ES153: Java Laboratory 7

ES153 – Engineering Software

Week 18 – ‘Java applications, Swing and Applets’

Main objective for this session is to introduce/get you started, help to confirm your understanding of Java Swing and Applets, related concepts, ideas etc. To do this we will be making use of a ‘virtual laboratory’ and an associated quiz.

Timing/scheduling arrangements:

· Tue: Group 1 - 9-11am, Group 2 - 11-1pm, in R055
Main aspects to be completed as a part of the session include:

· The virtual/e - labsheet and associated quiz can be found at the course website; address: http://www.eng.warwick.ac.uk/staff/elh/es153. By reading and working through the elabsheet please complete the associated quiz. 

· esubmission of your elogbook, including associated quiz answers, by 12noon Fri week 18 to http://www.eng.warwick.ac.uk/assignments/. The actual contents of your document should be anonymous because they will be ‘egraded’ by your peers. You are required to answer the quizzes in your own words!
· egrading – at about 1pm Fri week 18 the egrading system will be live at: http://www.eng.warwick.ac.uk/assignments/ES153grading/. You will be required to grade some 5 randomly selected submissions by 12noon Wed week 19    

Coursework marks will be derived from a combination of assessment of:

· your own esubmissions which we will require from time to time

· your performance in the egrading of others (egrading will I hope benefit you in a number of ways, as well as the marks you get for your own submission of marking. For example experience shows that if you treat it seriously it will help you, implicitly or explicitly to become more aware of your understanding of the subject because of the critical, analytical and other skills that you will be developing through the process. Other potential benefits include the fact that it can check your progress relative to your peers much more quickly and thus help you to identify your strengths, weaknesses, etc; you have access to a much greater range of alternative solutions than would normally be the case; you get some useful feedback much more quickly than would normally be possible; etc)

ES153: Java Laboratory 7
Java applications, Swing and Applets
1. Session Objectives

The aim of this laboratory is to introduce you to the ways in which graphical Java operates via Swing and applets.  Here we will introduce the fundamentals of the Java Foundation Classes to enable us to create graphical applications.
2. Introduction

NB: The source code is available at: http://www.isel.warwick.ac.uk/es153/.
The Java Foundation Classes (JFCs) are a group of features to help us for example to build graphical user interfaces (GUIs) for our Java programs.  The JFCs encompass a range of tools, for example the Swing components.  Java Swing – as it is unofficially called – is the more recent addition to the Java graphical family, mostly replacing the Abstract Windowing Toolkit (AWT).  We have most frequently encountered the Java AWT when we run applets in our web browser.  Applets are small Java programs that can run within web pages to provide more functionality.  An example of an applet is a news ticker on, for example, the BBC website (www.bbc.co.uk), Figure 1 below. Figure 2 contains the code.
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Figure 1.  A ‘Hello World’ Swing program

A disadvantage of AWT is that in order for an applet to run successfully on a client web browser, the web browser must have the necessary Java classes pre-installed.  This is termed native code because it is specific to the computer’s operating system (e.g. Microsoft Windows, Linux Red Hat etc.) and it is different for every operating system.  Because of this, AWT is restricted in functionality and as such, is currently being phased-out with the growth of Java Swing.

import javax.swing.*;        

public class HelloWorldSwing {

  public static void main(String[] args) {

    JFrame frame = new JFrame("HelloWorldSwing");

    final JLabel label = new JLabel("Hello World");

    frame.getContentPane().add(label);

    frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);

    frame.pack();

    frame.setVisible(true);

  }

}

Figure 2.  The ‘HelloWorld’ source code
3. Swing Graphics
Similar to the programs that we have written in previous laboratory sessions, Swing applications are also inherently object-oriented.  Here we will explore the use of the basic painting functions available from the AWT.  Although we are working with Swing windows, we can still use AWT classes in our program.  Listed in figure 3 is the program code for creating a Swing window and drawing a series of lines, ovals and rectangles.  Compile the code ensuring that you understand the flow of execution and the processes involved in drawing to the window.  This forms part of quiz question 1.
import java.awt.*;

import java.awt.event.*;

import javax.swing.*;

public class LinesRectsOvals extends JFrame {

  public LinesRectsOvals() {

    super("Drawing lines, rectangles and ovals");

    setSize(400,165);

    setVisible(true);

  }

  public void paint(Graphics g) {

    super.paint(g);

    g.setColor(Color.red);

    g.drawLine(5,30,350,30);

    g.setColor(Color.blue);

    g.drawRect(5,40,90,55);

    g.fillRect(100,40,90,55);

    g.setColor(Color.cyan);

    g.fillRoundRect(195,40,90,55,50,50);

    g.drawRoundRect(290,40,90,55,20,20);

    g.setColor(Color.yellow);

    g.draw3DRect(5,100,90,55,true);

    g.fill3DRect(100,100,90,55,false);

    g.setColor(Color.magenta);

    g.drawOval(195,100,90,55);

    g.fillOval(290,100,90,55);

