Object Oriented Programming

Tutorial Further Patterns
Exercise 1 (Cacheing unscaled images)

How would you modify the code above so that "raw" images are also kept in the cache?

Answer:

Just add the following:

protected ImageIcon fullscale;

protected Thumbnail(String name, ImageIcon fullscale, int maxw, int maxh, boolean fast)

{


//...


this.fullscale = fullscale;


//...

}

Exercise 2 (Type-safe Abstract Factories)

I have steered clear of using generics in this exposition because it keeps things a little simpler. The

intrepid reader may wish to investigate how the use of generic parameters might lend type safety to the

interface framework we have been discussing. I haven't yet found the time to work out all the details

myself, and I'm not sure that an elegant(*) solution would be very straightforward.

(*) Avoiding the proliferations of mountains of "implementation-type" parameters.

Answer:

TODO

Exercise 3 (A Swing Factory)

Build, and test, a GUIFactory implementation based on the Swing components. Look at the BoxLayout

class and see if you can give a better implementation of the row and column containers.

Answer:

package factory;

import javax.swing.BoxLayout;

public class SwingFactory implements GUIFactory

{  public Component newButton(String label, Actor actor) { return new Button(label, actor); }

   static class Button extends javax.swing.JButton implements Component

   { public Button(final String label, final Actor actor)

     { super(label);

       addActionListener

       ( new java.awt.event.ActionListener()

         { public void actionPerformed(java.awt.event.ActionEvent act)

           { actor.act(label); }

         }

       );

     }

   }

   public Component newLabel(String label, HAlign align) { return new Label(label, align); }

   static class Label extends javax.swing.JLabel implements Component

   { public Label(String label, HAlign align) 

     { super(label); 

       switch (align)

       { case Left:   setHorizontalAlignment(javax.swing.JLabel.LEFT);   break;

         case Centre: setHorizontalAlignment(javax.swing.JLabel.CENTER); break;

         case Right:  setHorizontalAlignment(javax.swing.JLabel.RIGHT);  break;

       }

     } 

   }

   public Container newRow()              { return new Panel(javax.swing.BoxLayout.X_AXIS); }

   public Container newCol()              { return new Panel(javax.swing.BoxLayout.Y_AXIS); }

   public Container newGrid(int c, int r) { return new Panel(new java.awt.GridLayout(r, c)); }

   public Container newBorder()           { return new Panel(new java.awt.BorderLayout()); }

   static class Panel extends javax.swing.JPanel implements Container

   { public Panel(java.awt.LayoutManager layout)

     { super();

       setLayout(layout);

     } 

     public Panel(int axis)

     { super();

       setLayout(new BoxLayout(this, axis));

     } 

     public void add(Component component) { add((javax.swing.JComponent) component); }

     public void add(Component component, Object constraint) 

     { add((javax.swing.JComponent) component, constraint); }

   }

   public Frame  newFrame(String title) { return new FrameImp(title); } 

   static class FrameImp extends javax.swing.JFrame implements Frame

   { public FrameImp(String title) { super(title); }

     public void add(Component component)

     { add((javax.swing.JComponent) component);            

     }

     public void add(Component component, Object constraint)

     { add((javax.swing.JComponent) component, constraint);            

     }

   }

}

Note that there's a version of this given in the practical code, which makes the question somewhat easier.

Test Code:

import factory.*;

public class SwingFactoryTest

{


public static void main(String[] args)


{



Actor pressed = new Actor()



{




public void act(String action)




{





System.out.println(action);




}



};



SwingFactory factory = new SwingFactory();



Frame frame = factory.newFrame("SwingFactory Test");



Container border = factory.newBorder();



Container grid = factory.newGrid(2,2);



grid.add(factory.newButton("A", pressed));



grid.add(factory.newButton("B", pressed));



grid.add(factory.newButton("C", pressed));



grid.add(factory.newButton("D", pressed));



border.add(grid, "Center");



Container top = factory.newRow();



top.add(factory.newButton("X", pressed));



top.add(factory.newButton("Y", pressed));



top.add(factory.newButton("Z", pressed));



border.add(top, "North");



Container left = factory.newCol();



left.add(factory.newButton("1", pressed));



left.add(factory.newButton("2", pressed));



left.add(factory.newButton("3", pressed));



border.add(left, "West");



frame.add(border);



frame.pack();



frame.setVisible(true);


}

}

Better implementation of row and column containers:

TODO: Perhaps use javax.swing.Box?

