COMP2004/2404
Assignment 2
Winter 2009
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Due Tuesday, February 17, by 5 pm
This assignment has two questions.  The first question uses a stack to find a path in a maze, and the second question uses queues to simulate a signal processing system.

1.  Maze (35 marks)

A maze is represented by a 2-dimensional array of byte.  Every member of this array is represented by a cell.  The cell at row i and column j is cell (i, j).  If the value of a cell is 0, this cell is a free cell, and one can go through this cell.  If the value of a cell is 1, this cell is a part of a wall, so that one cannot go through it.  The top left corner of the maze is the cell (0, 0).  It is a free cell, called the entrance of the maze.  In a m by n maze, the bottom right corner is the cell (m ( 1, n ( 1).  It is also a free cell, called the exit of the maze.  Two cells are adjacent if they in the same row and in adjacent columns, of they are in the same column and in adjacent rows.
A path in a maze from the entrance to the exit is a sequence of free cells c0, c1, …, ck, where c0 is the entrance, ck is the exit, and ci(1 and ci are adjacent, i = 1, 2, …, k.

We may use a stack to find a path in a maze.  This algorithm is described as follows:  

Mark the entrance as visited.  (This can be done by setting the value of cell to 2).  Push the entrance cell to a stack s. 

When the stack is not empty, do the following:

(i)  If the top member of s is the exit, stop.  In this case, the cells in s, from bottom up, form a path from the entrance to the exit.  
(ii) If s is empty, then there exists no path from the entrance to the exit in this maze.  

(iii)  If s is not empty, and the top member is not the exit, find a free cell adjacent to the top member of s.  If there is such a cell, mark this cell as visited, and push this cell into s.  If there is no such cell, pop the top cell out from s.     
Write a Java program to solve this problem by the algorithm described above.  

In your solution, there should be a class called MazeExample.  This class has a number of static methods example1, example2, …, etc.  Each of these methods returns an object of type Maze.

Write a class MazeTest.  There is only the method main in this class.  In method main, static methods in class MazeExample are called one by one.  For each example maze, print the maze as a two-dimensional array, solve it and print the solution.  The maze is printed as a (0, 1) 2-dimensional array, and the solution is printed as a 2-dimensional array with entries 0, 1, 2 or 3.  A cell with value 0 means that this cell is never reached, a cell with value 1 means that this cell is a part of a wall, a cell with value 2 means that this cell has reached but it is not in the solution path, and cells with value 3 gives the solution path.
The following is an example of a maze and its solution:

The maze:

 0 0 0 1

 0 1 0 0

 1 0 0 1

 1 0 1 1

 1 0 0 0

The solution:

 3 3 3 1

 2 1 3 0
 1 3 3 1

 1 3 1 1

 1 3 3 3

Depending on the choice of an available neighbor, you may get a different solution.  
Write classes that you think are needed in this question.

2.  A Signal Processing System (55 marks) 
A signal processing system has two processors p1 and p2.  Every signal arriving at the system is to be processed by p1 and then by p2.  Each processor has a buffer with limited capacity.  The buffer for p1 is denoted by b1, and the buffer for p2 is denoted by b2.  

When a signal arrives at the system, if b1 is not full, then the signal is added to the buffer b1.  If b1 is full, the signal is lost, and cannot be recovered.  When p1 becomes available, a signal is removed from the buffer and processed by p1 on a first-come-first-serve basis.  The buffer is represented by a queue.

When p1 has finished processing a signal, it sends the signal to p2.  If b2 is not full, the signal is added to b2.  If b2 is full, the signal got lost.  When p2 is available, a signal is removed from b2, and processed by p2.  Buffer b2 is also a queue.  When p2 finishes processing a signal, the processing procedure is finished, and the signal goes out of the system.  
The time between consecutive signal arrivals, called the inter-arrival time, satisfies an exponential distribution with a given mean.  An exponentially distributed random number e with a given mean m is generated by a random variable u, which is uniformly distributed in the interval [0, 1):

 
e = ( m * log (1 ( u).

Random number u is generated by method nextDouble ( ) by an object of class Random.  The time for a signal to be processed by a processor is also a random number with an exponential distribution.

For this question, you need to write a program to simulate this system in order to find out what the average response time is for signals that are successfully processed by the system, and the percentage of signals that arrived into the system, but got loss due to the limitations of the buffers.

There are a number of classes involved in this problem.  

First, because the buffers are implemented by queues, we need an interface Queue, which is implemented by a CircularArrayQueue class.  To deal with the full queue exception and the empty queue exception, we need a class FullQueueException and a class EmptyQueueException.  These classes are the same as in the notes.

Signals are implemented by a class Signal.  This class has three instance fields, which are the characteristics of a signal:  

double arrivalTime;

// the time when the signal arrives in the system

double processingTime1;
// the time needed to process this signal by processor p1

double processingTime2;
// the time needed to process this signal by processor p2

It also has four static fields: Three of them are of type Random used to generate uniformly distributed random double variables, which are used to calculate inter-arrival time, processingTime1 and processingTime2, respectively.  Another static field previousArrivalTime is used to keep the arrival time of the previous signal.  The initial value of this field is 0.  Every time when an object of this class is created, this field is updated. 

The arrival time of an object is obtained by the arrival time of the previous signal plus an inter-arrival time.  The arrival time of the first signal is 0 + inter-arrival time.  

