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1 Purpose

This document describes a simple application that can be used introduce students to design patterns during the first programming course.  The application has been used in several contexts at the University of Wisconsin – Eau Claire with considerable success.  I believe the application is a “killer example” in that it provides a single integrated example of several interacting design patterns that clearly illustrates to students the power of each design pattern and the synergism that results from combining these design patterns.  The particular application, a simple graphical kaleidoscope, offers considerable opportunity for a diverse collection of pedagogical techniques.   Students find the application fun while at the same time gaining first-hand experience with the flexibility and robustness supported by classic design patterns.

2 Introduction

Design patterns [3] have emerged as an extremely effective tool with which to solve software development problems.  Design patterns represent language and application independent solutions to commonly occurring design problems.  Design patterns allow software developers to harness proven design techniques within their projects without needing to reinvent the wheel.  Design patterns then give less experienced software developers an opportunity to take advantage of the lessons and outcomes learned by previous, more experienced developers.  

Design patterns are an integral part of today’s software developer’s arsenal of knowledge.   As such, many (if not most) computer science programs are attempting to include design patterns within their undergraduate curriculum.  The most common efforts focus on the use of design patterns in the junior and senior software development, software engineering, and software design/analysis sequences.  Other authors have attempted to bring design patterns earlier into the curriculum.  For example, the use of special data-structuring design patterns in a data structures course [5].


We believe that generally applicable design patterns, such as those typically included in junior/senior software development courses, should be included as early as possible in the undergraduate curriculum.  The difficulty is, however, the typical examples and applications that are used to illustrate these classic design patterns are either too abstract or too complicated for early computer science students.  For example, MDI applications [3, pp. 107] or encrypted socket applications [4, pp. 94] are typical examples used to demonstrate popular design patterns.

As computer science educators, we must strive to find and share design pattern examples and applications that are sufficiently straightforward so as to allow inclusion in early courses (even CS1, if possible) but that still demonstrate the power and effectiveness of a design pattern worthy of inclusion in the students arsenal.  In this paper, we present such an example.  A simple kaleidoscope program is presented that effectively demonstrates two classic design patterns (simplified somewhat) while remaining simple and “sexy” enough to capture the interest and attention of today’s CS1 students.  It is not our claim that the example presented is in any way a contribution to the field of design patterns.  Instead, it is our goal to simply share a single “design patterns in CS1” success story in hopes of helping other educators with the task of finding good examples of design patterns in action in early computer science courses.

3 Background

For completeness, this section summarizes the two design patterns used in our kaleidoscope example:  Model-View-Controller and Factory Method [3].  While both of these patterns typically involve the use of interfaces, our presentation has removed this element from both design patterns.  The non-interface version is more likely to be applicable to most CS1 courses than is its more sophisticated interface version.  Clearly the interface aspect could be returned if appropriate for a given institution.

2.1 The Model-View-Controller Design Pattern
The Model-View-Controller design pattern deals with the appropriate division of responsibility between GUI and non-GUI design elements [1].  In this design pattern, a clear distinction is maintained between objects whose primary responsibility is the encapsulation of data, and objects whose primary responsibility is communication with the user.  The model object represents the data-encapsulating object.  The model provides all the processing behavior necessary to manipulate the data.  The view object, on the other hand, has the primary responsibility for displaying the model to the user.  Each time the data of the model is changed, the model notifies the registered view(s) of the data change, requesting that each view update its display as appropriate.  The controller object has the primary responsibility for taking commands from the user and relaying them to the model’s data manipulation methods.  
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Figure 1. The Model-View-Controller Pattern
A container of circles and squares is frequently used to illustrate the MVC design pattern.  In this example, the model is the container of shapes.  A view class might draw a graphical representation of the circles and squares.  A controller class might provide a button for adding additional circles or squares to the container.

The Model-View-Controller’s separation into three distinct responsibilities has numerous advantages including the ability to provide multiple views for the same data, centralized data manipulation code, and a decoupling of process from interface.  

3.1 The Factory Method Design Pattern
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Figure 2. The Factory Method Design Pattern

The Factory Method design pattern is used to enable a class that manipulates objects through an abstract class reference to create new instances of the classes derived from the abstract class.    Using polymorphism, a requester object encapsulates a process that works on any product object (and therefore any derived class derived from product).   When the requester requires a new instance of the product, a factory is used to provide the new instance.  The factory encapsulates the creation process inside a createProduct() method. 

The classic example of this design pattern involves a windowing system.  When the user clicks on the “open” button, the same generic open process occurs regardless of the actual type of application being opened.  Here, the product would be an application, the requester would be the windowing system, and the factory would be the class charged with deciding the type of application to open. 

The Factory Method design pattern enables a general process to request new instances of an abstract class without being required to know the process that creates the instances.  The Factory class encapsulates the generic process, the product class encapsulates the data manipulated by that process, and the factory class encapsulates the product-creation process.

