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Course Title
Design and Analysis of Algorithms

Catalog Description 
Develops competencies associated with problem-solving, algorithms, and computational models. Explores algorithms analysis and design, and computational complexity. Includes efficient algorithms, models of computation, correctness, time and space complexity, NP-complete problems, and undecidable problems. 

Prerequisite: a minimum grade of 2.0 in TCSS 342 

Preconditions
· Apply calculus and algebra skills (limits, derivatives, integrals, algebraic manipulation of polynomial, logarithmic and exponential functions).
· Recognize and use mathematical formalisms (e.g., sets, logic, proof).
· Recognize and use common summation forms (e.g., arithmetic series, geometric series).
· Translate problem descriptions into mathematical formalisms.
· Manipulate (procedural knowledge) and apply mathematical formalisms to solve problems.
· Adapt or extend an implementation of a data structure.
· Analyze the worst- and average-case time and space complexity of the operations in common implementations of the data abstractions and structures.
· Analyze the worst-case time complexity of code that uses data abstractions in the canonical set.
· Compare and contrast time/space characteristics of different implementations of the same data abstraction.
· Select data abstractions, structures, and implementations that a developer would use in solving larger problems and defend the appropriateness of these choices.
· Understand how memory is allocated and accessed in the RAM model.
· Design brute force/exhaustive search algorithms.

 
Student Learning Goals (to be added to syllabus handed out to students)
[bookmark: _heading=h.gjdgxs]By the end of the course, students should be able to:
· Recognize and apply different algorithm design techniques (including divide-and-conquer, dynamic programming, and greedy approaches).
· Analyze the running times of iterative and recursive algorithms.
 

CSS Degree Student Learning Outcomes that this course contributes to (to be added to syllabus handed out to students)
A. Analyze a complex computing problem and to apply principles of computing and other relevant disciplines to identify solutions.

B. Design, implement, and evaluate a computing-based solution to meet a given set of computing requirements in the context of the program’s discipline.

F. Apply computer science theory and software development fundamentals to produce computing-based solutions.

UWT Student Learning Goals that this course contributes to (to be added to syllabus handed out to students)
Inquiry and Critical Thinking
Students will acquire skills and familiarity with modes of inquiry and examination from diverse disciplinary perspectives, enabling them to access, interpret, analyze, quantitatively reason, and synthesize information critically.
Communication/Self-Expression
Students will gain experience with oral, written, symbolic and artistic forms of communication and the ability to communicate with diverse audiences. They will also have the opportunity to increase their understanding of communication through collaboration with others to solve problems or advance knowledge.

Topics covered
1. Fundamentals of algorithm analysis
a. Big oh notation, worst case, best case, average case analysis
b. finding upper and lower bounds on summations 
c. pseudocode
d. guess and prove bounds on recurrences using the recursion tree method, the substitution method, the Master Theorem and proof by induction
2. Algorithmic design techniques (what problems discussed is at the instructor’s discretion; representative algorithms within each category are listed below)
a. Divide-and-conquer
i. insertion sort, selection sort, mergesort, quicksort, binary search
ii. Quickselect
iii. exponentiation
iv. large integer multiplication, Strassen's matrix multiplication
b. Dynamic programming
i. basic 1-dimensional (e.g. job selection) and 2-dimensional problems
ii. longest common subsequence, longest common substring, Levenshtein edit distance
iii. subset sum, partition, 0-1 knapsack
c. Greedy algorithms
i. coin changing
ii. maximum non-overlapping set, interval scheduling
iii. Prim's algorithm, Kruskal's algorithm
iv. Dijkstra's algorithm
3. Introduction to complexity theory
a. P, NP, NP-completeness
b. Well Known NP-complete problems
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