COSC 1P03: Assignment 2

Distance Functions

Due: Feb. 17th 2012 @12:00 noon

Late: Feb. 22nd 2012 @12:00 noon

Object

To gain experience in abstraction, exceptions, packages, and executable jars.

Background

A distance function, or metric, operates on two lists of values (or characters) to express how 'close' or 'far' they are from each other. There are too many different types of metrics to cover in this assignment, so you'll be implementing three common, helpful ones.

Hamming Distance

If one considers two strings (or sequences of numbers, etc), then the Hamming Distance between those two strings is the number of characters that differ (for identical positions) between those two strings.

	C
	O
	C
	A
	
	Hamming Distance=1

	0
	0
	1
	0
	
	

	C
	O
	L
	A
	
	


Manhattan Distance

The Manhattan Distance between two strings of symbols doesn't represent the number of symbols that differ, but rather by how far they differ. In the example below, L is 9 characters above C, and D is 3 characters above A.

	C
	O
	C
	A
	
	Manhattan Distance=12

	0
	0
	9
	3
	
	

	C
	O
	L
	D
	
	


Euclidean Distance

This is, of course, the basic mathematical calculation you've used many times before (finding the distance between two points in 2-dimensional space, 3-dimensional space, or even N-dimensional space).

It can be performed with numbers:

	0
	3
	
	Euclidean Distance=((1-0)2+(2-3)2)½=1.414

	1
	-1
	
	

	1
	2
	
	


Or even characters:

	C
	O
	C
	A
	
	Euclidean Distance=(('C'-'C')2+('O'-'O')2+('L'-'C')2+('D'-'A')2)½=9.49

	0
	0
	9
	3
	
	

	C
	O
	L
	D
	
	


More formally, if x and y represent the two vectors: 
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The Assignment

For this assignment, you will have three primary tasks. The first will be to create a set of concrete classes that all implement the provided DistanceMetric interface. You must implement one to calculate Hamming Distances, one to calculate Manhattan Distances, and one to calculate Euclidean Distances.

The supplied interface details the requirements, but they're included here for easy reference: Each must be able to calculate distances as integers (round down for Euclidean) and doubles, and check whether or not two provided sequences are identical. Additionally, each must have a toString function that returns a quick explanation of that metric. As a special requirement, you must create a DistanceException to extend RuntimeException. If the two provided sequences are of unequal length, thus disallowing any of the metrics as defined above, the program must throw a DistanceException with an appropriate message identifying the problem. All components that you write for this portion must belong to the same distances package as the included DistanceMetric interface.

The second task will be to take your implemented classes, as well as the original interface, and package them into a .jar file. You will then write a test harness that fully tests the functionalities of the metrics. Note that the test harness will not be part of the same package. Rather, it will be part of a different package, and will need to import your new distances package. Output the results of all tests to an ASCIIDisplayer. See below for a possible sample execution.

The third task is the easiest. Most people who wish to execute a program do not want to first load an IDE, and then run a project. Rather, they want to run a pre-bundled application that they can simply double-click to run. After you've created your test harness, you'll need to create another .jar for it. However, though most IDEs can ensure that your .jar is executable, it will still rely on the separate distances and BasicIO libraries.

JPackIt is a simple tool that, when provided with a main jar and the appropriate dependencies, can package everything up into an executable .jar that doesn't rely on any additional libraries.

The tool is included in the same folder as the provided interface, as well as on their SourceForge project page. Use it to create a single .jar file that doesn't need your distances library or the BasicIO library to execute.

Sample Execution:

Testing
Hamming Distance: Number of elements that aren't equal.

A Values: 
1 
2 
3 
4 
5 

B Values: 
2 
3 
4 
5 
6 

Integer Distance:
5

Floating Distance:
5.0

Equality:
false

A Values: 
2 
3 
4 
5 
6 

B Values: 
2 
3 
4 
5 
6 

Integer Distance:
0

Floating Distance:
0.0

Equality:
true

A Values: 
1 
2 
3 
4 
5 

B Values: 
1 
2 
3 
4 
5 
6 

Exception:
Structures are of unequal sizes!

A Values: Dave

B Values: Earl

Integer Distance:
3

Floating Distance:
3.0

Equality:
false

A Values: Earl

B Values: Earl

Integer Distance:
0

Floating Distance:
0.0

Equality:
true

A Values: Dave

B Values: Joseph

Exception:
Structures are of unequal sizes!

---------------------------------------------

Testing
Manhattan Distance: Sum of absolute values of distances between elements.

