GGS 650: Introduction to GIS Programming and Algorithms (3 credits)
Fall 2025 online hybrid class (Wednesdays 7.20-8.35 pm synchronous meeting with asynchronous learning in your own pace)
Course Description | Pre-requisite | Required Textbooks | Course Learning Outcomes | Technology Requirements | Course-specific Software| Course Schedule | Assignments and Grading | Canvas Login Instructions | University Policies and Resources |
Instructor:  Chaowei Phil Yang
Email: cyang3@gmu.edu (this is the best way to reach instructor)
Office Hours:  
10 homework weeks: 
Mondays 11-11.30am in person Exploratory Hall 2211

Thursday s 5.30-6.30 Virtual using the same zoom link as we have our synchronous meeting

Project weeks (tentative) after Wednesday 7.20-8.35 pm meeting with asynchronous learning in your own pace) meeting, I will be there as long as you need if you come during this time window. You can also email me to setup ad hoc meetings with 12 hours notice, but I will try to meet with you as soon as I can.
Important dates for the semester

	First Day of Fall Classes:
	Mon. Aug 25

	Last Day to Submit Domicile Reclassification Application
	Mon. Aug 25

	Last Day to Add: All Individual Sections Forms Due
	Tue. Sept 2

	Labor Day: University Closed
	Mon. Sept 1

	Last Day to Drop: With 100% Tuition Refund
	Mon. Sept 8

	Last Day to Drop: With 50% Tuition Refund
	Tue. Sept 16

	Unrestricted Withdrawal Period: 100% Tuition Liability
	Wed. Sept 17 - Tue. Sept 30

	Fall Break (Classes Do Not Meet)
	Mon. Oct 13

	Selective Withdrawal Period - Undergraduate Students Only (100% Tuition Liability)
	Wed. Oct 1 - Mon. Oct 27


	Incomplete Work from Spring/Summer 2025 Due to Instructor
	Fri, Oct 24

	Incomplete Grade Changes from Spring/Summer 2024 Due to Registrar
	Fri. Oct 31

	Election Day No Classes (University Closed)
	Tue. Nov 4

	Thanksgiving Recess: No Classes (University Closed)
	Wed. Nov 26 - Sun. Nov 30

	Dissertation/Thesis Deadline
	Fri. Dec 5

	Last Day of Class
	Mon. Dec 8

	Reading Day(s): Reading days provide students with additional study time for final examinations. Faculty may schedule optional study sessions, but regular classes or exams may not be held.
	Tue. Dec 9

	First Day of Fall Classes:
	Mon. Aug 25


Course Description
Fundamental Knowledge: How to find the centroids, perimeter, or area of a polygon? How can the system tell that the two lines cross each other? How can the system determine if the two polygons overlap and by how much? How are geographical surfaces represented? How to derive their properties (inter-visibility, aspect, etc.)? This course addresses these fundamental GIS questions.

In this course, we learn to program using object-oriented language, Python (an integrated programming language for ArcGIS). A comprehensive programming training process including computer programming, programming syntax, data types, data structure, control structures, and an integrated programming environment (such as Python native programming tool)  will be introduced within 1/2 of the course.

Application and Integration: We will also examine several technical aspects of GIS related to algorithms. These include some fundamental concepts in computational geometry, computer graphics, common analytical algorithms used in GIS environment, and features represented by points, lines, polygons, and volumetric objects. Algorithms related to surface modeling will also be addressed. ArcGIS and related extensions from ESRI will be used as examples for interpreting the internal GIS functions and provide a commercial software environment for programming. The course will provide hands-on experiences by implementing some algorithms. 

Project, Exam, and Homework: A term project, and mid-term exam, and 10 homework will help students develop the skill and capability to understand programming and implement spatial algorithms. Students will also develop an in-depth understanding of the geographic system internal organization and operations in related to spatial data handling and analysis. Potentially students will develop the ability to solve geographically related problems at the programming and algorithm level.

Pre-requisite

Any introductory GIS course, and blind typing. The class will have a lot of programming exercises, and we do not have time to wait for slow typing.

Required Textbooks
Book: Introduction to GIS Programming and Fundamentals with Python and ArcGIS, CRC Press, 1st Edition, by Chaowei Yang

Course Learning Outcomes

1. Write computer code with Python
2. Develop programming thinking skills
3. Understand the initial internal algorithms and structure using a miniGIS package 

4. Develop and add tools in ArcGIS

5. Prepare programming skills for advanced GIS classes, such as WebGIS and Spatiotemporal Data Structure
Technology Requirements 

Technology. You will need a reliable computer and internet access to view course materials in Canvas. 

