result is a literal percent character.

	'n'
	The result is a line-separator character.


Now that you are familiar with the form of format specifiers and what your options are, here are some examples of particular format specifiers and what they do:

	Specifier
	Effect

	%2$-10d
	Convert the second data argument as an integer left-justified in a field width of 10.

	%208d
	Convert the second data argument as a decimal integer in a field width of 8 padded with zeroes to the left if necessary.

	%1$15.4e
	Convert the first argument as a floating-point value in scientific notation in a field width of 15 with 4 digits precision.

	%3$X
	Convert the third data argument as a hexadecimal integer value with uppercase hexadecimal digits A to F.

	%%
	Output a literal '%' character.

	%n
	Output a line separator.


Using the %s conversion is particularly flexible because for objects of a type that implements the Formattable interface, the output conversion mechanism is selected automatically. By implementing the Formattable interface for your own class types you enable automatic formatting of your objects using %s.

The readLine() method

The readLine() method that reads a single line from the console input is of the following form:

String readLine(String fmt, Object... args)

The first argument is a string with format specifiers embedded in it that determine how the values specified by subsequent arguments are to be inserted in the string. The resultant string is written to the console as a prompt prior to reading a line of input from the console as a String object. The format specifiers are exactly the same as for the printf() method (discussed in the previous section). Here's an example using a Console object, cons:

      String name = cons.readLine("Enter your name: ");

The prompt "Enter your name: " will be displayed before a line of input is read from the console. You could achieve a similar effect like this:

      String inFmt = "Enter your %1$s: ";   // Reusable format string

      String name = cons.readLine(inFmt,"name");

You could reuse the inFmt string in this way to create various prompts of the form 

Enter your XXXXX: 

You just supply a suitable argument for the %1$s specifier to produce the XXXXX that you want.

If you don't want to issue a prompt for input, you can use the version of the readLine() method that requires no arguments:

      String name = cons.readLine();

The next line of input is read without prompting.

The readPassword() Method

The readPassword() method is of the form:

char[] readPassword(String fmt, Object... args)

The arguments determine the prompt to be issued for entry of the password in the same way as for the readLine() method. The password is returned as an array of char elements. This is so you can overwrite the password once you have checked its validity. For example:

Console cons = System.console();

char[] pword = cons.readPassword("Enter your password: ");

// Code to validate the password...

// Now erase the password for security

java.util.Arrays.fill(pword, ' ');    // Overwrite with spaces

Here's a simple working example that exercises the VM console:

// Try out the Java VM console

import java.io.Console;

import java.util.Arrays;

public class TryConsole {

    public static void main(String[] args) {

      long age = 0;

      Console cons = null;

      String inFmt = "Enter your %1$s: ";   // Reusable format string

      String pwActual = "YourPassword";     // Password required

      // Get the console

      if((cons = System.console()) == null) {    // Check we have a console

        System.err.println("No console for virtual machine.");

        System.exit(1);

      }

      String name = cons.readLine(inFmt, "name");

      char[] pw = cons.readPassword(inFmt, "password");

      String pwStr = new String(pw);

      if(!pwActual.equals(pwStr))

        cons.printf("Password \"1$%s\" invalid but continuing anyway.%n",

                                                                  pwStr);

      // Now erase password in memory

      pwStr = null;

      Arrays.fill(pw, ' ');         // Fill array will spaces

      try {

        // The decode() method expects no spaces in the string to be

        // decoded so I use trim() to remove any from front and back

       // of the string read.

        age = Integer.decode(cons.readLine(inFmt, "age").trim());

        // There's no reason for reversing the ouput values below

        // other than to show it's possible

        cons.printf("Hello %2$s. You are %1$d years old.%n", age, name);

      } catch ( NumberFormatException nfe) {

          System.err.println("invalid numerical input. ");

        }

    }

}

Displaying a Splash Screen at Startup

A splash screen is an image that is displayed while a program is being loaded. The idea is to give the user some reassurance that something is happening when the startup process is taking some time. You can cause a splash screen to be displayed when your application starts very easily. You just add the -splash command line switch to the startup command for your application:

java -splash:MySplash.jpg Sketcher

This command will display the image from the file MySplash.jpg. The image will be centered on the screen and will be displayed immediately before starting the Java virtual machine and the Sketcher application. The splash screen will continue to be displayed until the application window appears. The image file here is assumed to be in the same directory as the program. If it isn't, you must specify the full path to the file following the colon in the -splash switch. The image you specify for the splash screen display can be a GIF, JPEG, or PNG file. 

