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Introduction

We have used the example of an elevator control system as a motivation for introducing several object-oriented concepts at the introductory level.  The development of this example had several motivations.  We were inspired by recent presentations by Kristen Nygaard (OOPSLA 2001, ITiCSE 2002), who emphasized the importance of introducing complexity from the outset in order to present a motivation for an object-oriented approach to program design and implementation. Nygaard often included in his talks the example of a busy restaurant with many customers of differing types, with many different things happening simultaneously. This provided a complex system that needed some organizing principle to get sorted out. Object-oriented design is such a principle.  

We have adopted an elevator system as a similar complex example to which most people can relate, as shown in figure 1. This system can be used as an example of how object-oriented design can be used as an organizing principle for understanding complex systems. It also provides examples of interesting
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figure 1.

programs.  One such program is a model of how the elevator control system works.  A second is a simulation of an elevator system and the people using it. We plan to use both (the second as yet undeveloped) to introduce object-oriented concepts right from the start of an introductory course.

Complex Systems
There is no point to object-oriented design and programming unless we work with complex systems.  The very origins of object-oriented programming go back to modeling and simulating complex systems.  We must introduce the student to the idea that computers are used to model and develop complex systems in order to convey the importance of the object-oriented approach. An elevator system provides a familiar example.  We can use it as a motivation for the type of classification that is part of the object-oriented paradigm, using an elevator and its control system as examples of systems that are only usable by people because of the layers of abstraction that hide the inner workings from the user. 

In addition, an elevator system provides two examples of interesting program applications.  One is to model an elevator system and the people interacting with it in a simulation designed to assess the effectiveness of different algorithms for elevator control.  A simpler model, and the one that we start with, is to simply model the control system through which people interact with the elevator system. We have successfully used the latter model in several workshops for teachers new to the object-oriented paradigm, and we are working with it in the classroom for introductory computer science courses.

For this workshop we would like to share some of the successful ideas that we have had with this example for getting across object-oriented concepts as well as some simple examples of design patterns. We believe that design patterns should not be explicitly taught very early in an introductory course, but that they can be introduced as motivation for specific ways of organizing an object-oriented program. Students will learn by exposure to several such examples about the use of basic design patterns and can later learn design patterns in a more systematic way. 

The objectdraw Library

We have used the objectdraw library developed at William's College (Bruce, Danyluk, Murtaugh) as the basis for our series of elevator programs. The objectdraw library provides graphical objects and a simple event-driven programming model. For example, the library includes a class FilledRect.  A FilledRect object has a color, a location, and width and height.  It also has methods move and moveTo, as well as accessors for its attributes.  A FilledRect might, for example, be used to represent an elevator (or a part of an elevator).  A graphical object such as this appears on a display as soon as it is constructed and its actions are reflected by appropriate changes to the displayed object.  This provides an excellent motivational tool for students.

In addition, the driver class for an objectdraw program, a class that extends the library class WindowController, includes the capability to respond to mouse events (mouse click, mouse press and release, mouse drag), by overriding the corresponding methods inherited from the WindowController class.  This provides a platform for creating simple, and later complex, interactive event-driven programs.  This is another strong motivational tool for the novice programmer.

We have used the structure provided by the objectdraw library to enable us to get to an interesting application, such as the elevator control system, with minimal overhead.  This has made it possible to develop interesting interactive examples from the outset.

The Issue of Program Complexity

One might object that students cannot deal with complex programs at the very beginning of their introduction to computer programming.  However, we do not believe this is true. What is true is that students must be introduced to concepts in a simple but motivated fashion. In fact, any program they work with is always embedded within a complex system.  The issue is whether we expose that complexity or not.  We believe that exposing the complexity can work if students are introduced first to reading relatively simple programs that get their complexity from library support more than from explicit code. Students should be introduced to writing only very simple parts of programs within a more complex framework at the beginning of their studies. For example, we use a simple version of an "elevator control system," if it can even be called that, to introduce the parts of a program to students for reading.  (This system has an elevator represented by an objectdraw FilledRect object that only moves up in response to any mouse click on the display.) Then we have students do simple exercises for writing code that simply involve writing the body of a method that responds to the mouse click in a different way by using a different method from the FilledRect class such as moveTo or setColor.  As additional concepts are introduced, students work with them by making small modifications or additions to programs in a more complex object-oriented setting.

Objects Early

One motivation for our elevator example with the use of the objectdraw library is to introduce objects in an interesting context from the very start of an introductory course.  The graphical objects provided by the objectdraw library provide a great motivation for students.  The context of event-driven programming is quite natural for students who have grown up using interactive programs.  The elevator system provides an example that students are familiar with and which we have found can be used to illustrate fundamental programming principles in a step-by-step fashion. We find the combination of the elevator system example with the objectdraw tools very compelling.