Hardware: You will need admin access to a Windows computer with at least 16 GB of RAM and access to a fast and reliable broadband internet connection (e.g., cable, DSL). A larger screen is recommended for better visibility of course material. You will need speakers or headphones to hear recorded content and a headset with a microphone is recommended for the best experience. For the amount of Hard Disk Space required taking a distance education course, consider and allow for:

· the storage amount needed to install any additional software and

· space to store work that you will do for the course.
Software: You will need a browser and Windows that are listed compatible or certified with the Canvas version available on the Canvas Login. See supported browsers and operating systems. Log in to myMason to access your registered courses. Some courses may use other learning management systems. Check the syllabus or contact the instructor for details. Online courses typically use Acrobat Reader, Flash, Java, and Windows Media Player, QuickTime and/or Real Media Player. Your computer should be capable of running current versions of those applications. Also, make sure your computer is protected from viruses by downloading the latest version of Symantec Endpoint Protection/Anti-Virus software for free here. 

We will use zoom for synchronous online instruction part. Please test your computer to make sure it supports Zoom. 
Note: If you are using an employer-provided computer or corporate office for class attendance, please verify with your systems administrators that you will be able to install the necessary applications and that system or corporate firewalls do not block access to any sites or media types.

Course-specific Software

· Python online tutorial, Python (latest stable version)
· ArcGIS student learning version and license
Course Schedule
	Weeks/Modules (Monday-Sunday)
	Materials
	ASSIGNMENTS
	Due Dates

	Module 1

08/27-9/2
	Class overview; Introduction to Python language; Revisit GIS fundamental elements: point, line, and polygon

 
	Online Introduction #1:

Read Chapter 1

Quiz 1

Home work #1
	Initial post by Wednesday 11:59 PM;  Complete by Friday 11:59 PM; Response by Sunday
Due by Sunday 11:59PM

Due by Tuesday 11:59 PM

	Module 2

09/3-09/9
	Introduction to Object-Oriented Programming; Python syntax introduction: variables, data types, statements, and control structure;
	Read Chapter 2 (Discussion)
Quiz 2

Home work #2
	Initial post by Wednesday 11:59 PM;  Complete by Friday 11:59 PM; Response by Sunday
Due by Sunday 11:59PM

Due by Tuesday 11:59 PM

	Module 3

09/10-09/16
	Python syntax continued: data types continued, functions and modules. 
	Read Chapter 3
Quiz 3

Homework #3


	Initial post by Wednesday 11:59 PM;  Complete by Friday 11:59 PM; Response by Sunday
Due by Sunday 11:59PM

Due by Tuesday 11:59 PM

	Module 4

09/17-09/23
	Python language control structure, file input/output, and exception handling. 
	Read Chapter 4
Quiz 4

Homework 4 


	Initial post by Wednesday 11:59 PM;  Complete by Friday 11:59 PM; Response by Sunday
Due by Sunday 11:59PM

Due by Tuesday 11:59 PM

	Module 5

09/24-09/30
	Programming Thinking and Vector Data Visualization. 
	Read Chapter 5
Quiz 5

Homework 5 


	Initial post by Wednesday 11:59 PM;  Complete by Friday 11:59 PM; Response by Sunday
Due by Sunday 11:59PM

Due by Tuesday 11:59 PM

	Module 6

10/1-10/7
	Shapefile handling
	Read Chapter 6
Homework 6


	Initial post by Wednesday 11:59 PM;  Complete by Friday 11:59 PM; Response by Sunday
Due by Tuesday 11:59 PM

	Mid-term Module

10/8-10/14
 
	Mid-term Exam. Initial Project Options given.


	Mid-term 


	Time: TBD 



	Module 7

10/15-10/21
	Python programming environment: Python IDLE, Pycharm installation, third-party library installations.
	Read Chapter 7
Homework 7


	Initial post by Wednesday 11:59 PM;  Complete by Friday 11:59 PM; Response by Sunday
Due by Tuesday 11:59 PM

	Module 8

10/22-10/28
	Vector data algorithms. 

 
	Read Chapter 8
Homework 8


	Initial post by Wednesday 11:59 PM;  Complete by Friday 11:59 PM; Response by Sunday
Due by Tuesday 11:59 PM

	Module 9

10/29-11/4
	ArcPy Programming Introduction.

 
	Read Chapter 9
Homework 9


	Initial post by Wednesday 11:59 PM;  Complete by Friday 11:59 PM; Response by Sunday
Due by Tuesday 11:59 PM

	Module 10

11/5-11/11
	Raster data processing: indexing, compression, area calculation, reclassification; Surface data processing: DEM, TIN, contours, slope, aspect, flow direction, etc.
	Read Chapter 10, 11
Homework 10


	Initial post by Wednesday 11:59 PM;  Complete by Friday 11:59 PM; Response by Sunday
Due by Tuesday 11:59 PM

	Module 11

11/12-11/18
	Network Data Algorithms
	Read Chapter 12
	Initial post by Wednesday 11:59 PM;  Complete by Friday 11:59 PM; Response by Sunday

	Module 12

11/19-11/25
 
	Advanced python GIS programming: 3 use cases for mastering several commonly used third-party libraries, such as numpy, matplotlib, and optionally mayavi, basemap, etc.
	 