  }

  public static void main(String args[]) {

    LinesRectOvals application = new LinesRectsOvals();

    application.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);

  }

}

Figure 3. Code listing of LinesRectsOvals.java
As can be seen from figure 3, the LinesRectsOvals class defines one constructor and two methods.  Firstly, the constructor for LinesRectsOvals is given by the line

public LinesRectsOvals() {

From the 4th line of figure 3, we can see  that our class extends JFrame and therefore inherits its properties.  Furthermore we can see that the LinesRectsOvals constructor is responsible for creating a new JFrame and modifying the properties of the resultant window.  JFrame is created by the constructor calling JFrame’s own constructor with the super() method (recall that our class is an extension of JFrame).  Properties of the window are then set with the subsequent method calls.
The first method – paint() – is called immediately when we instantiate new LinesRectOvals objects.  Again, we firstly invoke JFrame’s own paint() method prior to painting our custom graphics to the window.  The method then proceeds to paint the objects.

The second method defines the main body of the program.  Only two lines are needed: one to create a new JFrame and associated graphics; and one to describe how to close the window.

As we can appreciate, graphics are an all-important factor to consider when writing GUI-based programs, and Java reflects this with the relative ease with which it allows us to create graphics objects.  Figure 3 was a small example of how to create arbitrary graphics objects on the window canvas.  The example given in figure 4 extends this notion to graphical data output.  The code listing given in figure 4 plots a line graph to a window.  Again, ensure that you understand the flow of execution.  This forms part of quiz question 3.
import java.awt.*;

import java.awt.event.*;

import java.awt.geom.*;

import javax.swing.*;

public class PlotGraph extends JFrame {

  public PlotGraph() {      

    super("Plot of a basic graph of data points");

    setSize(500,400);

    setVisible(true);

  }

  void drawXaxis(final Graphics2D g2d) {

    Line2D line = new Line2D.Double (50,350,450,350);

    g2d.draw(line);

    for(int i=0; i<11; ++i) {

      if (i != 0) {

        line.setLine((i*40)+50,350,(i*40)+50,355);

        g2d.draw(line) ;

      }

      g2d.drawString(new Integer(i*10).toString(),(i*40)+42,370);

    }

    g2d.setColor(Color.blue);

    g2d.drawString("X axis",250,385);
    g2d.setColor(Color.black);

  }
  void drawYaxis(final Graphics2D g2d) {

    Line2D line = new Line2D.Double(50,350,50,70);

    g2d.draw(line) ;

    for (int i=0 ; i<8 ; ++i) {

      if (i != 0) {

        line.setLine(50,350-(i*40),45,350-(i*40));

        g2d.draw(line) ;

      }

      g2d.drawString(new Integer (i*10).toString(),24,355-(i*40));

    }

    g2d.setColor(Color.blue);                                   

    g2d.drawString("Y",10,40);          

    g2d.drawString("a",10,55);

    g2d.drawString("x",10,70);

    g2d.drawString("i",10,85);

    g2d.drawString("s",10,100);

    g2d.setColor(Color.black);

  }
  void plotCross(final Graphics2D g2d,final int x,final int y) {

    Line2D line = new Line2D.Double (x-5,y-5,x+5,y+5);

    g2d.draw(line);

    line.setLine(x+5,y-5,x-5,y+5);

    g2d.draw(line);

  }
  void plotPoint(final Graphics2D g2d,

                 final int x,final int y,

                 final int oldx,final int oldy) {

    int posX = 4 * x + 50;

    int posY = 350 - 4 * y;

    int posOldX = 4 * oldx + 50;

    int posOldY = 350 - 4 * oldy;

    plotCross(g2d,posX,posY);

    Line2D line = new Line2D.Double (posOldX,posOldY,posX,posY);

    g2d.draw(line);

  }
  void points(final Graphics2D g2d) {

     plotPoint(g2d, 10, 10,  0,  0);

     plotPoint(g2d, 20, 35, 10, 10);

     plotPoint(g2d, 30, 40, 20, 35);

     plotPoint(g2d, 40, 30, 30, 40);

     plotPoint(g2d, 50, 35, 40, 30);

     plotPoint(g2d, 60, 30, 50, 35);

     plotPoint(g2d, 70, 40, 60, 30);

     plotPoint(g2d, 80, 30, 70, 40);

     plotPoint(g2d, 90, 60, 80, 30);

  }
  public void paint(final Graphics g) {

    Graphics2D g2d = (Graphics2D)g;

    drawXaxis(g2d);

    drawYaxis(g2d);

    points(g2d);

  }
  public static void main(String args[]) {

    PlotGraph application = new PlotGraph();

    application.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);

   }

}

Figure 4.  Code listing for PlotGraph.java
The code listing in figure 4 is similar to that described in figure 3 except with the addition of more methods.  As is advised for good programming practice, the various stages of plotting the graph are delegated to different methods.  We have methods for drawing the X and Y axis as well as plotting the points, lines and crosses.  We firstly note the use of the java.awt.geom package that contains more graphics classes.  Again, the main method creates the new object and the constructor is used to create and set the object properties.  Once this has been achieved, the paint() method is used to draw the graph to the window.  

