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There are two particular design patterns can be introduced at the CS2 level that the students can easily understand and appreciate.  These patterns are the Adapter and Composite patterns.  I will discuss these two patterns using Java as the implementation language.  I will give one “killer” example for the Adapter pattern and one “killer” framework and 3 uses of that framework for the Composite pattern.

Adapter Pattern Example:  Overcoming the lack of generic (parameterized) types in Java

In CS2 courses, various collection classes are typically discussed.  A standard part of that discussion concerns the advantages and disadvantages of each type of collection.  One of the disadvantages of Java’s Collection classes is that the collections store arbitrary objects, which means, in particular, that compile-time type checking cannot be performed on the collections to ensure that the objects they contain belong only to a desired subclass of Object.  For example, a Vector that is intended to be used only to contain Strings could accidentally have a Swing widget added to it.  Furthermore, the code for extracting the Strings from such a Vector involves typecasting, which can make the code quite inelegant.  My students have found this aspect of Java irritating.

A solution to this problem is to have the students design and implement their own “StringVector” class that is similar to a Vector but contains only Strings.  In this new class, the methods’ signatures and return values would refer to Strings instead of Objects.  For example, the “add” method will take a String as its parameter and the “get” method will have String as the return type.

The natural way to implement the StringVector class is by using the Adapter pattern.  That is, a StringVector object contains a reference to a Vector in which the Strings are actually stored.  In this way, the students are adapting the interface of the Vector class to the desired StringVector’s interface.

One drawback to this example for the Adapter pattern is that generic types might soon be added to Java, in which case the example is less relevant.  Since C++ already has generic types, this example is less useful for CS2 classes using C++.

Composite Pattern Framework with Graphics, Music, and Logic Gate Applications

The Framework

In my opinion, one of the best ways to learn the Composite pattern is to give the students some simple components and then ask them to write code that uses these components to build more complicated components.  To support this activity, I envision a framework with a GUI consisting of a window with two parts:  (1)  a canvas for constructing composite components from the existing simple components and (2) a pallet with a variety of buttons corresponding to the simple components.  In a typical scenario, the user highlights one of the buttons in the pallet by clicking on it.  Then the user clicks in the canvas, which causes a copy of the button’s icon to appear in the canvas.  The icons in the canvas can be manipulated in a variety of ways, including selection, deletion, dragging, copying, pasting, and possibly stretching.  When the user has finished adding and manipulating components in the canvas, he or she can select a set of the components in the canvas and then, using a menu item, for example, can “group” that set of components into a new, more complex, composite component.  This new component can be manipulated in the canvas as though it were one entity instead of a composite of other components.  In particular, the new component can be grouped with other components to make even more complex composite components.  In each case, the new composite components will implement the same interface as the simple components and so the Composite pattern is used.

Three examples

For our first example, this framework can be used to implement the motivational example for the Composite pattern in the Design Patterns book by the Gang of Four on pages 163-164.  That example refers to a graphics application that allows the user to draw lines, rectangles, and text, and allows the user to group such graphical objects to form more complex graphical objects.  These groups can in turn be used to form even more complex graphical objects.  In my framework, the pallet would have 3 buttons, one for each of the three simple types of graphical components: Line, Rectangle, and Text.  There would also be a Picture class that corresponds to composite objects.  All these classes implement a Graphic interface that includes a draw() method.  This method is implemented differently in each of the classes.  In particular, the Picture object implements the draw() method by calling draw() on each of its components.  

For our second example, my framework could be used to implement a musical composition application, in which the user is given a bunch of simple sounds (e.g., stored in short sampled-sound files) and the user can create musical compositions from them.  The button pallet would have one button for each simple sound.  When the user highlights a button and then clicks in the canvas, an icon appears there, with the width of the icon corresponding to the length of the sound.  When the user selects a “Play” menu item, a vertical line moves from the left edge of the canvas to the right at a fixed speed, playing the sampled sounds associated with each icon when it first reaches that icon.  Simple sounds can be grouped together to create musical “gestures”, which form new composite sounds.  All simple and composite sounds would implement a Sound interface that would include, among others, a play() method.  The composite sound would implement its play() method by calling play(), with appropriate delays, on each of its component sounds.

A third example of the use of this framework is in the implementation of a simple digital circuit design application, in which the user is given basic digital building blocks, such as AND gates, OR gates, NOT gates, simple inputs, and simple outputs.   There would also be wires for connecting the gates to each other.  In the pallet, there would be buttons corresponding to each of these simple components.  From these building blocks, users can construct more complicated circuits, such as multiplexers, adders, encoders and decoders.  Once such circuits have been designed, they can be used to make even more complicated circuits.  After creating such components and connecting them together, the user can select a “Go” menu item, at which point the inputs are applied to the circuit and any outputs are measured. All simple and composite components would implement an Executable interface that includes a go() method that takes the inputs into the component and calculates each of the outputs of the component.

Use of the Framework in the Classroom

Requiring CS2 students to implement all the details of such a framework would overwhelm them.  Instead, I envision giving to the students the source code for a framework corresponding to one of the three uses above, including the buttons in the pallet.  However, the code for grouping components into composite components would not be included at this point.  The students would initially be asked to execute the code and play with the framework by adding simple components to the canvas and manipulating them.  This activity will familiarize the students with the framework and will help them understand the source code.  If, as part of this activity, you ask the students to construct sufficiently complicated layouts in the canvas, they will naturally ask for some kind of grouping feature.  At that point, you can assign them the project of adding that feature to the application, which will force them to grapple with the forces at work in the Composite pattern.

The instructor has the option of giving the students the interface that all simple components implement and letting the students figure out that the composite object should also implement that interface or the instructor could give the students ugly code in which the simple components do not share any interface (resulting in much use of “instanceof”) and see whether the students can come up themselves with the idea of a common interface for all simple and composite components.  

Justification

There are several reasons why I feel this framework is one of the best ways to teach the Composite pattern in CS2 classes. 

1. Students appreciate and enjoy using and developing graphics applications because of the immediate visual feedback that such applications provide.  Students can quickly see whether their code works correctly.

2. Through the use of the AWT and Swing packages in Java, it is relatively easy for students to add code to such a framework.

3. The grouping of objects together so that they can be manipulated as one, e.g., for dragging, is a natural extension of the framework given to the students.

4. Writing code for such an application without the Composite pattern leads to many uses of “instanceof” for distinguishing between the various grouped and ungrouped components in the display.  The resulting inelegance is a motivational factor for the Composite pattern.

An added benefit of this framework is that it could be used to introduce many other patterns as well.  For example, the following patterns could be discussed.

1. The Observer pattern.  This pattern is useful for understanding Java Listeners.

2. The MVC paradigm.  This paradigm is central to such a GUI application.

3. The Iterator pattern.  This pattern might be useful internally to a composite object when it needs to iterate through its components, especially when the composite object may not care or need to know the particular kind of container it is using to store its components.

4. The FactoryMethod pattern.  A new object needs to be created in the canvas whenever the user clicks in a blank area of the canvas.  The canvas' ActionListener could ask the currently selected button in the pallet to create the object for the canvas.  The buttons would each have a factory method that creates the desired objects.

