COURSE DESCRIPTION

Department and Course Number:  CSC/CPE 103
Course Coordinator:  Hasmik Gharibyan

Course Title: Fundamentals of Computer Science III
Course Credits:  4

Current Catalog Description: 

Introduction to data structures and analysis of algorithms. Abstract Data Types. Specification and implementation of advanced data structures. Theoretical and empirical analysis and proofs of properties of recursive and iterative algorithms. Software performance evaluation and testing techniques. 3 lectures, 1 laboratory. Prerequisite: CSC/CPE 102 with a C- grade or better and CSC 141 with a C- grade or better. 
Textbook:   “Data Structures and Algorithm Analysis in Java” by Mark Allen Weiss, Second Edition, Addison-Wesley, 2006, ISBN 0-321-37013-9
References:

Course Goals:   
The student should be able to:

-  describe and/or define the Abstract Data Types (ADT) covered, including lists, stacks, queues, priority queues, binary search trees, AVL trees, hash tables, and graphs
-  understand, explain, and track by hand alternate (iterative, as well as recursive) implementations of methods associated with each ADT
-  analyze for performance the algorithms used for methods in the ADTs, reason about correctness and effectiveness of procedures, compare and contrast array and linked implementations of certain ADTs
-  implement and test each ADT implementation as a generic program

-  use ADTs in software applications

Prerequisites by Topic:

The student should 

-  know a programming language, currently Java, including topics covered in CSC/CPE101-102

-  have problem solving skills and programming experience consistent with the outcomes of  CSC/CPE101-102.  
-  have basic knowledge of Discrete Mathematics (CSC 141), including such topics as: combinatorics, graph theory, recurrence relations, proof techniques, etc. 

Major Topics Covered in the Course:

-  Collections, data structures, Abstract Data Types (ADT) 
-  Introduction to algorithm analysis; O, o, (, (  relationships; working out the abstract running time of iterative, as well as recursive algorithms

-  Iterators; supplying iterators for alternate implementations of List ADT
-  Sorting: insertion sort, heap sort, merge sort, quick sort; implementation and analysis

-  Stack ADT; alternate implementations and analysis

-  Queue ADT; alternate implementations and analysis

-  Priority Queue ADT; heap implementation and analysis

-  Trees. Binary Search Tree ADT; implementation and analysis. AVL trees. 
Traversal strategies: pre-order, in-order, post-order, and level order; supplying an iterator(s) for the binary tree traversal.
-  Hash Table ADT; alternate implementations and analysis
-  Graph ADT; alternate implementations and analysis. 
Graph algorithms: topological sorting, shortest path, Dijkstra’s algorithms; alternate implementations and analysis

 Laboratory Projects:   (specify number of weeks on each)

This course has a lab component which consists of  3 hours of lab sessions per week. These sessions are mostly used for small (usually 1or 1.5 hour) on-computer  programming assignments requiring the implementation and testing (in some cases also the empirical analysis) of algorithms associated with different ADTs, as well as creating applications that use various ADTs. The lab time is also used for classroom exercises, discussions and demonstrations of the efficiency of covered algorithms. 
Additionally, there are 4-5 project assignments (larger programming assignments) each of which requires 1-1.5 weeks of out of class work. 4 project assignments require to implement an ADT (List, Stack/Queue or Priority Queue, Binary Search Tree, and HashTable respectively) with test driver(s) and/or application(s); if applicable, the ADT should provide an iterator to traverse through the collection. A 5-th project may be devoted to the empirical analysis of different algorithms (e.g. different sorting routines).
Estimate CSAB Category Content:

	Category
	Core
	Advanced

	Data Structures
	12
	

	Algorithms
	12
	

	Software design
	4
	

	Computer Organization and Architecture
	
	

	Concept of Programming Languages
	
	


Oral and Written Communications:
Every student is required to submit at least __0___ written reports (not including exams, tests, quizzes, or commented programs) of typically _____ pages and to make __0___ oral presentations of typically _____ minutes duration.  Include only material that is graded for grammar, spelling, style, and so forth, as well as for technical content, completeness, and accuracy.

Social and Ethical Issues:
Please list the topics that address the social and ethical implications of computing covered in all course sections.  Estimate the class time spent on each topic.  In what ways are the students in this course graded on their understanding of these topics (e.g., test questions, essays, oral presentations, and so forth)?

Theoretical Content:
Please list the types of theoretical material covered, and estimate the time devoted to such coverage.

Graph theory is used to introduce Tree and Graph structures. Mathematical Proof techniques are used to prove different structure properties leading to efficient implementations (e.g. tree properties). Summation calculus and series evaluations are used to analyze the abstract time of iterative algorithms, and recurrence relations and their solution techniques are used to analyze the abstract time of recursive routines. Mathematical reasoning is used to compare and contrast alternate implementations of an ADT and/or its algorithms. The time devoted to the listed theoretical material is about 30% of the course. 
Problem Analysis:
Please describe the analysis experiences common to all course sections.

Every ADT covered in this course is thoroughly analyzed; running time estimates are worked out for each basic ADT operation (add, delete, find) and for each ADT related algorithm (e.g. sorting algorithms, graph algorithms). Alternate implementations (if available for an ADT, an operation, or an algorithm) are subjected to detailed analysis – they are compared and contrasted to each other, and the set of advantages and disadvantages of each implementation is drawn.
Additionally, in some lab and project assignments students are required to perform empirical analysis of covered structures and algorithms.
Solution Design:
Please describe the design experiences common to all course sections.

All project assignments are devoted to, and about 85% of  the lab time is spent on creating  software that implements and/or uses the covered ADTs and related algorithms (these are classes implementing ADTs , classes containing ADT-related algorithms, test drivers, and application programs). The software design, as well as the design of test cases for programs are a big part of these assignments.
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