A Values: 
1 
2 
3 
4 
5 

B Values: 
2 
3 
4 
5 
6 

Integer Distance:
5

Floating Distance:
5.0

Equality:
false

A Values: 
2 
3 
4 
5 
6 

B Values: 
2 
3 
4 
5 
6 

Integer Distance:
0

Floating Distance:
0.0

Equality:
true

A Values: 
1 
2 
3 
4 
5 

B Values: 
1 
2 
3 
4 
5 
6 

Exception:
Structures are of unequal sizes!

A Values: Dave

B Values: Earl

Integer Distance:
12

Floating Distance:
12.0

Equality:
false

A Values: Earl

B Values: Earl

Integer Distance:
0

Floating Distance:
0.0

Equality:
true

A Values: Dave

B Values: Joseph

Exception:
Structures are of unequal sizes!

---------------------------------------------

Testing
Euclidean Distance: Geometric distance in nth-dimensional space.

A Values: 
1 
2 
3 
4 
5 

B Values: 
2 
3 
4 
5 
6 

Integer Distance:
2

Floating Distance:
2.23606797749979

Equality:
false

A Values: 
2 
3 
4 
5 
6 

B Values: 
2 
3 
4 
5 
6 

Integer Distance:
0

Floating Distance:
0.0

Equality:
true

A Values: 
1 
2 
3 
4 
5 

B Values: 
1 
2 
3 
4 
5 
6 

Exception:
Structures are of unequal sizes!

A Values: Dave

B Values: Earl

Integer Distance:
8

Floating Distance:
8.12403840463596

Equality:
false

A Values: Earl

B Values: Earl

Integer Distance:
0

Floating Distance:
0.0

Equality:
true

A Values: Dave

B Values: Joseph

Exception:
Structures are of unequal sizes!

However, before going doing such exhaustive testing, it might be more appropriate to simply test basic functionality for their most likely uses:

Distance between {M,O,E} and {M,O,O}:


1 character.

10 Manhattan.

Equality of Strings and their reversed representations (palindrome):

MADAMIMADAM
true

MADAMI'MADAM
false

Euclidean Distances:

Points 1 (1,1) -> 2 (4,1):
3.0

Points 2 (4,1) -> 3 (4,5):
4.0

Points 3 (4,5) -> 1 (1,1):
5.0

Points 1 (2,5,4) -> 2 (1,6,3):
1.7320508075688772

Tips:

· Remember that Java is capable of directly subtracting characters from each other (e.g. 'c'-'a' yields 2).

· Refer to the Java API Specifications to see how to create a Character array from a String, and how to reform a String from a Character array. Knowing this will facilitate code reuse.

· After you create your distances.jar, you'll need to tell your IDE to include it when you create your test harness project. However, even then, you'll still need to remember an import line in your source file.

· When writing your test harness, know that the sample execution above is not the only way to do it. It's most important to adhere to the spirit, and fully verify that your software functions correctly, including appropriate reporting of contract violations (exceptions). The specific implementation of your harness is far less important.

Marking Scheme

Marks will be highly dependent on properly following instructions. Specifically, proper use of exceptions and libraries is mandatory. Additionally, remember that good coding practices are always important, and don't write more code than is necessary. Reuse is highly encouraged.

Submission

You'll need to submit this assignment both physically and electronically. Make sure you wrote your software so it can run on the lab computers.

Your submission will likely be easier if you include your distances project in one subfolder, your test harness project in another subfolder, and your fully-bundled executable jar in a third subfolder.

Physical: Print out all of your source code. Make sure your name and student number are included at the top (in commenting). Also, include a printout of a sample execution, and label that with your name and student number. Once you have everything assembled, staple it together, along with a departmental cover page ( http://www.cosc.brocku.ca/forms/cover ) with your student number on it. If you don't believe all the pages will stay stapled, you may put it in a large (9x12”) envelope, but make sure you then include a cover page on the front of the envelope.

Electronic: Create a single folder on your Z: drive (say, Assign2). All of your source files will go into this folder. Also, include an electronic copy of your report in this folder. Next, connect to sandcastle:

· From Windows:

· Use PuTTY to connect to sandcastle.cosc.brocku.ca

· From Linux:

· Use SSH to connect to sandcastle.cosc.brocku.ca

Navigate to your submission folder (e.g. cd Assign2).

Run the submission script: submit1p03

Make sure you tell it the correct assignment you're submitting for.

JCreator and other IDEs

1P03 is not concerned with which IDE you use. However, all final submissions should run under either JCreator or Dr. Java. JCreator is preferred. Electronic submission must include all files, including the project file for the appropriate IDE.

Other Platforms

If you are using an IDE other than JCreator, you must bring your Java source code (.java) file for the assignment to the lab, copy them to your network disk, create a JCreator or Dr. Java project for them, add the source file to the project, compile and run, etc.
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