Figure 4 is an example of how to create a graph from arbitrarily-defined data.  The points that are plotted are embeded into the program and as a result, the only way in which we can modify the data is to rewrite the program and recompile it.  The following example illustrates how we can change our program to read its data from a file, and plot it to the screen.  Four classes are employed in this program – and of course, our data file.  Compile the programs given in figures 5-8, ensuring that you understand how the classes rely upon each other.

import java.awt.*;

import javax.swing.*;

public class DrawPanel extends JPanel {

  private int width = 300;

  private int height = 300;

  protected DrawPanel() {

    setPreferredSize(new Dimension (width, height));

  }

  protected DrawPanel(final int w, final int h) {

    width = w;

    height = h;

    setPreferredSize(new Dimension (width, height));

  }

  public int getWidth() {

    return width;

  }

  public int getHeight() {

    return height;

  }

}

Figure 5.  DrawPanel is an extension of the JPanel class
import java.awt.*;

import java.awt.event.*;

import javax.swing.*;

public class DrawFrame extends JFrame {

  public void add(final JPanel panel) {

    getContentPane().add(panel, BorderLayout.CENTER);

  }

  private void quit() {

    System.exit(0);

  }

  public DrawFrame(final String title) {

    super(title);

    Button quitButton = new Button("Quit");

    quitButton.addActionListener(new ActionListener () {

        public void actionPerformed(final ActionEvent e) {

          quit();

        }

      });

    JPanel buttonPanel = new JPanel(new FlowLayout());

    buttonPanel.add(quitButton);

    getContentPane().setLayout(new BorderLayout());

    getContentPane().add(buttonPanel, BorderLayout.SOUTH);

    addWindowListener(new WindowAdapter () {

        public void windowClosing(final WindowEvent evt) {

          quit();

        }

      });

  }

  public void centreOnScreen() {

    Dimension displaySize = getToolkit().getScreenSize();

    Dimension windowSize = getSize();

    int x = (displaySize.width - windowSize.width) / 2;

    int y = (displaySize.height - windowSize.height) / 2;

    if (x < 0) {

      x = 0;

    }

    if (y < 0) {

      y = 0;

    }

    setLocation(x,y);

  }

}

Figure 6.  DrawFrame is an extension of the JFrame class
import java.awt.* ;

import java.awt.geom.* ;

public class GraphFile extends DrawPanel {

  public static void main(final String[] args) {

    DrawFrame frame = new DrawFrame("Graph2");

    GraphFile drawing = new GraphFile(500, 400);

    frame.add(drawing);

    frame.pack();

    frame.centreOnScreen();

    frame.setVisible(true);

  }

  public GraphFile() {}

  public GraphFile(final int w, final int h) {

    super(w, h);

  }

  void drawXaxis(final Graphics2D g2d) {

    Line2D line = new Line2D.Double(50, 350, 450, 350);

    g2d.draw(line);

    for (int i = 0; i < 11; ++i) {

      if (i != 0) {

        line.setLine((i*40)+50, 350, (i*40)+50, 355);

        g2d.draw(line);

      }

      g2d.drawString(new Integer (i*10).toString(), (i*40)+42, 370);

    }

  }

  void drawYaxis(final Graphics2D g2d) {

    Line2D line = new Line2D.Double(50, 350, 50, 70);

    g2d.draw(line);

    for (int i = 0; i < 8; ++i) {

      if (i != 0) {

        line.setLine(50,350-(i*40),45,350-(i*40));

        g2d.draw(line);

      }

      g2d.drawString(new Integer (i*10).toString(), 24, 355-(i*40));

    }

  }

  void plotCross(final Graphics2D g2d, final int x, final int y) {

    Line2D line = new Line2D.Double(x-5, y-5, x+5, y+5);

    g2d.draw(line);

    line.setLine(x+5, y-5, x-5, y+5);

    g2d.draw(line);

  }

  public void plotPoints(final Graphics2D g2d, final String fileName) {

    FileInput in = new FileInput (fileName);

    int oldx = 50;

    int oldy = 350;

    while (true) {

      int x = (4 * in.readInteger()) + 50;

      if (in.eof())

        return;

      int y = 350 - (4 * in.readInteger());

      if (in.eof())

        return ;

      plotCross(g2d,x,y);

      Line2D line = new Line2D.Double (oldx, oldy, x, y);

      g2d.draw(line);

      oldx = x;

      oldy = y;

    }

  }

  public void paint(final Graphics g) {

    Graphics2D g2d = (Graphics2D)g;

    drawXaxis(g2d);

    drawYaxis(g2d);

    plotPoints(g2d, "points.dat");

  }

}

Figure 7.  GraphFile is the main class of the program
import java.io.* ;

public class FileInput {

  private String filename = "";

  private BufferedReader reader = null; 

  private boolean eof = false;

  public FileInput(final String fname) {

    filename = fname;

    try {

      reader = new BufferedReader(new FileReader(filename));