Exercise 4 (Factory Transformer 1)

Complete the definition of the factory transformer Localize and test it. What do you think the transformer

should do if the translation mapping is non-injective? [Hint: Does it matter if a single command is

invoked by 2 or more buttons with distinct labels? Does it matter if two buttons with the same label

invoke different commands? Which of these would be caused by a noninjective translation?]

Answer:

public class Localize implements GUIFactory

{ 


// <snip>


public Component newLabel(final String label, final HAlign align)


{



return original.newLabel(translate(label), align);


}


public Container newRow()


{ return original.newRow(); }


public Container newCol()


{ return original.newCol(); }


public Container newGrid(int cols, int rows)
{ return original.newGrid(cols, rows); }


public Container newBorder()


{ return original.newBorder(); }


public Frame newFrame(final String title)
{ return original.newFrame(translate(title)); }

}

Test Code:

import factory.*;

import java.util.*;

public class LocalizeTest

{


public static void main(String[] args)


{



Actor pressed = new Actor()



{




public void act(String action)




{





System.out.println(action);




}



};



Map<String,String> translate = new HashMap<String,String>();



translate.put("A", "Blah");



translate.put("X", "Wah");



translate.put("2", "Mwah");



translate.put("SwingFactory Test", "Localize Test");



GUIFactory factory = new Localize(new SwingFactory(), translate);



Frame frame = factory.newFrame("SwingFactory Test");



Container border = factory.newBorder();



Container grid = factory.newGrid(2,2);



grid.add(factory.newButton("A", pressed));



grid.add(factory.newButton("B", pressed));



grid.add(factory.newButton("C", pressed));



grid.add(factory.newButton("D", pressed));



border.add(grid, "Center");



Container top = factory.newRow();



top.add(factory.newButton("X", pressed));



top.add(factory.newButton("Y", pressed));



top.add(factory.newButton("Z", pressed));



border.add(top, "North");



Container left = factory.newCol();



left.add(factory.newButton("1", pressed));



left.add(factory.newButton("2", pressed));



left.add(factory.newButton("3", pressed));



border.add(left, "West");



frame.add(border);



frame.pack();



frame.setVisible(true);


}

}

If the translation mapping is non-injective:

In other words, if translate(a) = translate(b) doesn't imply that a = b, or to put it another way,

two or more words get translated to the same thing. This could result in two buttons with the same

label invoking different commands.

Does this matter? Yes, from an interface perspective at least. It's highly confusing for the end-user

to be presented with two identically labelled buttons which do different things.

As to what the transformer should do, a couple of alternatives are:

* Outputting a warning message in the constructor if two or more words get mapped to the same thing

* Adding an index on the end if it happens, so that it's easy to see that something's gone wrong when

  the interface is displayed

Actually, a good way of doing localization might be to have icons on the buttons as well as text, so

that the end-user will always be able to distinguish between them. That then begs the question of whether,

if the icons are appropriate, the text is necessary any longer, but that's a design decision.

Exercise 5 (Iconic Buttons)

You want to make it possible to put icons instead of text on buttons, when a toolkit supports it, but you

want to label the buttons with text in the normal way when a toolkit doesn't support it.

What's more, you wish the association of icons with button names to be made in one place rather

than being scattered through the code that constructs the user interface, and you want to enforce this

discipline using Java's type system.

Outline what you would do.

[Hint: you will need to invent a new interface which is a lot like GUIFactory but not a subtype of it.]

