	Department
	Computer Science

	Course Coordinator
	Dr. Amar Mukherjee

	Course Number
	COT 5520

	Credit Hours
	3(3,0)      

	Course Title
	Computational Geometry

	Prerequisites 
(by Topic)
	Senior standing with background on design and analysis of algorithms. Open to all graduate students

	Catalog 
Description
	Geometric searching,  point location, convex hulls, proximity problems, Voronoi diagrams, spanning trees, triangulation, intersection, arrangements, applications..

	Textbook(s)
	. M. de Berg, M. van Kreveld, M. Overmars, O. Schwarzkopf, `` Computational Geo metry Algorithms and Applications", Springer-Verlag, 1999.

	References
	. F.P.Preparata and M.I.Shamos, ``Computational Geometry : An Introduction" Springer-Verlag,1985. (Out of print?) This is the classic text on Computational Geometry 
 Joseph O'Rourke, ``Computational Geometry in C", Cambridge University Press ( 1995 reprint). 





	Grading Policy
	Homework: 35%

Midterm Exam: 25%

Term project: 20%

Final Exam: 20%

5-6 Homework Problem Sets. 

Exams are closed notes and closed book.  


Course Goals: (numbered list)

The goal of the course is to teach the fundamental paradigms for designing efficient algorithms dealing with collections of geometric objects such as points, lines, line segments, planes, or higher dimensional objects.

Major Topics Covered in the Course: (numbered list)

1.  Introduction: Classical Geometries; Computational Geometry; DCEL (doubly connected edge list); Preliminary concepts: line,line segment,polygon,simple polygon,convex polygon,kernel,triangulation,planar graph equations,right,left, above,below computation; geometric duality; computational real RAM. 
2. Convex Hulls: Definition. Graham scan; lower and upper bound; Jarvis's march,Divide and Conquer algorithm; Preparata-Hong algorithm; Mergehull; Dynamic Convex Hull algorithms; Higher Dimensional Convex Hull. 3-dimensional convex hull; gift wrapping method. 

3. Geometric Searching Problems: Location problems and Range Search Problems; polygon inclusion; Planar point location problem: slab method; chain method, regularization of a graph;Kirkpatrick's triangle search method. Range search problems: locus method; K-D tree method; direct access method; range tree method .Range tree for d-dimension. 

4. Proximity Problems: Closest Pair Problem;All Nearest Neighbor Problem; Voronoi Diagram; Properties of Voronoi diagram; Construction of Voronoi Diagram; Relationship between Voronoi diagram and other proximity problems; Closest Pair algorithm; Farthest Pair Problem and algorithm. 

5.  Triangulation: Euclidean minimum spanning tree; Construction of EMST via Delaunay Triangulation; traveling salesman problem. 

6. Triangulation methods: Delaunay triangulation; greedy algorithm; Other methods; Constrained Triangulation; Triangulation of Simple polygon. 

7. Intersection Problem: line intersection problem: line segment intersection algorithm in two dimensions; intersection of convex polygons; intersection of Half Spaces and relation to two-variable linear programming. Rectangle Intersection Problem. 

Laboratory projects (specify number of weeks on each):  (numbered list)

Not Applicable.

Estimate CSAB Category Content

	
	CORE
	ADVANCED
	
	
	CORE
	ADVANCED

	Data Structures
	
	50%
	
	Computer Organization 
and Architecture
	
	

	Algorithms Software Design
	
	50%
	
	Concepts of Programming Languages
	
	


Oral and Written Communications:

Every student is required to submit written reports. 

Every student is required to submit oral presentations. 

Every student is required to submit at least  __1___  written reports (not including exams, tests, quizzes, or commented programs) of typically  __20___  pages and to make  ___1__  oral presentations of typically  _25____  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:

Not Applicable.

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.

The entire course is theoretical and the list of major topics given above is same as the list of theoretical material. Each topic takes approximately two weeks( 4 lectures of duration 1 hour 15 minutes).

Problem Analysis

Students are given seven or eight homework problem sets covering each of the major topic areas and the most important construction algorithms.  Homework exercises are comprehensive and are given as examples of and preparation for the types of problems they will be asked to solve on exams.  Exams are closed book and closed notes.  Two exams are given: a midterm anda final. Exams are comprehensive coverage of all material tested since the previous exam.  The Final exam is comprehensive. Each student has to work on a term project developing an implementation of a compression algorithm with practical applications. A final report and a presentation for the term project are also required. 

Please describe the analysis experiences common to all course sections.

Solution Design

Solutions to all problem sets and exams are discussed in the class.

Please describe the design experiences common to all course sections.
