
CS499: Geometric Computing Fall 2014

Lecture 01 — August 27, 2014
Prof. Jyh-Ming Lien Scribe: —

1 Overview

Welcome to CS499 Geometric Computing. In this lecture I will talk about: What is geometric
computing (a.k.a. computational geometry)? To given an answer to this question, I will try to
cover many applications and provide you a set of resources available in the computational geometry
community including software, webpages, and conferences/journals. We will go over the syllabus
and focus on the possible applications and projects that we will have for this course. Finally, we
will study our first computational geometry problem: computing convex hull.

2 Syllabus

This lecture is organized in to several lectures and student presentations. There will be quizzes,
assignments and a final project. Please check your GMU email and our course webpage frequently
for announcements and updates. Our course webpage is located at:

http://cs.gmu.edu/∼jmlien/teaching/cs499-GC/

2.1 Prerequisite

CS583 or instructor’s approval, which means you should know:

• sorting algorithms — quick sort, merge sort, . . .

• graph algorithms — shortest paths, connected components, graph coloring, . . .

• basic data structures — lists, trees, graphs, . . .

• algorithm design techniques — divide-n-conquer, incremental improvement, . . .

• algorithm analysis techniques — asymptotic notations, recursion, complexity classes . . .

• Working knowledge of C/C++

• Will be helpful but not necessary if you have experiences on openGL or DirectX or equivalent.
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2.2 Textbook

• Computational Geometry in C by Joseph O’Rourke (Cambridge University Press; 2008 edi-
tion, ISBN # 978-3-540-77973-5)

• (not required) Computational Geometry: Algorithms and Applications by Mark de Berg,
Marc van Kreveld, Mark Overmars, and Otfried Cheong, third revised edition, Springer-
Verlag, 2008. ISBN # 3-540-65620-0. (You can also use the second edition; the differences
are pretty minimum.) You can also download the entire book (legally, from Springer).

• In addition, we may study papers from various journals and conferences; these will be made
available electronically.

2.3 Grading

• Assignments — 50%: There will be homework assignments and programming assignments;
see Section 2.4 for detail.

• Quizzes (and possibly a midterm exam) — 20%

• Course project presentations (proposal and final) — 30%

2.4 Assignments and Projects

All required assignments and projects should be completed by the stated due date and time. The
total score of your assignment score will be 10 points less every extra day after the due date (i.e.,
the 100 total points will become zero after 10 days pass the due date).

2.4.1 Homework assignments

There will be several short homework assignments. They will typically be assigned during one class
and due at the beginning of the next class. Generally, they will relate to material covered in class
that day/week.

2.4.2 Programming assignments

There will three to four programming assignments. Part of the source code (in C/C++) will be
given. The results of these assignments will be shown during the class.

2.4.3 Final project

The goal of the project is to study in depth some issue related to computational geometry. The
final project is likely to be implementation and experimental studies of known algorithms. Project
topics will be given by the instructor by the end of the first month of the course (date will be set).
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2.5 Course Outcome

At the end of this semester, the students will:

• Understand the basic data structures and algorithm design strategies used in computational
geometry

• Understand the issues in implementation of geometric algorithms, such as robustness and
degeneracies

• Become familiar and comfortable with computational problems in areas, such as robotics and
graphics.

• Become familiar and comfortable with computational resources and tools for solving geometric
problems.

2.6 Policies

You can have three late days in total during the entire semester. Otherwise, all required assignments 
should be completed by the stated due date and time. The total score of your assignment score will be 
10 points less every extra day after the due date (i.e., the 100 total points will become zero after 10 
days pass the due date).
Please note that all coursework is to be done independently (expect the collaborative final project).
Plagiarizing the homework will be penalized by maximum negative credit and cheating on the
exam will earn you an F in the course. See the GMU Honor Code System and Policies at
http://www.gmu.edu/catalog/acadpol.html and http://cs.gmu.edu/wiki/pmwiki.php/HonorCode/HomePage.
You are encouraged to discuss the material BEFORE you do the assignment. As a part of the inter-
action you can discuss a meaning of the question or possible ways of approaching the solution. The
homework should be written strictly by yourself. In case your solution is based on the important
idea of someone else please acknowledge that in your solution, to avoid any accusations.

The quiz and exam will be a closed book exam - no notes will be allowed.

3 What is this course about?

Computational Geometry is a study of algorithms and data structures for geometric objects.
Geometric objects/problems are everywhere, thus computational geometry has many applications
in the real world. For example, imaging you are given a box and 10 objects and you are asked
to pack these 10 objects into the box. How do you know if these 10 objects will fit into the box?
Even if you are told that you can pack these objects into the box, how do you know how to arrange
these objects so that they can fit into the box? You may think this is a trivial problem. However,
this problem, called the packing problem, is extremely difficult and occurs in domains such as
manufacturing, transportation and robotics. In this section, we will look at some more applications
and also resources that can help you succeed in this class.
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3.1 Applications

See the power-point slides (will be posted online) for detail.

• Computer graphics: rendering, animation, video games

• Solid modeling (CGS: Constructive Solid Geometry)

• Geometric processing: model simplification, compression, deformation

• Robotics: motion planning, manipulating

• Sensor network

• GIS: Geographic information system

• Origami design: folding and unfolding

• CAD/CAM prototyping

• Bioinformatics

• . . .

3.2 Scopes

1. Polygon Triangulations

2. Polygon Partitioning

3. 2D Convex hull

4. 3D Convex hull

5. Voronoi Diagrams and Delaunay Triangulations

6. Arrangements and Duality

7. Search (Point location)

8. Intersections (segment-segment, segment-triangle, polygon-polygon, n segments, n polygons)

9. Robot Motion planning

10. Additional topics (K-d tree, Range tree, Binary space partitions and Quadtree/Octree)

3.3 Resources

There are lots of resources that you can find today on the Internet via Google. Here are just a few
more important links to the software, webpages and publications.
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3.3.1 Software

Here are just a few well known libraries: CGAL (computational geometry algorithm library),
LEDA (combinatorial and geometric computing), Qhull (convex hull, voronoi, halfspace intersec-
tion), FIST (triangulation), VCGLib (mesh processing), GTS (mesh processing), OOPSMP (motion
planning) . . .

Note: Major CG libraries (such as the ones listed above, and the major graphics and game libraries)
are coded in C/C++. It is absolutely important that you have working knowledge of C/C++ before
you decide to stay in this class. We will be using some of these libraries for the assignments.

3.3.2 Webpages

• Source code from you textbook

• Graphics Gems

• Real-Time Rendering Resources (many geometric processing related stuff)

• Geometry in Action and Geometry Junkyard (maintained by David Eppstein)

• Computational Geometry Page (maintained by Jeff Erickson)

• Computational Geometry on Web (maintained by Godfried Toussaint)

• The Open Problems Project (maintained by Erik Demaine, Joseph Mitchell and Joseph
O’Rourke)

3.3.3 Data

These are places you can get free data to play with during your free time. Most of these are from
academia. There are many more from game development sites.

• Princeton 3D model search engine

• Brown Mesh Set

• The Stanford 3D Scanning Repository

• Large Geometric Models Archive, Georgia Tech

• AIM@SHAPE Shape Repository

• Google 3D warehouse
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http://shapes.aimatshape.net/
http://sketchup.google.com/3dwarehouse/


3.3.4 Conferences and Journals

Journals:

• Computational Geometry: Theory and Applications

• Computational Geometry & Applications

• Discrete & Computational Geometry

Conferences:

• Proceedings of the ACM Symposium on Computational Geometry

• Proceedings of the Canadian Conference on Computational Geometry

• . . .
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