Answer:

I invented a new interface GUIFactoryEx which, as it happens, actually was a subtype of GUIFactory

because I wanted existing code to continue to work without requiring too many changes. I also invented

a new interface Icon.

public interface GUIFactoryEx extends GUIFactory

{


Component newButton(Icon icon, String label, Actor actor);


Icon newIcon(String filename);

}

public interface Icon {}

I then defined new classes AWTFactoryEx and SwingFactoryEx as follows:

public class AWTFactoryEx extends AWTFactory implements GUIFactoryEx

{


public Component newButton(Icon icon, String label, Actor actor) { return new Button(label, actor); }


public Icon newIcon(String filename)


{



return null;


}

}

public class SwingFactoryEx extends SwingFactory implements GUIFactoryEx

{


public Component newButton(Icon icon, String label, Actor actor)


{



return icon == null ? new Button(label, actor) : new Button(icon, label, actor);


}


static class Button extends javax.swing.JButton implements Component


{



public Button(final String label, final Actor actor)



{




super(label);




addActionListener(new java.awt.event.ActionListener()




{





public void actionPerformed(java.awt.event.ActionEvent act)





{






actor.act(label);





}




});



}



public Button(final Icon icon, final String label, final Actor actor)



{




super((javax.swing.Icon)icon);




addActionListener(new java.awt.event.ActionListener()




{





public void actionPerformed(java.awt.event.ActionEvent act)





{






actor.act(label);





}




});



}


}


public Icon newIcon(String filename)


{



return new SwingIcon(filename);


}


static class SwingIcon extends javax.swing.ImageIcon implements Icon


{



public SwingIcon(String filename)



{




super(filename);



}


}

}

Finally, I tested what I'd done as follows:

import factory.*;

public class SwingFactoryExTest

{


public static void main(String[] args)


{



Actor pressed = new Actor()



{




public void act(String action)




{





System.out.println(action);




}



};



GUIFactoryEx factory = new SwingFactoryEx();



// <--- CHANGED



Frame frame = factory.newFrame("SwingFactoryEx Test");



Container border = factory.newBorder();



Container grid = factory.newGrid(2,2);



grid.add(factory.newButton(factory.newIcon("A.jpg"), "A", pressed));
// <--- CHANGED



// <snip>



border.add(grid, "Center");



// <snip>



frame.add(border);



frame.pack();



frame.setVisible(true);


}

}

Exercise 6 (A prettyprinter for trees)

Show how to revise the definition of AppTree and its implementing classes to incorporate a method

void printTo(PrintStream out, int indent)

that outputs the tree with elements indented from the left margin for a distance proportional to their

level in the tree, and "words" treated sensibly. In Figure 10 we show the kind of output we have in mind,

and the XML text it came from.

You will find that the implementation of attribute mappings that's provided with our XML parser has a

toString() method that yields a string that's just right for use in your method.

In Figure 11 we show a simple application program that can be used to test the method.

Answer:

public interface AppTree

{


void printTo(PrintStream out, int indent);

}

public class AppWord implements AppTree 

{


// <snip>


private void printIndent(PrintStream out, int indent)


{



for(int i=0; i<indent; ++i) out.print(" ");


}


public void printTo(PrintStream out, int indent)


{



printIndent(out, indent);



out.print(text);


}

}

public class AppElement implements AppTree, Composite<AppTree>, Iterable<AppTree>

{


// <snip>


private void printIndent(PrintStream out, int indent)


{



for(int i=0; i<indent; ++i) out.print(" ");


}


public void printTo(PrintStream out, int indent)


{



printIndent(out, indent);



if(!subtrees.isEmpty())



{




out.println(String.format("<%s%s>", kind, attrs));




for(Iterator<AppTree> it=subtrees.iterator(); it.hasNext();)




{





AppTree tree = it.next();





if(tree instanceof AppWord)





{






printIndent(out, indent+1);






while(tree instanceof AppWord)






{







tree.printTo(out, 1);







if(it.hasNext()) tree = it.next();







else







{








tree = null;








break;







}






}






out.println();






if(tree == null) break;





}





tree.printTo(out, indent+2);




}




printIndent(out, indent);




out.println(String.format("</%s>", kind));



}



else



{




out.println(String.format("<%s%s/>", kind, attrs));



}


}

}

Exercise 7 (GUIWord implementation)

Complete the implementation by defining the class GUIWord. Think carefully about whether or not a

GUIWord should generate a component.