To see a splash screen in action, you could modify the initial version of the Sketcher class that appears on  page 866 in Chapter 18 of Beginning Java 2 JDK 5 Edition to the following:

// Sketching application with Splash screen

import java.awt.Toolkit;

import java.awt.Dimension;

import javax.swing.SwingUtilities;

public class Sketcher {

  public static void main(String[] args) {

    SwingUtilities.invokeLater(

       new Runnable() {                   // Anonymous Runnable class object

                        public void run() {     // Run method executed in thread

                        try {

                          Thread.sleep(10000);  // Wait to see splash

                        } catch(InterruptedException e) {

                        }

                          creatGUI();            // Call static GUI creator

                        }

                      }       );

  }

  static void creatGUI() {

    window = new SketchFrame("Sketcher");        // Create the app window

    Toolkit theKit = window.getToolkit();        // Get the window toolkit

    Dimension wndSize = theKit.getScreenSize();  // Get screen size

    // Set the position to screen center & size to half screen size

    window.setBounds(wndSize.width/4, wndSize.height/4,        // Position

                      wndSize.width/2, wndSize.height/2);      // Size

    window.setVisible(true);

  }

  private static SketchFrame window;             // The application window

}

The lines I added just delay the creation of the application window for 10 seconds to ensure that you get to see the splash screen; you would not need this in an application that takes a while to load. Also, the sleep() method can throw an exception, so it needs to be in a try block.  You can use any old JPEG image from your digital camera—just rename your image file to MySplash.jpg and put it in the same directory as Sketcher.java.

You can't cause a splash screen to be displayed programmatically, but you can modify it programmatically while it is displayed. Remember, the splash screen will be displayed until the first window is displayed by your program so all updates to the splash screen image should occur before then. The first step is to obtain a java.awt.SplashScreen object that encapsulates your splash screen image:

SplashScreen splash = SplashScreen.getSplashScreen();

The static getSplashScreen() method in the java.awt.SplashScreen class returns a reference to an object encapsulating your image, or null if there's no splash screen image, so it's a good idea to verify that the reference returned is not null before you do anything with it..

To add to the splash screen display you need a graphics context. You obtain a graphics context for the SplashScreen object like this:

Graphics2D g = (Graphics2D)splash.createGraphics();

This returns a reference to a Graphics2D object as type Graphics. You must cast it to type Graphics2D to make use of the full functionality of the graphics context. The graphics context that you get represents a transparent overlay on the original image from your file, so whatever you draw here will be overlaid on that.

Here's how you could add some text to the image:

                          g.setColor(Color.RED);

                          Rectangle rect = splash.getBounds();

                          g.setFont(new Font("Times New Roman",Font.BOLD, 24));

                          g.drawString("Sketcher is loading...",

                                                            50, rect.height/2);

The getBounds() method returns the bounding rectangle for the splash screen, so you get the location of the splash screen image as well as its width and height. Here I only make use of the dimensions, so I can use the getSize() methods, which returns a reference to a Dimension object for the image.

Here's a revised version of main() for the earlier example that will add the text to the splash screen:

  public static void main(String[] args) {

    SwingUtilities.invokeLater(

       new Runnable() {                  // Anonymous Runnable class object

                        public void run() {    // Run method executed in thread

                        SplashScreen splash = SplashScreen.getSplashScreen();

                        if(splash != null)  {

                          Graphics2D g = (Graphics2D)splash.createGraphics();

                          g.setColor(Color.RED);

                          Rectangle rect = splash.getBounds();

                          g.setFont(new Font("Times New Roman",Font.BOLD, 24));

                          g.drawString("Sketcher is loading...",

                                                            50, rect.height/2);

                          splash.update();

                          try {

                            Thread.sleep(10000);  // Wait to see splash

                          } catch(InterruptedException e) {

                          }

                        }

                          creatGUI();            // Call static GUI creator

                        }

                      }       );

  }

You'll need to add import statements to the file for the SplashScreen, Graphics2D, Color, and Font class names, which all appear in java.awt.

My splash screen for Sketcher is shown in Figure 1.
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Figure 1

As you can see, the text overlays the original image. Of course, the image file will not be changed by anything you write to the graphics context.

Getting Disk Usage Information

When you are creating new files of any size, you may want to be sure that there is sufficient space available to accommodate them. Prior to Java SE 6 you had no way to do this, but there are three new methods in the java.io.File class that now enable you to get information on the available space in a partition:

	Method
	Description

	getTotalSpace()
	Returns the total number of bytes in the partition as a value of type long.

	getFreeSpace()
	Returns the total number of bytes unallocated in the partition as a value of type long.

	getUsableSpace()
	Returns the total number of bytes available in the partition as a value of type long. Checking for available space will take account of write permissions and other operating systems restrictions.


