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Forward

We are currently requiring the project described herein in Computer Science 4, a course offered in the fall quarter of the students’ second year. The fact that it is not a first year assignment may simply be a matter of what the authors were teaching at the time. However, it meets the difficulty requirements for a second year course for reasons that will be explained below.

Currently in our first year, students majoring in Computer Science, Software Engineering, and Computer Engineering take a sequence of three courses that introduce them to software design, and more specifically, the Java programming language. The students see some classic design patterns such as Composite and Command, but we are currently not in the habit of making them know these things by name.

The fourth course, from which this project comes, is a course where the students improve their design skills, formalize their UML skills, and learn C++ as well (no small feat, to be sure).

Through this project we try to teach the students the value of discovering abstractions (or patterns) in problems. Here the specific abstraction is searching through a space of world states, or configurations, for an acceptable goal solution. The twist is that the space is not known a priori; it is constructed as the solver algorithm progresses. We build the abstraction into the solution by designing it so that the specific problem being solved is unknown to the solver.

In the end, they are asked to apply their abstract design to several successively more complex problems that, on the surface, may appear unrelated. Iterative design refinement is encouraged.

Other common patterns of programming they see are polymorphism (of course) and breadth-first search. Other complications arise due to the simple fact that they are programming in C++. They need to deal with many memory management issues, such as copying and deallocation strategies. As the reader will see, the students receive several suggestions on how to deal with these issues. One involves the use of smart pointers, while the other suggests a generic programming (template) solution. The complete write up, currently visible at http://www.cs.rit.edu/~cs4/Projects/01/writeup.html, includes strategy suggestions on how to deal with these issues. They are also discussed in class

The rest of this document consists of excerpts from the actual assignment write up.

Goals for this Project

Design:
You will improve your design skills while learning many new design techniques and styles. 

C++ Programming:
You will learn what it takes to develop a larger program in the C++ language. 

C++ Survival:
Some of the techniques you learned in more standard object-oriented languages may not apply here. In addition, C++ has some unique features that you may be able to exploit. This project should help expose you to these issues and show you how to make choices you can live with.

Overview

Abstraction as a Means of Extensible Design

Below you will read about some specific problems you are to solve. However, we will also show you how this problem fits into a more general analysis pattern. If you know this, you can design your solution to this more abstract model, thereby allowing you to plug in new concrete problems with less effort. 

Here are three problems whose common characteristics will be revealed. 

The Parking Lot Jam

One concrete problem you will be asked to solve is a somewhat contrived situation for a valet parking attendant. Imagine you have been asked to get a car out of the parking lot, but it is blocked by other cars. Your goal is to move the other cars (you have all the keys!) in such ways as to eventually get the desired car poised at the exit from the parking lot. 

The Farmer's Dilemma

A farmer went to town and bought a fox, a goose, and a bag of corn. Unfortunately, he had to cross a river on the way home and the boat he had could only hold one of his purchases at a time. Furthermore, he realized that if he left the fox alone with the goose the fox would eat the goose and if he left the goose alone with the corn the goose would eat the corn. 

How could the farmer get all of his purchases across the river uneaten? 

Note that neither the fox and goose or the goose and corn can be left on one side of the river when the farmer is on the other side of the river. 

Fixing the Time on Your Clock

Your clock has gone dead because you forgot to wind it or replace the battery, or you had a power outage. This clock has hands, so you must turn them to adjust the time. Which way, and how far, should you turn the hands to fix the time the most quickly? 

You've probably guessed that this is the easy one of the bunch. In fact, we'll trivialize it even further. The clock only has an hour hand, so the question becomes how many whole hours backwards or forwards the hour hand must be moved. Then we will "complicate" it a bit by turning it into a general modulo-n counting problem, by saying that the clock displays n hours on its face. 

A Single Abstraction

The problems described in the overview section belong to a class of problems that can be characterized as follows: 

There is some kind of world that can be in one of many configurations. Actions cause the configuration of the world to change in some small and incremental way. 

The set of all possible configurations is not known ahead of time; they must be computed by applying actions and seeing where they take us. 

We are presented with an initial configuration, and asked to bring the system to an acceptable goal configuration. 

The acceptability of a configuration as a goal configuration is testable (often there is more than just one such configuration). 

The solution is then a sequence of actions that propel the world from the initial configuration to one of the goal configurations. 

Mapping the Abstraction

Let's see how the parking lot problem maps to this abstraction. 

The world is the parking lot. The current configuration of the world is the size, position, and orientation of each vehicle in the lot. An action consists of moving one vehicle to a new spot in a legal way (no collisions). 

The initial configuration is just the initial setup of all the vhicles. The test for an acceptable configuration would see whether the needed vehicle is situated at the exit, ready to drive out. 

We will leave it as an exercise to the student to determine the mappings to the other two problems. 

The Algorithm

The interesting thing about these problems is that we do not have to think about the concrete problem instance in order to describe an algorithm to solve it! Read and make sure you understand the algorithm below: 

Create an initially empty queue of configurations.
Insert the initial configuration into the queue.
While
  the queue is not empty and
  the first configuration in the queue does not meet the goal,
loop:

Remove the first configuration from the queue and call it C.

For each action A applicable to C, loop:


Apply A to C, and enqueue the resulting


configuration if it has not already been seen.

end-loop.
end-loop.
The acceptable configuration is now at the head of the queue;
but if the queue is empty, there is no solution to the problem.

Did you recognize a pattern in the way the algorithm organizes and traverses its search space? It's a breadth-first search of a tree, where the nodes of the tree are discovered and attached as you go. This algorithm could be made more efficient. As written, it finds a goal configuration, but keeps looping until that configuration gets to the head of the queue. Feel free to improve or even redo the algorithm. 

Notice some important things about the above algorithm: 

· No specific concrete problem is ever mentioned. 

· The algorithm is incomplete because it does not finish by telling you the sequence of actions that get you to an acceptable configuration. That, again, is left as an exercise for the student! 

· We do not say how to determine if a configuration "has not already been seen". 

What To Do

The activities in this lab will have you design a framework that is easily adapted to all the problems of the classification described above. You will then implement and test all three of the problems using that design 

The general process you should follow goes something like this: 

Develop the initial framework design in the abstract.
Submit the design to your instructor.
Write the code for the abstract framework.
For each concrete problem assigned,

Code the specific problem classes.

If the previous step forced a modification of your design,


Modify the code for the design as needed.


Modify the code for the previous problems as needed.

Submit the code for your latest design and all the problems

  implemented so far.