Answer:

public class GUIWord implements GUITree

{


public class GUIWord implements GUITree


{



protected String text;



public GUIWord(String text)



{




this.text=text;



}



public String toString()



{




return text;



}



public void printTo(PrintStream out, int indent)



{




for(int i=0; i<indent; ++i) out.print(" ");




out.print(toString());



}



public Component genGUI(GUIFactory factory, Actor actor)



{




throw new IllegalArgumentException(String.format("Word %s out of place", text));



}



public String getAttr(String attrName, String dflt)



{




return dflt;



}


}

}

Exercise 8 (Button Prototype)

Show how to build a prototype GUIElement that builds buttons.

Answer:

protected GUIElement protoButton = new GUIElement("button", null)

{


public Component genGUI(GUIFactory factory, Actor actor)


{



return factory.newButton(getAttr("label", formatIter(subtrees)), actor);


}

};

(Note that this is the version of GUITreeFactory before we introduced a context, so

we don't look up which Actor to use in the context.)

Exercise 9 (Completing the GUITreeFactory)

Complete the initialization of the prototype table in the tree factory constructor.

Answer:

,
new GUIElt("frame")


{



public Component gen(GUIFactory factory, Actor actor)



{




Container container =  factory.newFrame(getAttr("title", ""));




addSubcomponents(factory, container, actor);




return container;



}


}

,
new GUIElt("border")


{



public Component gen(GUIFactory factory, Actor actor)



{




Container container = factory.newBorder();




addSubcomponents(factory, container, actor);




return container;



}


}

,
new GUIElt("row")


{



public Component gen(GUIFactory factory, Actor actor)



{




Container container = factory.newRow();




addSubcomponents(factory, container, actor);




return container;



}


}

,
new GUIElt("col")


{



public Component gen(GUIFactory factory, Actor actor)



{




Container container = factory.newCol();




addSubcomponents(factory, container, actor);




return container;



}


}

,
new GUIElt("grid")


{



public Component gen(GUIFactory factory, Actor actor)



{




Container container = factory.newGrid(getIntAttr("cols", 0), getIntAttr("rows", 0));




addSubcomponents(factory, container, actor);




return container;



}


}

Exercise 10 (Extending the GUI Description language)

Show how to extend the GUI description language by adding a new kind of component, perhaps implemented

as a label with a particularly large fixed-width font, that could be used to implement the display

component of a calculator. You will almost certainly be able to do this by subclassing existing classes,

but if you feel you cannot, then you may do a "copy-and-paste" job.

The Display interface will need a method for setting what's on the display and for discovering its width (in

columns). When a Display is constructed it will need a specification of its intended width (in columns).

Its value-setting method should ensure that what's displayed is no longer [than that].

If you find this relatively straightforward, then show how to add a new kind of button that is labelled

with an icon rather than text, when it is straightforward to do so (for example in Swing), but is labelled

with text only otherwise (for example in AWT).

Answer:

As per the practical:

* Added new Display interface.

public interface Display extends Component

{


void setValue(String value);


int getCols();


String getText();

}

* Added new GUI element to GUITreeFactory3.


,

new GUIElt("display")




{





public Component gen(GUIFactory factory, Actor actor)





{







return factory.newDisplay("0", Enum.valueOf(HAlign.class, getAttr("align", "Right")));





}




}

* Added newDisplay method to GUIFactory interface.


Component newDisplay(String text, HAlign align);

* Added newDisplay method and AWTDisplay inner class to AWTFactory class.


 public Component newDisplay(String text, HAlign align) { return new AWTDisplay(text, align); }


 static class AWTDisplay extends java.awt.Label implements Display


 {




public AWTDisplay(String text, HAlign align)




{






super(text);






switch(align)






{ case Left:   setAlignment(java.awt.Label.LEFT);   break;






  case Centre: setAlignment(java.awt.Label.CENTER); break;






  case Right:  setAlignment(java.awt.Label.RIGHT);  break;






}




}




public int getCols()




{






return Integer.MAX_VALUE;




