
COSC 4P03 – Advanced Algorithms
Winter 2017

Term Paper/Project Guidelines

Due date: Monday, April 24  5PM    NO LATE DATE

Every student has the option of either writing a term paper  or doing a programming 
project, with appropriate documentation, on an advanced topic related to algorithms. In 
both cases the work must be done individually.  

Term Paper Guidelines:

In the term paper, you should review and compare closely related material on a topic of 
your choice, but subject to approval by the instructor. As a rough guideline, you may 
consider 4 research papers and/or sections of books, although this certainly may vary 
considerably depending on the material chosen. The term paper should be approximately 
14-16 pages in length, including examples and references. Organization is important. You 
will be penalized for an essay that is low on content and/or does not get to the point. The 
text should be single-spaced in a 10-12-point font, and printed on a good-quality printer.

Programming Project Guidelines:

The project may take several forms, for example:
• Design and implementation of an algorithm to solve a specific  problem or set of 

problems, or
• Comparison of performance and/or possible applications of two or more algorithms.
• Other possibilities may be discussed with the instructor.

In all cases, you must provide, as part of your submission:
• Electronic  copies  of  all  source  code  and  other  material  necessary  to  run  your 

program(s), and

• The report. The report for a programming project should be formatted like a journal 
or conference paper – abstract, introduction, results, conclusions and future work. It 
does not have to be IEEE or any other formal structure as long as it follows the same 
general order. It should be about 7-8 pages in length.

Project Requirements:

Projects  should be written using Latex.  This  is  a skill  that you  will  need if  you  are 
planning on attending graduate school. In fact, it is a skill that you will need if you ever 
intend to submit a paper to a Scientific Journal or Conference. Projects which use a word 
processor instead of Latex will be penalized 10%. Your project must have a cover page 
specifying the topic title, and your name and ID#. You must place this material in an 



envelope with a signed COSC cover page. You must also submit your paper or project 
documentation to turnitin.com. Further instructions will be provided at a later date. 

If  your project has a programming component, then you must submit the program to 
MOSS. You can submit it as assignment 4.

Proposal: To be submitted no later than March 17, 2017.

The instructor will be more than willing to discuss the suitability of a specific topic, or to 
help develop an idea for a project, in advance of this deadline. Once you have chosen a 
term paper topic or project area, you must submit the following directly to the instructor 
(in person or by e-mail) no later than March 17, 2017:

• Name, ID# and e-mail address,
• The title of the topic/project, and
• A brief (1-2 paragraph) description of what is to be covered.

The instructor will process the proposals in the order received, and thus topic selection is 
granted on a first-come, first-served basis. A list of approved topics will be listed on the 
course website as they come in. 

Topic Guidelines:

This course has served as an introduction to several different areas. The goal of the term 
paper or project is to expand your knowledge in one of these areas of your choice – 
essentially, advanced material that we did not have time to cover in class. Here is a list of 
topics you might consider as a starting point. This list is certainly not exhaustive. 

Dynamic programming:
• Implementation for specific (difficult) problems
Greedy Algorithms:
• Theoretical aspects (e.g. matroids)
• Performance of greedy algorithms for specific problems
Combinatorial algorithms:
• Combinatorial generation
• Bounding functions
• Different types of heuristic searches
• Isomorphism (equivalence)
Cryptography:
• Specific cryptographic systems
• Cryptanalysis of 1 or more cryptographic systems
• Signature schemes
• Pseudo-random numbers

For inspiration, you may also wish to look at the list on the last page, as this contains 
some of the approved topics from past offerings of this course.

Mark Distribution (35 marks total):



20 marks for the project.
10 for the seminar (which need not be on the same topic).
5 for attendance at seminar presentations.

Marking Criteria: Projects will be marked based on their level of difficulty, as well as 
on the results.  A student  who picks a simple topic  and implements  it  perfectly  will 
probably get a lower mark than a student who chooses a difficult topic and implements it 
with a few errors. For example, one very popular project topic in this course has been 
solving Sudoku with backtracking. This is not a difficult problem. I have a friend who 
teaches C++ programming at Seneca College who sometimes gives this as an assignment 
problem to  his  second year  class.  So even if  you  implement  this  perfectly,  with  an 
attractive GUI and a professional looking report, the best you can expect is probably a B-.
Having said this, the most common mistake I have seen students make with projects is 
selecting a topic that is too difficult  and too time consuming and then failing to get 
anything at all  completed. Be sure you select  a topic that is doable within your  time 
constraints!

