Detailed Syllabus for TCSS 343 in the New Curriculum (Autumn 2005)

The primary goals of the course are:

1. Knowledge of fundamental algorithms and algorithmic design techniques.

2. Ability to reason about programs (correctness, performance, elegance) using formal and informal methods.

3. Ability to apply algorithmic concepts via program implementation.

Prerequisites: TCSS 342, TCSS 322.

Topics covered
1. Fundamentals of algorithm analysis

a. RAM model

b. Big oh notation, worst case and best case analysis

c. proof techniques: proof by contradiction, proof by induction

d. logarithms, exponents, summations, modular arithmetic

e. pseudocode

2. Algorithmic design techniques

a. Brute-force, exhaustive search

b. Divide-and-conquer

i. mergesort, quicksort, binary search

ii. large integer multiplication, Strassen's matrix multiplication

c. Decrease-and-conquer

i. selection sort

ii. depth-first search, breadth-first search, topological sort

iii. interpolation search

d. Transform-and-conquer

i. presorting: finding the mode, element uniqueness

ii. Horner's rule, exponentiation

iii. string matching algorithms

e. Dynamic programming

i. optimal binary search trees

ii. 0-1 knapsack

f. Greedy algorithms

i. Prim's algorithm, Kruskal's algorithm

ii. Dijkstra's algorithm

g. Lower bounds and limits of computation

i. information-theoretic lower bound for comparison-based sorting

ii. bucket sort, radix sort

iii. P, NP, NP-completeness


Alternatively, the material in the course can be organized as a mixture of problem types and algorithmic techniques.  For example,

· Searching and sorting algorithms

· Divide-and-conquer technique

· Greedy technique

· Dynamic programming technique

· String matching algorithms

· Numerical algorithms

· Graph algorithms

· Lower bounds, NP-completeness

3. Algorithm analysis

a. Correctness

b. Performance

c. Recurrence relations

Characteristics of a below average (C) outgoing student

1. Has knowledge of fundamental algorithms and algorithm design techniques.

2. Has knowledge of the running times of  fundamental algorithms.

3. Can read and write pseudocode to describe simple algorithms.

4. Rudimentary ability to implement complicated algorithms in a programming language.

Characteristics of an average (B) outgoing student

All of the above and the following:

1. Can design variations of the fundamental algorithms to solve different but similar problems.

2. Given a simple algorithm, can explain why it is correct and can analyze its running time.

3. Rudimentary competency to compare and contrast algorithmic alternatives.

4. Competency in implementing complicated algorithms in a programming language.

Characteristics of an above average (A) outgoing student

All of the above and the following:

1. Given a problem description, can generate different algorithmic alternatives, evaluate their relative goodness, and make choices among the alternatives.

2. Superior ability to analyze, reason about, and implement algorithms.

Sample Syllabus

	
	topics covered
	readings
	homework

	Week 1
	Course overview; Mathematical review; Big-Oh notation; fundamentals of algorithm analysis; insertion sort, binary search
	Ch. 1, 2
	

	Week 2
	Brute-force algorithms; divide-and-conquer algorithms; recurrence equations
	Ch. 3, 4
	hw #1 due

	Week 3
	Divide-and-conquer algorithms; recurrence equations, continued
	
	hw #2 due

	Week 4
	MIDTERM 1; Decrease-and-conquer: depth-first search, breadth-first search; topological sort; variable-size decrease algorithms
	Ch. 5
	

	Week 5
	Transform-and-conquer: presorting, Horner's rule, binary exponentiation; string matching algorithms
	Ch. 6, 7
	hw #3 due

	Week 6
	Dynamic programming: 0-1 knapsack, optimal static binary search trees
	Ch. 8
	hw #4 due

	Week 7
	MIDTERM 2; Dynamic programming, wrapup; Greedy algorithms: minimum spanning trees, uptrees
	Ch. 9
	

	Week 8
	Greedy algorithms: shortest path algorithms
	
	hw #5 due

	Week 9
	Huffman codes; other graph problems
	
	

	Week 10
	lower bound arguments; P, NP, NP-completeness
	Ch. 10
	hw #6 due


The readings are from Introduction to the Design and Analysis of Algorithm by Anany Levitin, Addison-Wesley, 2003.

Another possible text is Algorithm Design by Michael Goodrich and Roberto Tamassia, John Wiley and Sons, 2002.

Grading: Homework (25%), six quizzes (10%), two midterms (15% each), final exam (35%).