}




public void setValue(String value) { setText(value); }


}

* Added newDisplay method and SwingDisplay inner class to SwingFactory class.


 public Component newDisplay(String text, HAlign align) { return new SwingDisplay(text, align); }


 static class SwingDisplay extends javax.swing.JLabel implements Display


 {




public SwingDisplay(String text, HAlign align)




{






super(text);






switch(align)






{ case Left:   setHorizontalAlignment(javax.swing.JLabel.LEFT);   break;






  case Centre: setHorizontalAlignment(javax.swing.JLabel.CENTER); break;






  case Right:  setHorizontalAlignment(javax.swing.JLabel.RIGHT);  break;






}




}




public int getCols()




{






return Integer.MAX_VALUE;




}




public void setValue(String value) { setText(value); }


}

* Added newDisplay method to Localize class.


public Component newDisplay(final String text, final HAlign align)


{



return original.newDisplay(translate(text), align);


}

And now adding the icon buttons:

* Added new GUI element to GUITreeFactory3.


,
new GUIElt("ibutton")



{




public Component gen(GUIFactory factory, Actor dflt)




{





String actorName = getAttr("actor", null);





Actor  actor = actorName==null ? dflt : (Actor) context.get(actorName);





return factory.newIconButton(getAttr("icon", null), getAttr("label", formatIter(subtrees)), actor);




}



}

* Added newIconButton method to GUIFactory interface.


Component newIconButton(String filename, String label, Actor actor);

* Added newIconButton method to AWTFactory class.


public Component newIconButton(String icon, String label, Actor actor) { return new Button(label, actor); }

* Added newIconButton method to SwingFactory class and added a constructor to SwingFactory.Button.


public Component newIconButton(String icon, String label, Actor actor) { return new Button(icon, label, actor); }


static class Button extends javax.swing.JButton implements Component


{



// <snip>



public Button(final String icon, final String label, final Actor actor)



{




super(new javax.swing.ImageIcon(icon));




addActionListener(new java.awt.event.ActionListener()




{





public void actionPerformed(java.awt.event.ActionEvent act)





{






actor.act(label);





}




});



}


}

* Added newIconButton method to Localize class.


public Component newIconButton(final String icon, final String label, final Actor actor)


{



Actor  newActor = new Actor() { public void act(String ignored) { actor.act(label); } };



return original.newIconButton(icon, translate(label), newActor);


}

Exercise 11 (Challenging) (Extending the GUI Description language with Menus)

Now see if you can extend the toolkit (and then the language) with menus and menubuttons. It is

worth noting that AWT and Swing treat menus somewhat differently, but both require menus to be on

menubars. In Swing a menubar is an ordinary component and can appear anywhere that a component

can appear; in AWT a menubar can only appear in a Frame.

Answer:

* Added factory.MenuBar, factory.Menu and factory.MenuItem interfaces.

public interface MenuBar extends Component 

{


void add(Menu menu);

}

public interface Menu extends Component

{


void add(MenuItem menuItem);

}

public interface MenuItem extends Component {}

* Added newMenuBar, newMenu and newMenuItem methods to factory.GUIFactory.


MenuBar newMenuBar();


Menu newMenu(final String label);


MenuItem newMenuItem(final String label, Actor actor);

* Added newMenuBar, newMenu and newMenuItem methods to factory.Localize.


public MenuBar newMenuBar()


{



return original.newMenuBar();


}


public Menu newMenu(final String label)


{



return original.newMenu(translate(label));


}


public MenuItem newMenuItem(final String label, final Actor actor)


{



Actor newActor = new Actor() { public void act(String ignored) { actor.act(label); } };



return original.newMenuItem(translate(label), newActor);


}

* Added newMenuBar, newMenu and newMenuItem methods and classes AWTMenuBar, AWTMenu and

  AWTMenuItem to factory.AWTFactory.


public MenuBar newMenuBar()


{



return new AWTMenuBar();


}


static class AWTMenuBar extends java.awt.MenuBar implements MenuBar


{



public void add(Menu menu)



{




add((java.awt.Menu)menu);