Fields processingTime1 and processingTime2 are calculated by the formula using uniformly distributed random variables generated by two other objects in class Random, respectively.

This class also needs get-methods for all three instance fields, and a toString method that converts a Signal object with arrival time x, processingTime1 y, and processingTime2 z, into a String of the format Signal(x, y, z).

The buffers are implemented by a class Buffer.  This class has a single field of type Queue.  A constructor of this class accepts an int parameter and initializes the queue to a CircularArrayQueue with a capacity of the parameter.  Use method isFull and isEmpty in class CircularArrayQueue to implement method isFull and isEmpty in class Buffer.  Use method enqueue in class CircularArrayQueue to implement a method add in class Buffer, which adds a Signal to the Buffer.  Because we will always make sure the queue is not full before adding a Signal to the rear of the queue, this add method should catch the FullQueueException itself, but not throw it.  Similarly, use method dequeue in class CircularArrayQueue to implement a method remove in class Buffer, which removes the front Signal object from the queue.  Exception EmptyQueueException is also caught inside this method.

The next class we need is class Processor.  This class has three instance fields:  A field of type boolean is called idle.  It has a value true if the processor is idle.  A field of type Signal is a reference to the signal current being processed by this processor, which is null if the processor is idle.  A field startingTime of type double represents the time when the signal starts to be processed.  If the processor is idle, set this field to Double.POSITIVE_INFINITY.  A method isIdle returns the value of the field idle.  Two get-methods return the signal being processed and the starting time respectively.  Write a method process in this class to process a given signal starting from a given time.  Write a method finish to reset the fields of the processor and return the signal that has just been processed.

Now comes the main challenge of this question.  Write a class SignalProcessingSystem.  This class has four fields:

Processor p1, p2;

Buffer b1, b2;

A constructor of this class accepts two int parameters.  This constructor initializes the processors by default constructor of class Processor and uses the parameters to initialize the buffers.

A method called simulate is defined in this class to simulate the work of a signal processing system.  This method accepts four double parameters:  one parameter is used to determine the length of the simulation period; the second parameter gives the mean of the inter-arrival time of the signals; the third parameter gives the mean of the processing time of processor 1; the last parameter gives the mean of the processing time of processor 2.  
This method simulates the operation of the system.  Use a variable, called nextSignal, to store the next signal to arrive at the system.  This variable is initialized by the first signal.  Use a loop to run until no more signals are to arrive at the system, and both processors are idle.  
In each pass of the loop, first find three numbers:  the time when the next signal will arrive, the time when processor 1 finishes process the signal currently in processor 1, and the time when processor 2 finishes process the signal currently in processor 2.  Depending on which time is the earliest, deal with the earliest event.
If the earliest event is the arrival of the next signal, look at buffer b1.  If b1 is full, this signal got lost.  If b1 is not full, look at p1.  If p1 is idle, this signal is processed by p1; if p1 is not idle, this signal is added to b1.  In any of these cases, the next signal is generated.  If the arrival time of the next signal is greater than the simulation period, set the next signal to null.

If the earliest event is that p1 finishes processing a signal, call method finish in class Processor to reset p1.  If b1 is not empty, the front signal in b1 is removed from b1, and p1 starts processing this new signal.  The finished signal is sent to p2.  If b2 is empty, this signal is lost.  If b2 is not empty, and p2 is idle, this signal is processed by p2 immediately.  Otherwise, this signal is added to b2.
If the earliest event is that p2 finishes processing a signal, call method finish in class Processor to reset p2.  If b2 is not empty, the front member of b2 is removed, and p2 starts processing this new signal.  For the finished signal, we have to accumulate the statistics, i.e, the time this signal spent in the system, and the total number of signals processed.  
At the end of this method, the statistics are calculated and output to the screen.

To facilitate testing, you should include output in this method to indicate which event is taking place at which time.  

Testing:  Use a class called Test to test your program.  In the test stage, use a short simulation period with a total of approximately 10 signals, use fixed seeds in random number generators, and output all events during the simulation.  A sample test class is provided.  In this test class, we use seed 12345 for inter-arrival time generator, seed 1 for processingTime1 generator, and seed 4 for processingTime2 generator.  Processing time mean of p1 is 0.8, and processing time mean of p2 is 0.98.  Buffer size of b1 is 3 and buffer size of b2 is 2.  The output is saved in file output.txt.  Using provided test class with method simulation in your class SignalProcessingSystem and the same seeds of the random number generators, you should see exactly the same output.  After you have the same output using the provided test class, change the seeds of the random number generators, processing time means, buffer size, and inter-arrival time mean.  Check the output file line by line to see if the program works as you expected.  

When you are sure that the program is fine, comment out all the output of the intermediate output statements, (which makes your program run much faster), and use a constructor without parameter to create class Random objects.  Simulate the operation of a system with inter-arrival time 1, and simulation period 1,000,000.  Run your program for a number of times, say 10, with different processing times, and buffer sizes.  Copy the output to a txt file, and submit it with your program.  A sample output file will be provided.  Your program should have similar results.

Marking Scheme.

Question 1.  (35 marks)

Design and implementation of the program:  30 marks

Class MazeTest:  5 marks

Question 2.  (55 marks)

Class Signal:  8 marks

Class Buffer:  4 marks

Class Processor:  13 marks

Class SignalProcessingSystem:  25 marks

Class Test and testing results:  5 marks

10 more marks are awarded for the readability, organization, style, and appropriate comments, of your program.
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