





Instructor:
Dr. John M. Shea jshea@ece.ufl.edu

Graph Theory in Communications and Networks
EEL 6935, Sections CAMP, 1FE2, 2FED
Class Periods: Monday/Wednesday/Friday Period 4, 10:40 AM – 11:30 AM
Location: MAE-A 327
Academic Term: Spring 2025
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(352)575-0740 (Text messaging is encouraged for short questions or to schedule an appointment) Office Hours: Mondays 1PM–2PM and Thursdays 10:30AM–11:30 AM or by appointment
Teaching Assistant/Peer Mentor/Supervised Teaching Student:
None

Course Description
(3 credits) Students will learn a variety of topics in the area of graph theory and complex networks, along with their relevance and applications to problems in communications and networks. The course will focus on algorithms and their implementation.

Course Pre-Requisites / Co-Requisites
EEE 5544 and some previous programming experience, such as in MATLAB, Python, C/C++, etc.
Course Objectives
Upon completion of this course, the student should be able to:
· Use graphs to model problems in communications and networks.
· Use Python or other computer languages to implement a wide variety of algorithms on graphs.
· Understand and apply algorithms on graphs to solve problems in communications and networks.

Materials and Supply Fees
N/A
Required Textbooks and Software
· Textbook: Jonathan L. Gross and Jay Yellen, Graph Theory and its Applications, Chapman & Hall/CRC Press, 3rd ed., 2019.

· Software: Students will need to use Python and Jupyter Notebook to complete the course activities. The Anaconda distribution is free for academic use and has almost any package you need for scientific computing. It is available at https://store.continuum.io/cshop/anaconda/

· Additional Reference: M. E. J. Newman, Networks: An Introduction, Oxford University Press, 1st ed., 2010.

Required Computer
UF student computing requirement: https://news.it.ufl.edu/education/student-computing-requirements-for-uf/

Course Schedule
(As time allows:)

Part I: Introduction and Fundamental Concepts
1. Introduction to Graph Theory
· Definitions, types of graphs (directed, undirected, weighted)
· Random graphs: Erd˝os-R´enyi
· Graph terminology (vertex, edge)
2. Graph Representations, Paths, Cycles, Connectedness
· Adjacency table, adjacency matrix (Section 2.6)
· Incidence table, incidence matrix (Section 2.6)
· Paths, cycles, degree
· On your own: 1.2 Common Families of Graphs
3. Degree Sequences and Applications
· Degree sequences
· Graphic sequences and Havel-Hakimi algorithm
· Constructing simple graphs from graphic sequences
· Examples of Graphs in Applications
4. Walks, eccentricities, connectedness
· Walks and directed walks
· Distance, eccentricity, diameter and radius
· Application: Delay in computer networks
5. Connectedness, Trails, and Paths
· Connected and strongly connected
· Trails and paths
6. Cycles and Trees
Cycles, acyclic graphs, Hamiltonian cycles and graphs
· Application: Traversing a route: Seven Bridges of K¨onigsberg
· Trees
7. Special Guest Lecture
8. Graph Isomorphism
· Graph isomorphism automorphism, and symmetry

· Tests for non-isomorphism
· Applications: Protecting IP for electrical designs
9. Subgraphs
· Subgraphs
· Spanning trees, cliques, and independent sets
· Induced subgraphs
· Graph cuts
· Applications: Robustness of communication networks
10. Trees: Definitions, Properties, Tree-Graphic Sequences
· Properties of trees
· Tree-graphic sequences
11. Special Types of Trees
· Directed trees, rooted trees, ordered trees, binary trees

Part II: Advanced Graph Techniques and Algorithms
12. Search Trees
· Search trees
· Application: Binary search trees
13. Tree Encoding
· Pru¨fer Sequences, Encoding and Decoding
14. Tree Growing
15. Search Algorithms
· Breadth-First Search (BFS)
· Depth-First Search (DFS)
Application: Finding an optimal route through a communication network
16. BFS and Shortest Paths, Steiner Trees
· BFS for finding shortest paths
· Steiner trees
· Application: Finding an optimal route through a communication network
17. Minimum Spanning Trees
· Finding a minimum spanning tree (Prim’s algorithm)

18. Dominating sets
· Domination, dominating sets, and connected dominating sets
· Application: Broadcasting in wireless networks
19. Finding Cut Edges
· Finding cut edges in a graph
· Application: Identifying weaknesses in a power distribution network
20. Vertex- and Edge-Connectivity
· Vertex cuts and edge cuts
· Edge connectivity, k-connected
· Application: Reliable communication networks
21. Shortest Path Algorithms – Part I
· Dijkstra’s algorithm
22. Shortest Path Algorithms – Part II
· Bellman-Ford algorithm
23. Gray Codes and Traveling Salesman Problem
· Gray codes and application to communications
· Traveling salesman problems
24. Network Flows and Cuts
· Definitions and Properties
25. Max Flows and Min Cuts
Ford-Fulkerson method
· Max-Flow Min-Cut Theorem
26. Graph Colorings
· Vertex colorings
· Map colorings
· Application: Time or frequency assignments in a wireless network
27. Matching and Bipartite Graphs
· Maximum matching in bipartite graphs
· Applications in job assignments and resource allocation
28. Connectivity and Components