}


}


public Menu newMenu(final String label)


{



return new AWTMenu(label);


}


static class AWTMenu extends java.awt.Menu implements Menu


{



public AWTMenu(final String label)



{




super(label);



}



public void add(MenuItem menuItem)



{




add((java.awt.MenuItem)menuItem);



}


}


public MenuItem newMenuItem(final String label, final Actor actor)


{



return new AWTMenuItem(label, actor);


}


static class AWTMenuItem extends java.awt.MenuItem implements MenuItem


{



public AWTMenuItem(final String label, final Actor actor)



{




super(label);




addActionListener(new java.awt.event.ActionListener()




{





public void actionPerformed(java.awt.event.ActionEvent e)





{






actor.act(label);





}




});



}


}

* Added newMenuBar, newMenu and newMenuItem methods and classes SwingMenuBar, SwingMenu and

  SwingMenuItem to factory.SwingFactory.


public MenuBar newMenuBar()


{



return new SwingMenuBar();


}


static class SwingMenuBar extends javax.swing.JMenuBar implements MenuBar


{



public void add(Menu menu)



{




add((javax.swing.JMenu)menu);



}


}


public Menu newMenu(final String label)


{



return new SwingMenu(label);


}


static class SwingMenu extends javax.swing.JMenu implements Menu


{



public SwingMenu(final String label)



{




super(label);



}



public void add(MenuItem menuItem)



{




add((javax.swing.JMenuItem)menuItem);



}


}


public MenuItem newMenuItem(final String label, final Actor actor)


{



return new SwingMenuItem(label, actor);


}


static class SwingMenuItem extends javax.swing.JMenuItem implements MenuItem


{



public SwingMenuItem(final String label, final Actor actor)



{




super(label);




addActionListener(new java.awt.event.ActionListener()




{





public void actionPerformed(java.awt.event.ActionEvent e)





{






actor.act(label);





}




});



}


}

* Changed the add methods in AWTFactory.FrameImp.


public void add(Component component)


{



if(component instanceof java.awt.MenuBar) setMenuBar((java.awt.MenuBar)component);



else add((java.awt.Component) component);


}


public void add(Component component, Object constraint)


{



if(component instanceof java.awt.MenuBar) setMenuBar((java.awt.MenuBar)component);



else add((java.awt.Component) component, constraint);


}

* Changed the add methods in SwingFactory.FrameImp.


public void add(Component component)


{



if(component instanceof javax.swing.JMenuBar) setJMenuBar((javax.swing.JMenuBar)component);



else add((javax.swing.JComponent) component);            


}


public void add(Component component, Object constraint)


{



if(component instanceof javax.swing.JMenuBar) setJMenuBar((javax.swing.JMenuBar)component);



else add((javax.swing.JComponent) component, constraint);            


}

* Added new GUIElt clauses to GUITreeFactory3.


,
new GUIElt("menubar")



{




public Component gen(GUIFactory factory, Actor actor)




{





MenuBar menuBar = factory.newMenuBar();





addMenus(factory, menuBar, actor);





return menuBar;




}



}


,
new GUIElt("menu")



{




public Component gen(GUIFactory factory, Actor actor)




{





Menu menu = factory.newMenu(getAttr("label", formatIter(subtrees)));





addMenuItems(factory, menu, actor);





return menu;




}



}


,
new GUIElt("menuitem")



{




public Component gen(GUIFactory factory, Actor dflt)




{





String actorName = getAttr("actor", null);





Actor actor = actorName==null ? dflt : (Actor)context.get(actorName);





return factory.newMenuItem(getAttr("label", formatIter(subtrees)), actor);




}



}

* Added addMenus and addMenuItems methods to GUIElement.


public void addMenus(GUIFactory factory, MenuBar menuBar, Actor actor)


{



for(GUITree elt: subtrees)



{




menuBar.add((Menu)elt.genGUI(factory, actor));



}


}


public void addMenuItems(GUIFactory factory, Menu menu, Actor actor)


{



for(GUITree elt: subtrees)



{




menu.add((MenuItem)elt.genGUI(factory, actor));



}


}