    }

    catch (FileNotFoundException e) {

      error("Can't open file: " + filename);

    }

  }

  public FileInput(final File file) {

    filename = file.getName();

    try {

      reader = new BufferedReader(new FileReader(file));

    }

    catch (FileNotFoundException e) {

      error("Can't open file: " + filename);

    }

  }

  public final synchronized void close() {

    try {

      reader.close();

    } 

    catch (IOException e) {

      error("Can't close file: " + filename);

    }

  }

  public boolean eof() {

    return eof;

  }

  public final synchronized int readInteger() {

    String input = "";

    int value = 0;

    try {

      input = reader.readLine();

    }

    catch (IOException e)  {

      error("readInteger failed for file: " + filename);

    }

    if (input == null) {

      eof = true;

    } else {

      try {

        value = Integer.parseInt(input);

      }

      catch (NumberFormatException e) {}

    }

    return value;

  }

  public final synchronized long readLong() {

    String input = "";

    long value = 0L;

    try {

      input = reader.readLine();

    }

    catch (IOException e)  {

      error("readLong failed for file: " + filename);

    }

    if (input == null) {

      eof = true;

    } else {

      try {

        value = Long.parseLong(input);

      }

      catch (NumberFormatException e) {}

    }

    return value;

  }

  public final synchronized double readDouble() {

    String input = "";

    double value = 0.0D;

    try {

      input = reader.readLine();

    }

    catch (IOException e) {

      error("readDouble failed for file: " + filename);

    }

    if (input == null) {

      eof = true;

    } else {

      try {

        value = Double.parseDouble(input);

      }

      catch (NumberFormatException e) {}

    }

    return value;

  }

  public final synchronized float readFloat() {

    String input = "";

    float value = 0.0F;

    try {

      input = reader.readLine();

    }

    catch (IOException e)  {

      error("readFloat failed for file: " + filename);

    }

    if (input == null) {

      eof = true;

    } else {

      try {

        value = Float.parseFloat(input);

      }

      catch (NumberFormatException e) {}

    }

    return value;

  }

  public final synchronized char readCharacter() {

    char c = ' ';

    try {

      int n = reader.read();

      if (n == -1) {

        eof = true;

      } else {

        c = (char)n;

      }

    }

    catch (IOException e)  {

      error("readCharacter failed for file: " + filename);

    }

    return c;

  }

  public final synchronized String readString() {

    String s = "";

    try {

      s = reader.readLine();

    }

    catch (IOException e)  {

      error("readString failed for file: " + filename);

    }

    if (s == null) {

      eof = true;

      s = "";

    }

    return s;

  }

  private void error(String msg) {

    System.err.println(msg);

    System.err.println("Unable to continue executing program.");

    System.exit(0);

  }

}

Figure 8.  FileInput reads data from the file and presents it to the GraphFile class
In order for the program to function, create a file called “points.dat” and enter in 20 random integer numbers (between 1 and 100).  Each number must be on a new line. Execute the program.

We have seen in the previous examples the ways in which we can create regular graphics on our JFrame canvas.  The AWT painting methods extend beyond this to incorporate more complex drawing capabilities.  The example given in figure 9 is the code listing to draw a pie chart.  Again, the program uses the AWT paint method to draw the elements to the canvas, in this case, using the fillArc() method of the graphics object.  From your experience of mathematical packages in previous laboratory sessions, you are expected to understand the processes by which this program computes the arcs to draw.  Compile the program listing from figure 9 overleaf and ensure that you understand how the program draws the pie chart to the screen.  Some comments have been included to assist you.
import java.awt.*;

import javax.swing.*;

public class DrawPieChart extends JFrame {

  public static void main(String[] args) {

    JFrame frame = new DrawPieChart();

    frame.setSize(390, 315);

    frame.setTitle("DrawPieChart");

    frame.setVisible(true);

    frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);

  }

  public DrawPieChart() {

    getContentPane().add(new PieChart());

  }

}

class PieChart extends JPanel {

  public void paintComponent(Graphics g) {

    super.paintComponent(g);

    int w = getWidth();

    int h = getHeight();

    int xCenter = w/2;

    int yCenter = h/2;

    int radius = (int)(Math.min(w, h)*0.8/2);

    int x = xCenter - radius;

    int y = yCenter - radius;

    // Draw the arc for the Red segment

    g.setColor(Color.red);

    g.fillArc(x, y, 2*radius, 2*radius, 0, (int)(20*360/100));

    g.setColor(Color.black);

    g.drawString("Red segment",

      (int)(xCenter + radius*Math.cos(2*Math.PI*0.1)),

      (int)(yCenter - radius*Math.sin(2*Math.PI*0.1)));

    // Draw the arc for the Green segment

    g.setColor(Color.green);

    g.fillArc(x, y, 2*radius, 2*radius, (int)(20*360/100),

      (int)(10*360/100));

    g.setColor(Color.black);

    g.drawString("Green segment",

      (int)(xCenter + radius*Math.cos(2*Math.PI*0.25)),

      (int)(yCenter - radius*Math.sin(2*Math.PI*0.25)));