To use these methods you just need to create a java.io.File object from the partition name. Here's an example that will illustrate how you could get information about the C: drive partition in the MS Windows environment. For other environments you need to change the driveName value appropriately.

// Getting partition information

import java.io.Console;

import java.io.File;

public class GetPartionInfo {

    public static void main(String[] args) {

      Console cons = null;

      String driveName = "\\C:";          // MS Windows C drive name

      File cDrive = new File(driveName);      

      if((cons = System.console()) == null) {

        System.err.println("No console for virtual machine.");

        System.exit(1);

      }

      cons.printf("There are a total of %1$,d bytes in the %2$s partition.%n",

                                      cDrive.getTotalSpace(), driveName);

      cons.printf("There are %1$,d bytes unallocated in the %2$s partition.%n",

                                       cDrive.getFreeSpace(), driveName);

      cons.printf("There are %1$,d bytes usable in the %2$s partition.%n",

                                     cDrive.getUsableSpace(), driveName);

    }

}

Here's an example of some output from this program:

There are a total of 295,361,576,960 bytes in the \C: partition.

There are 237,038,641,152 bytes unallocated in the \C: partition.

There are 237,038,641,152 bytes usable in the \C: partition.

Note the use of the ',' flag in the format specifiers in the first argument to printf() to get the output values with comma separators as shown.

Setting Read and Write Permissions

You also have new methods in the java.io.File class that enable you to set read and write permissions for a file. These are very helpful when you want precise control over access to files that your program creates. The methods for setting read and write permissions for a file are:

	Method
	Description

	setReadable(boolean readable,
           boolean ownerOnly)
	If readable is true, the file read access permission is set to allow reading of the file, otherwise reading will not be permitted. If ownerOnly is true, the permission setting applies only to the file owner; otherwise, the permission setting applies to everyone.

If the underlying file system does not distinguish the file owner, then the permission setting applies to everyone.

The method returns true if the permission setting is successful and false otherwise. The setting will fail if the operating system does not implement file permissions.

	setWritable(boolean writable,
           boolean ownerOnly)
	This essentially sets the write permission for a file in the same way that the read permission can be set.


Given that you have created and written a file encapsulated in a File object file, you can restrict further writing to this file with the following statement:

file.setWritable(false, false);

This sets the write permission inhibiting writing to the file for everyone. Of course, you could achieve the same result as this statement with the setReadOnly() method. Note that the setReadable() and setWritable() methods will throw a SecurityException exception if the Security manager denies access to the file.

The ArrayDeque<E> Collection Class

There are several new collection classes. However, the one that I think is of the widest interest is the java.util.ArrayDeque<E> parameterized class, so I'll focus just on that. The ArrayDeque<E> class implements a resizable array of elements of type E that is also a double-ended queue (referred to as a deque). It implements the new Deque<E> interface that extends the existing Queue<E> interface to provide the capability for adding and removing elements at both ends. The Deque<E> interface provides the following methods in addition to those defined by the Queue<E>:

	Method
	Description

	addFirst(E e)
	Adds the element e at the front of the deque if possible. If capacity restrictions on the deque prevent e from being added, an exception of type IllegalStateException will be thrown. The method will also throw an exception of type ClassCastException if the type of e is not permitted for the deque, or of type NullPointerException if e is null and null elements are not allowed, or of type IllegalArgumentException if some other property of e prevents it from being added.

	offerFirst(E e)
	This operates as the addFirst() method except that it returns true if e was added to the deque and false if it could not be added because of capacity restrictions.

	addLast(E e)
	This adds e to the end of the deque and otherwise operates as addFirst().

	offerLast(E e)
	This adds e to the end of the deque and otherwise operates as offerFirst().

	removeFirst()
	Removes the first element in the deque and returns it. An exception of type NoSuchElementException is thrown if the deque is empty.

	pollFirst()
	Removes the first element in the deque and returns it. The method returns null if the deque is empty.

	removeLast()
	Removes the last element in the deque and returns it. An exception of type NoSuchElementException is thrown if the deque is empty.

	pollLast()
	Removes the last element in the deque and returns it. The method returns null if the deque is empty.

	getFirst()
	Returns the first element in the deque but does not remove it. An exception of type NoSuchElementException is thrown if the deque is empty.

	peekFirst()
	Returns the first element in the deque but does not remove it. The method returns null if the deque is empty.

	getLast()
	Returns the last element in the deque but does not remove it. An exception of type NoSuchElementException is thrown if the deque is empty.

	peekLast()
	Returns the last element in the deque but does not remove it. The method returns null if the deque is empty.


Note that the existing LinkedList<E> collection class has been extended to implement the Deque<E> interface in Java SE 6.

