
ECE406 Algorithm Design and Analysis Winter 2015

Course Motivation: Algorithms provide methods for solving problems, and are at the foundation
of computing. It is important that practitioners in electrical and computer engineering understand
how algorithms are designed, and how to analyze them for correctness and efficiency. It is important
also to be able to distinguish intractable problems from ones that are tractable so one does not
naively seek efficient solutions when none may exist. For cases that are intractable, it is important
to know how to design approximate solutions that satisfy bounds on correctness and efficiency.
Industry has long recognized the critical importance of algorithms that are correct and efficient.

Instructor: Prof. Stephen L. Smith (stephen.smith@uwaterloo.ca; Office: E5 5112).

Course Outline: Design and analysis of efficient, correct algorithms. Advanced data structures,
divide and conquer algorithms, recurrences, greedy algorithms, dynamic programming, graph
algorithms, search and backtrack, inherently hard and unsolvable problems, approximation and
randomized algorithms, and amortized analysis.

The following is a more detailed description of the material covered in the class and the
corresponding chapters of the text. Note that not all sections of each chapter will be covered.

Topic Chapter in Text Duration

Introduction to algorithms Chapter 0 1 hours

Factoring, primality, cryptography Chapter 1 5 hours

Divide and conquer algorithms Chapter 2 5 hours

Graphs, decompositions and depth-first search Chapter 3 3 hours

Paths in graphs: Dijkstra’s alg, priority queues Chapter 4 4 hours

Greedy algorithms: MST, MP3 encoding, set cover Chapter 5 4 hours

Dynamic Programming: Shortest paths, knapsack Chapter 6 4 hours

Inherently hard problems: LPs, NP-completeness, reductions Chapters 7, 8 6 hours

Intelligent exhaustive search and approximation algorithms Chapter 9 4 hours

Textbook: The main (and required) text for the course is

1. S. Dasgupta, C. Papadimitriou, and U. Vazirani, Algorithms, McGraw-Hill, 2008.

The following textbooks may also be useful for additional information on subjects:

1. T. H. Cormen, C. E. Leiserson, R. L. Rivest, and C. Stein, Introduction to Algorithms, MIT
Press, 2009

2. J. Kleinberg and E. Tardos, Algorithm Design, Addison Wesley, 2005.

Recommended Background: Some background in data structures, graphs, random number
generation, and probability. Also, in analyzing the correctness and runtime of algorithms, we will
use some basic mathematical reasoning/proofs such as induction.