    // Draw the arc for the Blue segment

    g.setColor(Color.blue);

    g.fillArc(x, y, 2*radius, 2*radius, (int)(30*360/100),

      (int)(30*360/100));

    g.setColor(Color.black);

    g.drawString("Blue segment",

      (int)(xCenter + radius*Math.cos(2*Math.PI*0.45)),

      (int)(yCenter - radius*Math.sin(2*Math.PI*0.45)));

    // Draw the arc for the Orange segment

    g.setColor(Color.orange);

    g.fillArc(x, y, 2*radius, 2*radius, (int)(60*360/100),

      (int)(40*360/100));

    g.setColor(Color.black);

    g.drawString("Orange segment",

      (int)(xCenter + radius*Math.cos(2*Math.PI*0.8)),

      (int)(yCenter - radius*Math.sin(2*Math.PI*0.8)));

  }

}

Figure 9.  Program listing for drawing a pie chart
4. Windows and menus with Swing
The previous two examples illustrated of writing graphical output to our JFrame windows.  The Swing components comprise of many different objects and classes that we can use to create our GUIs.  But before we can use them, we must carefully describe the frames and windows that we are to use.  The program listings in figures 10 and 11 detail the process of creating a parent window and multiple child windows.  This parallels existing applications such as Microsoft Word in which we have a desktop window and multiple document windows.  Compile the code examples ensuring that you understand how the desktop window instantiates new internal frame windows.  Firstly, insert additional comments into both programs and then compile the program in figure 11.  This will automatically compile the program from figure 10 as well.  This forms part of quiz question 6.
import javax.swing.JInternalFrame;

import java.awt.event.*;

import java.awt.*;

public class InternalFrame extends JInternalFrame {

  static int openFrameCount = 0;

  static final int xOffset = 30, yOffset = 30;

  public InternalFrame() {

    super("Document #" + (++openFrameCount), 

           true, //resizable

           true, //closable

           true, //maximizable

           true);//iconifiable

    setSize(300,300);

    setLocation(xOffset*openFrameCount, yOffset*openFrameCount);

  }

}

Figure 10.  Program listing for the child windows
import javax.swing.*;

import java.awt.event.*;

import java.awt.*;

public class InternalFrameEx extends JFrame {

  JDesktopPane desktop;

  public InternalFrameEx() {

    super("Internal Frame Example");

    int inset = 50;

    Dimension screenSize=Toolkit.getDefaultToolkit().getScreenSize();

    setBounds(inset,inset,screenSize.width - inset*2, 

              screenSize.height-inset*2);

    addWindowListener(new WindowAdapter() {

      public void windowClosing(WindowEvent e) {

        System.exit(0);

      }

    });

    desktop = new JDesktopPane();
    createFrame();
    setContentPane(desktop);

    setJMenuBar(createMenuBar());

    desktop.putClientProperty("JDesktopPane.dragMode","outline");

  }

  protected JMenuBar createMenuBar() {

    JMenuBar menuBar = new JMenuBar();

    JMenu menu = new JMenu("Document");

    menu.setMnemonic(KeyEvent.VK_D);

    JMenuItem menuItem = new JMenuItem("New");

    menuItem.setMnemonic(KeyEvent.VK_N);

    menuItem.addActionListener(new ActionListener() {

      public void actionPerformed(ActionEvent e) {

        createFrame();

      }

    });

    menu.add(menuItem);

    menuBar.add(menu);

    return menuBar;

  }

  protected void createFrame() {

    InternalFrame frame = new InternalFrame();

    frame.setVisible(true);
    desktop.add(frame);

    try {

      frame.setSelected(true);

    } catch (java.beans.PropertyVetoException e) {}

  }

  public static void main(String[] args) {

    InternalFrameEx frame = new InternalFrameEx();

    frame.setVisible(true);

  }

}

Figure 11.  Program listing for the desktop ‘parent’ window
We note from figure 10 that the class extends JInternalFrame and sets various properties of the new child window.  This is used in the program listing of figure 11 to create multiple windows.  We can create new windows by selecting New from the Document pull-down menu of the main window.  
From the program output we observe the use of pull-down menus as part of the GUI.  The Swing components incorporate menu items in a series of object classes, notably JMenu, JMenuBar and JMenuItem.  The object hierarchy is as follows: a JMenu object will contain JMenuItem objects and a JMenuBar will contain JMenu objects.
The program listing given in figure 12 describes the creation of a menu bar with two menu objects.  An action listener is added to one item in the menu and allows the program to perform processing operations when a specific menu item is selected.  Compile the program code and pay particular attention to the interaction of the JMenuItem, JMenu and JMenuBar objects.
import java.awt.*;

import java.awt.event.*;

import javax.swing.*;

public class menuExample extends JFrame {

  public static void main(String args[]) {

    JFrame frame = new JFrame("Test window");

      frame.setSize(400,50);

    JMenu fileMenu = new JMenu("File");