	Initial post by Wednesday 11:59 PM;  Complete by Friday 11:59 PM; Response by Sunday

	Module 13

11/26-12/2
	Performance improvements in GIS programming (may combine with next week)
	Read chapter 13

 


	Initial post by Wednesday 11:59 PM;  Complete by Friday 11:59 PM; Response by Sunday

	Module 14

12/3-12/9
	Advanced GIS Programming Topics
	Read chapter 14
	Initial post by Wednesday 11:59 PM;  Complete by Friday 11:59 PM; Response by Sunday

	Project Module

By December 10th
	Synchronous Project Presentation 7.20pm- 
	Project report & presentation slides
	Due by December 10th, by 11:59pm


Assignments and Grading Scale
· Homework: 10 times, total 50 points with 5 points each

· Mid-term exam: 20 points (given in the 7th or 8th week)

· Term project: 20 points, with project report 15 points and presentation 5 points

· Class Activity Attendance (10 points)
· Synchronous session participation: 5 points (deduct 0.5 point for each missed)

· Module forum participation: 5 points (deduct 0.5 point for each not participated)
Late Assignments: All assignments must be turned in on the due date given on the assignment sheet. 

AI Statement: This course assumes that work submitted by students – all process work, drafts, brainstorming artifacts, final works – will be generated by the students themselves, working individually or in groups as directed by class assignment instructions. This policy indicates the following constitute violations of academic honesty: a student has another person/entity do the work of any substantive portion of a graded assignment for them, which includes purchasing work from a company, hiring a person or company to complete an assignment or exam, and/or using generative AI tools (such as ChatGPT).
Canvas Login
Instructor-Student Communication: I will respond to your emails within 24 hours. If I will be away from email for more than one day, I will post an announcement in the Canvas course folder. Before sending an email, please check the following (available on your Canvas course menu) unless the email is of a personal nature:

· Syllabus 

· Contact your instructor
Feel free to respond to other students in the forums if you know the answer.

Canvas Login & Instructions

Please follow this linked resource Canvas Login
University Policies and Resources
a. Academic Honesty: You are expected to be familiar with and abide by the University’s Honor Code. The Code can be found here. It is your responsibility to see me if you have questions about these policies. George Mason University has an honor code that states the following: 

To promote a stronger sense of mutual responsibility, respect, trust, and fairness among all members of the George Mason University community and with the desire for greater academic and personal achievement, we, the student members of the University Community have set forth this: 

b. Students must follow the university policy for Responsible Use of Computing 

c. Student services:  The University provides range of services to help you succeed academically and you should make use of these if you think they could benefit you. I also invite you to speak to me (the earlier the better).

d. Students are responsible for the content of university communications sent to their George Mason University email account and are required to activate their account and check it regularly. All communication from the university, college, school, and program will be sent to students solely through their Mason email account.
e. Other student rights and responsibilities can be found online.  
f. The George Mason University Counseling and Psychological Services (CAPS) staff consists of professional counseling and clinical psychologists, social workers, and counselors who offer a wide range of services (e.g., individual and group counseling, workshops and outreach programs) to enhance students’ personal experience and academic performance.   Counseling Center: Student Union I, Room 364, 703-993-2380.   
g. Students with disabilities who seek accommodations in a course must be registered with the George Mason University Office of Disability Services (ODS) and inform their instructor, in writing, at the beginning of the semester.  All academic accommodations must be arranged through that office. Please note that accommodations MUST BE MADE BEFORE assignments or exams are due. I cannot adjust your grade after the fact.

h. Students must follow the university policy stating that all sound emitting devices shall be turned off during class unless otherwise authorized by the instructor.

i. The George Mason University Writing Center staff provides a variety of resources and services (e.g., tutoring, workshops, writing guides, handbooks) intended to support students as they work to construct and share knowledge through writing. University Writing Center:  Robinson Hall Room A114, 703-993-1200.  The writing center includes assistance for students for whom English is a second language.

j. Diversity: George Mason University promotes a living and learning environment for outstanding growth and productivity among its students, faculty and staff. Through its curriculum, programs, policies, procedures, services and resources, Mason strives to maintain a quality environment for work, study and personal growth. 
k. Religious Holiday Calendar: George Mason University recognizes major religious holidays that Mason students may recognize.
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