Thus, an ArrayDeque<E> object provides you with a resizable deque that automatically increases in capacity when the existing capacity is exceeded. You have three constructors available:

	Constructor
	Description

	ArrayDeque<E>()
	Creates an empty array deque that will initially hold 16 elements of type E.

	ArrayDeque<E>(int n)
	Creates an empty array deque that will initially hold n elements of type E. 

	ArrayDeque<E>(
Collection<? extends E> c)
	Creates an array deque containing the elements of c in the sequence they are returned by the iterator for c.


A deque can contain duplicate elements, but it cannot store null elements. Here's how you could create a deque to hold strings:

ArrayDeque<String> strings = new ArrayDeque<String>();

This creates a deque to store String objects with an initial capacity for 16 strings. If you know you are likely to need significantly more space than this, you can save the resizing overhead by specifying what you want:

ArrayDeque<String> strings = new ArrayDeque<String>(500);

This holds 500 strings initially, but of course, it will still grow if necessary.

To add a string to the beginning, you can write:

strings.addFirst("A new string.");

As the strings deque is not capacity limited, it doesn't matter whether you use addFirst() or offerFirst().

You can search for a particular element using the contains() method:

String name = "Jack Flash";

if(strings.contains(name))

  cons.printf("%1$s is present.", name);

You can also obtain the contents of a deque as an array, like this:

String [] contents = strings.toArray(new String[0]);

If the array that you pass as the argument has sufficient capacity to store the elements from the deque, then they will be stored in that array and that array is returned. If, as in the statement above, the argument has insufficient capacity, the toArray() method creates a new array of the appropriate size and returns a reference to the new array.

Here's a simple example that uses a deque:

// Using a Deque

import java.io.Console;

import java.util.ArrayDeque;

import java.util.LinkedList;

import java.util.Iterator;

import java.util.Collections;

public class TryDeque {

    public static void main(String[] args) {

      Console cons = null;

      if((cons = System.console()) == null) {

        System.err.println("No console for virtual machine.");

        System.exit(1);

      }

      ArrayDeque<String> names = new ArrayDeque<String>();

      String name = null;

      while(true) {

        name = cons.readLine("Enter a name, or press Enter to end: ");

        if(name.length() == 0)

          break;

        names.addFirst(name);        

      }

      cons.printf("%nYou entered %1$d names.%n", names.size());

      // Now output the names from the deque

      cons.printf("%nThe names you entered are:%n");

      Iterator<String> nameIter = names.iterator();  // Get an iterator

      while(nameIter.hasNext())

        cons.printf("%s%n", nameIter.next());

      // Now sort the names...

      // We need a List to use the sort() method

      LinkedList<String> namelist = new LinkedList<String>(names);

      Collections.sort(namelist);                    // Sort the list

      nameIter = namelist.iterator();                // Get an iterator

      cons.printf("%nIn ascending sequence the names you entered are:%n");

      while(nameIter.hasNext())

        cons.printf("%s%n", nameIter.next());

    }

}

You can enter as many names as you like, and the deque will adjust in size as required. Here's some sample output:

Enter a name, or press Enter to end: Fred

Enter a name, or press Enter to end: Mary

Enter a name, or press Enter to end: Bill

Enter a name, or press Enter to end: Ann

Enter a name, or press Enter to end: Jack

Enter a name, or press Enter to end: Denny

Enter a name, or press Enter to end: Milly

Enter a name, or press Enter to end: Joan

Enter a name, or press Enter to end: Zoe

Enter a name, or press Enter to end: Eleanor

Enter a name, or press Enter to end:

You entered 10 names.

The names you entered are:

Eleanor

Zoe

Joan

Milly

Denny

Jack

Ann

Bill

Mary

Fred

In ascending sequence the names you entered are:

Ann

Bill

Denny

Eleanor

Fred

Jack

Joan

Mary

Milly

Zoe

I chose to add strings to the start of the deque but adding them to the end or even alternating ends would work just as well.

Summary

Of course, I have introduced just a few of the new features in Java SE 6 that might make it into the next edition of Beginning Java, so browsing the product documentation would be very worthwhile. Here are the key points I have discussed:

*
You can use the printf() or format() methods for the Java console to get precise control of the formatting for output to the command line.

*
The readPassword() method for the Java console object enables you to read a password from the keyboard without echoing the characters that are entered.

*
The -splash option enables you to display a splash screen while you application is loading. You can also modify the appearance of the splash screen programmatically.

*
New methods in the java.io.File class enable you to discover the amount of free space in a partition so you can now verify you have enough space available when you create new files.

*
The setReadable() and setWritable() methods in the java.io.File class provide you with a means to set read and write permissions for a file.

*
The java.util.ArrayDeque<E> class is a new collection class that is an efficient double-ended queue.