      JMenuItem open = new JMenuItem("Open");

      JMenuItem close = new JMenuItem("Close");

      JMenuItem exit = new JMenuItem("Exit");

      exit.addActionListener(new ActionListener() {

        public void actionPerformed(ActionEvent e) {

          System.exit(0);

        }

      });

      fileMenu.add(open); fileMenu.add(close); fileMenu.add(exit);

    JMenu viewMenu = new JMenu("View");

      JMenuItem refresh = new JMenuItem("Refresh");

      JMenuItem fullScreen = new JMenuItem("Full screen");

      viewMenu.add(refresh); viewMenu.add(fullScreen);

    JMenuBar menuBar = new JMenuBar();

      menuBar.add(fileMenu);

      menuBar.add(viewMenu);

    frame.getContentPane().add(menuBar);

    frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);

    frame.setVisible(true);

  }

}

Figure 12.  Creating a menu on a JFrame window

We can readily observe from figure 12 the ease with which we can create menu objects.  This notion of object creation and ‘snapping’ objects together extends to encompass most of the Swing components such as buttons, frames, panels and text boxes.  We have also seen how we can import AWT methods and objects and use them within our Swing applications.  Similarly we can create Swing extensions to AWT applets and use these when we create web page objects.
5. Creating applets

Java applets are different from Swing applications in the sense that they are housed in virtual machines (VMs) governed by web browsers.  The most common usage of applets is in web pages because they provide the web designer with immense functionality that HTML and JavaScript cannot.  Due to this extensive functionality, applets are considered to be a security risk for the internet user and as such, the web browser VM runs the applets in sandbox mode.  Sandbox mode restricts an applet from writing data to a host computer’s hard disk drive and ensures that all memory used by the applet is cleared after the applet is destroyed (i.e. when the host web browser is closed).  This prevents malicious applets from causing damage to a host computer.  To draw a comparison between applets and Swing applications, figure 9 details the program listing for creating a histogram.  The applet class cannot be directly instantiated by the VM so we need to create a web page for the applet to run in.  Compile the code given in figure 13 ensuring that you understand the flow of execution.
import java.applet.Applet;

import java.awt.*;

public class PlotHistogram extends Applet {

  private final int NUM_BARS = 10;

  private final int BAR_WIDTH = 30;

  private final int MAX_HEIGHT = 300;

  private final int GAP = 9;

  public void paint (Graphics page) {

    int x, height;

    int tallX = 0, tallest = 0, shortX = 0, shortest = MAX_HEIGHT;

    setBackground (Color.black);

    page.setColor (Color.blue);

    x = GAP;

    for (int count = 0; count < NUM_BARS; count++) {

      height = (int) (Math.random() * MAX_HEIGHT);

      page.fillRect (x, MAX_HEIGHT-height, BAR_WIDTH, height);

      // Keep track of the tallest and shortest bars

      if (height > tallest) {

        tallX = x;

        tallest = height;

      }

      if (height < shortest) {

        shortX = x;

        shortest = height;

      }

      x = x + BAR_WIDTH + GAP;

    }

    // Redraw the tallest bar in red

    page.setColor (Color.red);

    page.fillRect (tallX, MAX_HEIGHT-tallest, BAR_WIDTH, tallest);

    // Redraw the shortest bar in yellow 

    page.setColor (Color.yellow);

    page.fillRect (shortX, MAX_HEIGHT-shortest, BAR_WIDTH, shortest);

  }

}

Figure 13.  The PlotHistogram source code
In order for the applet to execute, we must firstly create a web page to house the applet.  Create a new file and save the following HTML (HyperText Mark-up Language) code as page.htm:
<html>
<title>Plot Histogram</title>
<body>

  <applet code="PlotHistogram.class" width=500 height=500></applet>

</body>

</html>

Using Netscape Navigator, open the page.htm file and the applet will automatically execute.  As can be seen from the program output, a histogram is plotted with randomly generated data.  The tallest bar on the graph is painted red whilst the shortest bar is painted yellow.  The applet example does not permit any user interaction, which is fundamentally part of applets’ appeal.  Figure 14 gives the program listing for a web site chooser.  The applet takes user input and displays the appropriate web page.  This example also illustrates the relative easy with which an applet can control the web browser’s behaviour.
import java.net.*;

import java.util.*;

import java.awt.*;

import java.applet.AppletContext;

import javax.swing.*;

import javax.swing.event.*;

public class SiteSelector extends JApplet {

  private Hashtable sites;    // site names and URLs

  private Vector siteNames;   // site names

  private JList siteChooser;  // list of sites to choose from

  public void init() {

    sites = new Hashtable();

    siteNames = new Vector();

    getSitesFromHTMLParameters();

    Container container = getContentPane();

    container.add(new JLabel("Choose a site to browse"),BorderLayout.NORTH);

    siteChooser = new JList( siteNames );

    siteChooser.addListSelectionListener(

      new ListSelectionListener() {

        // Change in user selection

        public void valueChanged(ListSelectionEvent event) {

          // get selected site name

          Object object = siteChooser.getSelectedValue();