A Progression of Concepts

We have used the elevator system example in several workshops for teachers during the summer of 2002.  We have developed a progression of several fundamental programming concepts that can be introduced using this example, including the application of some basic design patterns.  Here is a summary of our progression, which continues to evolve as we gain experience.  All the code illustrating these ideas and a set of powerpoint slides that we used for introducing the concepts are available on our web page at http://cs.colgate.edu/HSJava.html.

· Complex systems, classes and objects

· The structure of an object oriented program (simple version)

· Methods and parameters

· Instance variables

· Conditional control structures

· Designing our own classes, composite pattern

· Interacting objects

· Control using listeners, observer pattern and expert pattern

· Arrays and loops, iterator pattern

· Inheritance

When we get to the point of designing classes, we also introduce some basic design patterns. Among the patterns that we can introduce in this sequence of lessons are the composite pattern, the observer pattern, the expert pattern and, not surprisingly, the iterator pattern. There are probably some other basic patterns lurking here that we have not identified.

We introduce the development of our own classes with an Elevator class, after using only the classes supplied by the objectdraw library and standard Java libraries for the first few lessons. Since we are working in a graphical environment with a graphical representation of our elevator, this presents a natural application of the composite pattern. This pattern suggests that a composite object has several components that all share an operation, such as move, that the composite should also have. Rather than modeling the collection as several disparate pieces, it is obvious to encapsulate the pieces into a single object defined by a class. For our Elevator class, we use several objectdraw objects to construct the elevator, including an inside (FilledRect and FramedRect) and doors (two FilledRect and two FramedRect). In order for an instance of our elevator to move, each of its components must also move the same amount. Thus, we encapsulate this into a move method for Elevator that simply calls the move methods for each of the components. This method is then used to implement the higher level abstraction for an Elevator, moveToLevel, that moves according to the numbering of floors served rather than by the graphical measurement of pixels. This is a very natural example of the composite pattern. We do not make a fuss over the pattern, but do point it out, as an example of a principle that may help discover other appropriate abstractions in a design. This leads to a simple exercise -- finding another application of the composite pattern within this example (the answer is the doors of the elevator, that open and shut by having all the door components either hide or show).

We use elevator buttons to introduce an example of conditional expressions, using objectdraw FilledOval objects to represent the buttons and their contains method to determine whether a mouseclick has indicated that one of the buttons was "pushed." However, this method quickly becomes cumbersome as the number of buttons multiplies and there is need to add more clauses to the 

"if ... else if ..." expressions that detect button pushes. This is a natural example for introducing the observer pattern. However, the objectdraw library does not include a facility to create objects such as buttons that serve as publishers to listeners. Consequently, we enhanced the objectdraw library by adding a class ODButton and an interface ODButtonListener (and a class ODButtonAdapter that implements empty versions of the methods for ODButtonListener) that provide this functionality. Then we can introduce this object-oriented style of control, and provide a simple example of the observer pattern.

When we develop a model where we have two or more elevators, we have a natural occasion for introducing the expert pattern. We have several buttons for calling an elevator to each floor. When one of these is "pushed" with a mouse click, our model requires that the nearest elevator be sent to that floor. What object should have the responsibility for finding the elevator nearest to a floor? This is a place where the expert pattern fits nicely. Although the object responding to the elevator button push (a FloorButtonControl) has responsibility for making the elevator move to the floor, for it to determine which elevator to move would involve getting information it does not have, the location of each elevator. The driver class for this example, ElevatorSystem, is the only object that has knowledge of all the elevators, the knowledge needed to determine the closest to a floor. Consequently, the simplest design assigns responsibility for determining the nearest elevator to this class, an example of the expert pattern.

Once we develop a model with more than one elevator, it is quite natural to generalize the elevator system to have the number of floors and elevators determined by parameters and to use arrays for the appropriate data structure for managing these entities. This quite naturally introduces the ubiquitous iterator pattern, as we need to run over the elevators and the floors for initialization and for determining the nearest elevator to a given floor.

Continuing Work

We plan to continue our series of elevator programs by moving beyond the model of the elevator control system to a simulation of the full system of interacting people and elevators.  We are currently working on this aspect of the project. It will provide additional opportunities for introducing design patterns in the context of an introductory course.  Among these patterns will be the model-view-controller pattern whereby the display or recording of the results of the simulation, the view, is separated from the model, the simulation itself.  The control of the model through a simple driver program or a more complex graphical user interface will be a third part. Any simulation of a complex system is a natural place for discussing the MVC pattern. 

Summary

Modeling an elevator control system and simulating a system of elevators and their users provide examples in a context familiar to most students.  These examples have a high degree of complexity and are well suited to object-oriented design and implementation. By working with parts of a complex program in a context understood by students, we can introduce many fundamental ideas of object-oriented programming, including some basic design patterns. We have successfully used the elevator control system example to motivate and teach fundamental concepts in several workshops for teachers.  We are continuing to develop these models as examples that can be used in an introductory course to motivate and teach object-oriented design and programming.  

