Detailed Syllabus for TCSS 342 in the New Curriculum (Autumn 2005)

The primary goals of the course are:

1. Increase the set of programming tools and techniques, with an emphasis on data structures and basic algorithms.

2. Knowledge and application for when to employ the appropriate data structure to solve a programming problem.

3. Experience with designing and implementing larger programs than in previous courses (1000 lines or more), either individually or in a group.

4. Increased familiarity with abstractions used to reason about programs (in the context of formalisms such as the RAM model, big oh notation, abstract data types).

Prerequisites: TCSS 305 (may be take concurrently), TCSS 321, one quarter of calculus, and one quarter of calculus-based physics.

Topics covered
1. Mathematical tools for program 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

2. Data structures

a. linear structures: lists, stacks, queues

b. trees, binary trees, binary search trees, balanced binary search trees

c. hash tables

d. heaps

e. external memory data structures: B-trees

f. graphs

g. basic abstract data types: List ADT, Dictionary ADT, Priority Queue ADT, Disjoint ADT (optional)

3. Basic algorithms

a. searching and lookup: binary search, tree searching, hash table lookup

b. traversal: tree traversal (preorder, inorder, postorder), graph traversal (depth-first search, breadth-first search)

c. sorting: insertion sort, heapsort, mergesort, quicksort

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

e. breaking the lower bound: bucket sort, radix sort

f. graph algorithms (optional): topological sort, shortest path algorithms, minimum spanning tree algorithms

General Student Postconditions

1. Experience with designing and implementing programs of significant size (about 1000 lines), using appropriate data structures, code organization, and documentation.

2. Familiarity with formal methods of program analysis: worst-case analysis and its influence on choices of data structures, algorithms, and program design.

Characteristics of a below average (C) outgoing student

1. Able to implement and document a mediocre quality, medium complexity (about 1000 lines) program when given guidance for how to design and implement it.

2. Knowledge of data structures, abstract data types, and basic algorithms: how they are defined, how they work.

3. Knowledge of when to employ appropriate data structures that have been discussed in the course.

Characteristics of an average (B) outgoing student

All of the above and the following:

1. Able to implement and document an above average quality, medium complexity (about 1000 lines) program when given some guidance for how to design and implement it.

2. Understanding of when to employ appropriate data structures in situations that are simple variations of those described in the course.

3. Has rudimentary ability to generate and evaluate different design alternatives based on the criteria described in the course.

4. Has rudimentary ability to reason about programs abstractly.  This includes formalisms such as the RAM model and big oh notation.

Characteristics of an above average (A) outgoing student

All of the above and the following:

1. Able to implement and document a high quality, medium complexity (about 1000 lines) program when given little guidance for how to design and implement it.

2. Understanding of when to employ appropriate data structures, even in novel situations.

3. Has a strong ability to generate and evaluate different design alternatives based on the criteria described in the course.

4. Has a strong ability to reason about programs abstractly.  This includes formalisms such as the RAM model and big oh notation.

Note: these outgoing characteristics are similar to those of TCSS 305.  The difference is that the outgoing characteristics of TCSS 342 are in the context of the material discussed in TCSS 342.

Sample Syllabus

	
	topics covered
	readings
	homework

	Week 1
	Mathematical review: exponents, logarithms, summations, proof techniques; big oh notation
	Ch. 1
	

	Week 2
	Big oh notation, continued; lists, stacks, queues, concept of an abstract data type
	Ch. 2
	hw #1 due

	Week 3
	Trees: binary trees, tree traversal, binary search trees and algorithms
	Ch. 3
	Project #1 due (lists)

	Week 4
	Balanced binary search trees
	Ch. 4
	hw #2 due

	Week 5
	Hash tables, B-trees
	Ch. 5
	

	Week 6
	Heaps; MIDTERM
	Ch. 6
	Project #2 due (Dictionary operations)

	Week 7
	Graphs: depth-first search, breadth-first search, topological sort
	Ch. 9
	

	Week 8
	Graphs: shortest path (Dijkstra) algorithms (optional)
	
	hw #3 due

	Week 9
	Sorting: mergesort, quicksort
	Ch. 7
	Project #3 due (graphs)*

	Week 10
	Information-theoretic lower bound, bucket sort, radix sort
	
	hw #4 due


* Note that the contents of Project #3 will depend on whether the more advanced graph algorithms (shortest path, minimim spanning tree) are covered.  If they are not covered (which is very likely), then a project that uses the basic data structures should be assigned, or a student-defined project that uses the data structures introduced in this course should be assigned.

The readings are from Data Structures and Algorithm Analysis in Java by Mark Allen Weiss, Addison-Wesley, 1999.

Notes:

1. An alternative ordering of the material could begin with the sorting algorithms and end with the basic data structures.

2. If time permits, minimum spanning tree algorithms and uptrees (Chapter 8) could be discussed.

Grading: Projects and homework (35%), five quizzes (15%), midterm (15%), final exam (35%).