          // use site name to locate corresponding URL

          URL newDocument = (URL)sites.get(object);

          // get reference to applet container

          AppletContext browser = getAppletContext();

          // tell applet container to change pages

          browser.showDocument(newDocument);

        }

      }  // end anonymous inner class

    ); // end call to addListSelectionListener

    container.add(new JScrollPane(siteChooser),BorderLayout.CENTER);

  }  // end method init

  // obtain parameters from HTML document

  private void getSitesFromHTMLParameters() {

    // look for applet parameters in the HTML document

    // and add sites to Hashtable

    String title, location;

    URL url;

    int counter = 0;

    // obtain first site title

    title = getParameter("title" + counter);

    // loop until no more parameters in HTML document

    while (title != null) {

      // obtain site location

      location = getParameter("location" + counter);

      // place title/URL in Hashtable and title in Vector

      try {

        // convert location to URL

        url = new URL(location);

        // put title/URL in Hashtable

        sites.put(title, url);

        // put title in Vector

        siteNames.add(title);

      }

      // process invalid URL format

      catch (MalformedURLException urlException) {

        urlException.printStackTrace();

      }

      ++counter;  

      // obtain next site title

      title = getParameter("title" + counter);

    }  // end while

  }  // end method getSitesFromHTMLParameters

}  // end class SiteSelector

Figure 14.  The SiteSelector program source code
Again, in order for the applet to run, we need to create a web page.  In this instance, we pass the web sites that the applet is to list as arguments within the HTML code.  Enter the following HTML code into a new file called SiteSelector.htm:

<html>

<title>Site Selector</title>

<body>

  <applet code="SiteSelector.class" width=300 height=75>

    <param name="title0" value="Java Home Page">

    <param name="location0" value="http://java.sun.com/">

    <param name="title1" value="MicroJava">

    <param name="location1" value="http://www.microjava.com/">

    <param name="title2" value="JGuru">

    <param name="location2" value="http://www.jGuru.com/">

    <param name="title3" value="JavaWorld">

    <param name="location3" value="http://www.javaworld.com/">

  </applet>

</body>

</html>

This example needs the more advanced features of Swing so it needs to be converted  (see page 22 “Using the Java HTML converter”).  Now open the converted file with Netscape Navigator, for example.
As can be seen from the program listing given in figure 14, event listeners are added to the menu object such that the program can respond to user input without being explicitly told to execute.  Such an example is when the user selects the new website from the list and the applet processes the request immediately.  
6. Applet multimedia extensions
An important component to applets is the ability to offer multimedia capabilities.  The AWT and Swing libraries contain classes for dealing with graphics, audio and video.  Below is an example that loads a GIF image into memory and then paints it to the applet canvas.  Here, we have to physically download the image from the website URL.  Figure 15 details the program listing.

import java.applet.Applet;

import java.awt.*;

import javax.swing.*;

import java.net.*;

public class LoadImageAndScale extends JApplet {

  private Image logo1;

  private ImageIcon logo2;

  private URL URLbase;

  public void init() {

    try {

      URLbase = new URL("http://www.isel.warwick.ac.uk");

    } catch(MalformedURLException e) {}

    logo1 = getImage(URLbase,"duke.gif");

    logo2 = new ImageIcon("duke.gif");

  }

  public void paint(Graphics g) {

    g.drawImage(logo1,0,0,this);

    g.drawImage(logo1,0,120,getWidth(),getHeight()-120,this);

    logo2.paintIcon(this,g,180,0);

  }

}

Figure 15.  Downloading and displaying an image

In order to execute the applet, enter the following HTML code into a new file called LoadImageAndScale.htm:
<html>

<title>Downloading and displaying an image</title>

<body>

  <applet code="LoadImageAndScale.class" height=300 width=300></applet>

</body>

</html>

From the output of LoadImageAndScale.java, observe how the image can be scaled by the use of the drawImage() method arguments.  
Figure 15 detailed how to incorporate an image into the applet.  The following example extends this to incorporate adding audio capabilities to applets.  Compile the code example given in figure 16, paying particular attention to how each command is executed via the use of action listeners.
import java.applet.*;

import java.awt.*;

import java.awt.event.*;

import javax.swing.*;

import java.net.*;

public class LoadAudioAndPlay extends JApplet {

  private AudioClip sound1, sound2, currentSound;

  private JButton playSound, loopSound, stopSound;

  private JComboBox chooseSound;

  private URL baseURL;

  public void init() {

    Container container = getContentPane();

    container.setLayout(new FlowLayout());

    String choices[] = {"Welcome", "Hi"};

    chooseSound = new JComboBox(choices);

    chooseSound.addItemListener(new ItemListener() {

      public void itemStateChanged(ItemEvent e) {
        currentSound.stop();
        currentSound=chooseSound.getSelectedIndex()==0?sound1:sound2;
      }
    });

    container.add(chooseSound);