The following is a list of previous projects that I thought had a high level of difficulty.

Elliptic Curve Diffie Hellman with DES . Elliptic curve is an added level of complexity 
on top of Diffie Hellman. This was not a toy implementation but used big integer class to 
permit the use of large numbers. DES was the student's own implementation, not from a 
library. Communication was over blue tooth devices.

Finding hard Sudoku puzzles.  Three different methods were used, and for each both a 
top down and bottom up strategy was tested. This is a much more difficult problem than 
just solving Sudoku.

A comparison of algorithms for solving the TSP. The student looked at five different 
algorithms and compared the results. A large amount of coding was required as well as a 
large amount of experimentation to find optimal parameter values. The implementation 
also had an attractive GUI.

Cryptanalysis of substitution cipher using particle swarm optimization. The particle 
swarm needed to be converted from continuous to discrete. The student built up his own 
library of bigrams, trigrams, complete words etc. to calculate the fitness with. A lot of 
experimentation with different parameter values was necessary. The program used a GUI.

Solving  Sudoku  with  a  Genetic  Algorithm.  This  sounds  simple,  but  Sudoku  is  a 
difficult problem to solve with a GA. (Some authors have termed the problem GA hard.) 
The student had to devise methods to prevent the algorithm from becoming stuck in local 
optima.

You will  notice that all of the above examples are programming projects. While it is 
possible for a literature review to have a high level of difficulty, I did not think that any 
of the papers I marked in the last two years met that standard.



Projects with a programming component will be marked on program class structure and 
organization, and on proper commenting. All papers will be marked for proper grammar, 
sentence structure, spelling, organization, etc.

Approved Term Paper and Project Topics from the Past
(in no particular order)

• Image Recognition/Processing Algorithms
• Solving Sudoku with a Genetic Algorithm
• Java Implementation of RSA with Primality Testing
• Designing an Automated Control System Using C#
• Diffie-Hellman key exchange
• Solving Sudoku using backtracking
• Steganography implementation
• Solving nonograms using backtracking
• Mahjong hand building strategies using backtracking
• Cryptanalysis of substitution cipher using particle swarm optimization
• Finding hard Sudoku puzzles
• Lossy audio compression algorithms
• Empirical analysis of codings for image compression
• Elliptic Curve Diffie Hellman with DES implementation
• Winnable solitaire generation
• Algorithms in computational geometry
• A Comparison of Algorithms for solving the TSP 
• Enigma and Lorenz – Cryptanalysis
• Quantum, Chemical and DNA Computing 
• Breaking RSA
• Lossy Image Compression
• Convex Hull Algorithms Analysis
• Binary Space Partitioning Trees and their application to Computer Graphics
• Solving Sudoku Quickly
• Compression Algorithms
• Heuristic Searches for Logic Minesweeper
• NTRU, Pailler and XTR Cryptosystems
• Pseudo-Random Number Generators
• Pathfinding in Games
• Algorithms used in Computing Distances between Genomes
• Pattern Matching Algorithms
• Huffman Codes and Improvements
• Terrain Rendering Algorithms
• El Gamal Cryptosystem
• Optimal Codes



• Heuristics applied to Rubik's Cube
• Algorithms for Data Mining 
• Heuristic Searches: N-Puzzle Board 
• Dynamic Programming for Parallel Computation Problem 
• Matroid theory in algorithmic combinatorial optimization 
• A Comparative Look at Terrain Rendering Algorithms
• An exploration of various algorithms for part-nesting and packing problems 
• Realistic animations from multiple animation clips
• A Comparative Summary of Genetic Sequence Alignment Algorithms
• Digital Signature Schemes
• Solution of HuaRongDao Game
• Elliptic Curve Cryptography
• Cryptanalysis of DES
• Huffman Encoding Algorithms for Compression
• Pathfinding in games
• Key Distribution in Cryptography
• Optimal Cutting of Wood
• Analysis of Polygon Reduction Algorithms
• BCH Codes
• Authentication Schemes