It is worth pointing out (even as early as to CS1 students) that these two design patterns, the Model-View-Controller and the Factory Method, both illustrate an underlying principle of object-oriented design – responsibility-driven design [6].  Each pattern is a direct result of constructing a class to encapsulate the details of a single logical task.  In the MVC pattern, each class has a distinct responsibility for either data, input, or output.  In the Factory Method pattern, the Factory class encapsulates the responsibility for the creation of concrete instances of an abstract class.   This “one class, one responsibility” philosophy accounts for the specifics of many of the most popular and powerful design patterns [3].

4 The Kaleidoscope Example

Figure 3 illustrates the appearance of our simple kaleidoscope program. Basically, the kaleidoscope is a collection of shapes.  When the kaleidoscope is “turned”, the existing shapes are randomly shuffled and one new shape is added to the collection.  At any given time, the kaleidoscope view displays the current collection of shapes by displaying them symmetrically in all four quadrants.  Over a sufficiently large number of turns, the display begins to take on the visual characteristics of a typical kaleidoscope toy.
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Figure 3.  The Kaleidoscope Application
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Figure 4. The Kaleidoscope Design Static Model

Figure 4 presents the class diagram for the Kaleidoscope program (see [2] for a description of the UML).  The following sections provide descriptions of each class and discuss how the design uses both the MVC and Factory Method design patterns.

3.1 The Kaleidoscope Class Model

Shape.  This abstract class represents the root of the shape hierarchy.  It serves to encapsulate the data that the general Kaleidoscope class manipulates.  The Triangle, Circle, and Rectangle classes are all directed derived from Shape.  The Square class is derived indirectly through Rectangle.  The Shape class holds the center and color of each.  The draw() method is responsible for all behavior common to the drawing process of any shape.  For our application, this is limited to setting the drawing color.  Each class derived from the Shape class must extend the drawing process in a way specific to that shape.  

The Shape hierarchy provides a relatively painless introduction to inheritance, abstract classes, and method refinement.  The use of the general-purpose translateTo() and draw() methods specifically highlight the appropriate division of responsibility between base and derived classes.

In our design pattern realization, the Shape class serves the abstract product class (from the Factory Method design pattern).  
Kaleidoscope.  The Kaleidoscope class is the repository for all the shapes.  The turn() method causes the existing shapes to be mutated (randomly translated), one new Shape to be added to the array, and the registered view to be notified to update its display. The registerView() method gives the Kaleidoscope access to an appropriate GUI display.  
The use of the Shape array and the draw() method provide an excellent illustration of dynamic typing and polymorphism.  

In our design pattern realization, the Kaleidoscope class serves to glue together the two design patterns.  From the MVC perspective, the Kaleidoscope class serves as the model class, encapsulating the data to be manipulated (the collection of shapes).  From the Factory Method perspective, the Kaleidoscope class serves as the requester, requesting new instances of the Shape class during each turn of the kaleidoscope.

ShapeFactory.  The ShapeFactory class encapsulates the shape-creation process and, not surprisingly, serves as the factory class in our realization of the Factory Method design pattern.  Each time a new shape is required, the createShape() method is invoked to determine the specific details of the resulting concrete class (Square, Rectangle, Triangle).  Rather than embedding the logic of how to select a new Shape within the turn() method, the responsibility for creating the new Shape is encapsulated in ShapeFactory class.  By isolating the design decision of how to create the next shape to the ShapeFactory, Kaleidoscope can easily accommodate alternative shape-construction strategies without needing to be modified (although this last step does require defining the ShapeFactory as an abstract class and deriving concrete classes from it).

KaleidoscopeView.  The KaleidoscopeView class has primary responsibility for outputting the shapes held by the kaleidoscope itself. The update() method invokes the appropriate code to paint the graphics on the screen.  The heart of the display process is the invocation of the draw() method for each Shape held in the shapes array.
The invocation of the draw() method through the abstract class Shape provides an excellent example of polymorphism.

Clearly, the KaleidoscopeView class serves as the view in the MVC pattern.  While our example uses only one view per model, this restriction can be easily removed.

KaleidoscopeControl.  The KaleidoscopeControl class has the primary responsibility for sending input to the kaleidoscope and as such serves as the control class in our realization of the MVC pattern.  Its single method, handleTurnButton() serves as the manipulate method in the general pattern, sending a “turn” message to the kaleidoscope when appropriate. 

3.2 The Kaleidoscope Object-Interaction Diagram
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Figure 5. The Kaleidoscope Design Dynamic Model
Figure 5 illustrates the primary flow of messages between the objects in our kaleidoscope example.  In response to the user clicking the “turn” button, the KaleidoscopeControl object invokes the turn() method of the main Kaleidoscope object.   In response, the Kaleidoscope object randomly moves each existing shape in the shape array using the translateTo() method of Shape.  Next, the Kaleidoscope object uses the createShape() factory method from the ShapeFactory object to create a new Shape instance for inclusion in the shape array.  When the new shape has been added to the shape array, the Kaleidoscope object invokes the update() method of the KaleidscopeView object.  This method invokes the getShapes() method of the Kaleidoscope object to retrieve the shape data and then, in turn, invokes the draw() method of each resulting Shape object.

Notice how this single sequence of messages involves, in its appropriate role, each of the classes that realize the two MVC and Factory Method design patterns.  In one example, the students directly experience both design patterns in operation.
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