    ButtonHandler handler = new ButtonHandler();

    playSound = new JButton("Play");

    playSound.addActionListener(handler);

    container.add(playSound);

    loopSound = new JButton("Loop");

    loopSound.addActionListener(handler);

    container.add(loopSound);

    stopSound = new JButton("Stop");

    stopSound.addActionListener(handler);

    container.add(stopSound);

    try {

      baseURL = new URL("http://www.isel.warwick.ac.uk");

    }

    catch(MalformedURLException e) {}

    sound1 = getAudioClip(baseURL, "welcome.wav");

    sound2 = getAudioClip(baseURL, "hi.au");

    currentSound = sound1;

  }

  public void stop() {

    currentSound.stop();

  }

  private class ButtonHandler implements ActionListener {

    public void actionPerformed(ActionEvent actionEvent) {

      if(actionEvent.getSource() == playSound)

        currentSound.play();

      else if(actionEvent.getSource() == loopSound)

        currentSound.loop();

      else if(actionEvent.getSource() == stopSound)

        currentSound.stop();

    }

  }

}

Figure 16.  Playing an audio file in an applet
Create a HTML file for this applet to run called LoadAudioAndPlay.htm and give the applet a width and height of 300 and 75 pixels respectively.  As can be observed from the program listing of figure 16 in conjunction with the graphical output, a series of buttons are available to control the audio playback.  These JButton objects throw an event listener that is capable of determining which object (i.e. JButton) instigated the event and therefore execute the necessary code to play, loop or stop the audio file.

7. In conclusion

To summarise, AWT and Swing are two powerful components of the Java Foundation Classes that enable us to create GUI based applications with relative ease.  From the examples given in this handout, it can be appreciated how graphical representations such as buttons, menu items and images can be created as objects and treated as such.  We also saw how we can add listeners to monitor the state of objects and perform processing instructions should the listeners identify a change in state.  
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Using the Java HTML Converter

In order for us to create applets for distribution over the Internet, we firstly need to create HTML files (web pages) to contain our applets.  If the applets use the latest Java Swing extensions, additional information has to be inserted into our HTML files in order to tell the computer how to process the applet.  
This process can be automated with the HTML converter, distributed by Sun Microsystems.  In order to create the converted HTML files, proceed as follows in one of the two stages outlined below (in both cases you will need to create your HTML “filename.html, making a reference to the Java applet (see your laboratory handout)):

· Command line version. Simply type “java HTMLConvert <filename.html>”. “filename.html” is updated to contain the relevant additional information.

· Graphical User interface version. Double-click on the HTML converter icon to launch the software.  You will be presented with the following screen:
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1. Click “One File” and enter the path and name of the HTML file, for example:

H:\JAVA\filename.html
2.   Click the “convert” button. “filename.html” is updated to contain the relevant additional information.
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Quiz sheet

Answer the following questions in your own words and do not

directly copy from the handout
Q1.  Insert the fully commented code listing of LinesRectsOvals.java.  What is the purpose of the paint() method?
[7 marks]

Q2.  Carefully describe the flow of execution of the program, detailing when, where and why the class’ methods are called.

[5 marks]

Q3.  From PlotGraph.java, list the methods that are invoked in order and explain what these methods do.  Why do we recast Graphics object ‘g’ as type Graphics2D?

[8 marks]

Q4.  Describe the flow of execution for the class file given in DrawPieChart.java.  Why do we define two separate classes?
[10 marks]

Q5.  The method definition for fillArc() is fillArc(int x, int y, int width, int height, int startAngle, int arcAngle).  Using this information, rewrite the PieChart class in DrawPieChart.java to draw the four arcs representing 50%, 7%, 30% and 13% respectively.
[5 marks]

Q6.  Briefly describe the functions of the methods and constructors of the InternalFrameEx class.  From where in the InternalFrameEx class do we instantiate new InternalFrame objects?
[10 marks]

Q7.  Fully comment the program code listing given in menuExample.java and describe the hierarchy between JMenuBar, JMenuItem and JMenu objects.
[7 marks]

Q8.  From PlotHistogram.java, give the lines of code required to change the number of histogram bars; the colour of the tallest bar; and the loop that identifies the shortest bar.   Submit the alternative lines of code required to increase the number of bars to 20 and to change the shortest bar colour to magenta.

[5 marks]

Q9.  In SiteSelector.java, what method does the code use to acquire the parameters from the HTML code?  What is the termination condition under which the program will stop reading in web addresses via the HTML file?  Modify the BorderLayout properties using CENTER, NORTH and SOUTH keywords.  What does the BorderLayout property control?
[7 marks]

Q10.  From LoadImageAndScale.java, what two arguments does the getImage() method require in order to function in this case?  What object type does it return?  Why do we use the try and catch commands when constructing our new URL object?

[5 marks]

Q11.  In LoadAndPlay.java, what information does the getSource() method in the event listener return and how is it used to control execution in the program?  Explain how the current sound is selected using the line currentSound=chooseSound.getSelectedIndex()==0?sound1:sound2 .

[6 marks]
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