· Strongly and weakly connected components
· Tarjan’s algorithm
29. Special Guest Lecture
30. Centrality Measures and Community Detection
· Degree centrality, closeness centrality, betweenness centrality
· Algorithms for community detection, modularity optimization
· Application: Community detection in social networks

Part III: Spectral Graph Theory
31. Graph Laplacian
· Definition and examples
· Properties
32. Spectral Properties of Graph Laplacian
· Eigenvalues and eigenvectors of Graph Laplacian
· Spectral Properties for Special Graphs
33. Application: Analysis of Resistor Networks
34. Spectral Embeddings
· Drawing graphs using spectral techniques
35. Fiedler Value
Fiedler value and connectivity
· Fiedler value for special graphs
36. Optimal Binary Cuts
· Balanced Cut
· Ratio Cut
37. Spectral Cut and Relation to Cheeger’s Cut
38. Random Walks and First Passage Times

Part IV: Project Presentations (Lectures 39 and 40)

Attendance Policy, Class Expectations, and Make-Up Policy
Attendance is not taken. However, participation is 15% of the grade, and students that do not participate during the class need to make up for that by participating in other ways.

Excused absences must be consistent with university policies in the Graduate Catalog (https://catalog.ufl.edu/graduate/regulations) and require appropriate documentation. Additional information can be found here: https://gradcatalog.ufl.edu/graduate/regulations/

Evaluation of Grades
	Assignment
	Percentage of Final Grade

	Homeworks
	25%

	Mini-Project
	25%

	Final Project
	35%

	Participation
	15%

	
	100%



Homeworks: Homeworks will consist of short problems assigned in class. Students should not use AI agents to solve homeworks unless explicitly permitted to.
Mini-Project: Choose any lecture and develop a better version. Examples include:
1. Find a new data set or application. The new data set/application should either be better matched to an ECE course or more interesting than whatever example was previously used in class. Update the lecture to apply the techniques from that lecture to the new data set/application.
2. Develop better visualizations or an HTML interactive experience to better explain some algorithm or technique.
Projects must be approved in advance by the professor. Students are allowed to use ChatGPT or other AI agents to develop ideas and to help with coding, etc.

Final Project: Write a 5-page paper that explores any graph-theory topic not covered in class. Topics must be approved in advance by the professor. Give a 15–20 minute presentation on the topic.
Participation includes all class-related interaction with the instructor (such as in class, in office hours, via email), as well as contributing to discussions on Slack.
Grading Policy

	Percent
	Grade
	Grade Points

	90.0 - 100
	A
	4.00

	87 - 89.9
	B+
	3.33

	80.0 - 86.9
	B
	3.00

	77.0 - 79.9
	C+
	2.33

	70 - 76.9
	C
	2.00

	60.0 - 69.9
	D
	1.00

	0 - 59.9
	E
	0.00



More information on UF grading policy may be found at: UF Graduate Catalog
Grades and Grading Policies

Students Requiring Accommodations
Students with disabilities who experience learning barriers and would like to request academic accommodations should connect with the disability Resource Center by visiting https://disability.ufl.edu/students/get-started/. It is

important for students to share their accommodation letter with their instructor and discuss their access needs, as early as possible in the semester.

Course Evaluation
Students are expected to provide professional and respectful feedback on the quality of instruction in this course by completing course evaluations online via GatorEvals. Guidance on how to give feedback in a professional and respectful manner is available at https://gatorevals.aa.ufl.edu/students/. Students will be notified when the evaluation period opens, and can complete evaluations through the email they receive from GatorEvals, in their Canvas course menu under GatorEvals, or via https://ufl.bluera.com/ufl/. Summaries of course evaluation results are available to students at https://gatorevals.aa.ufl.edu/public-results/.

In-Class Recording
Students are allowed to record video or audio of class lectures. However, the purposes for which these recordings may be used are strictly controlled. The only allowable purposes are (1) for personal educational use, (2) in connection with a complaint to the university, or (3) as evidence in, or in preparation for, a criminal or civil proceeding. All other purposes are prohibited. Specifically, students may not publish recorded lectures without the written consent of the instructor.

A “class lecture” is an educational presentation intended to inform or teach enrolled students about a particular subject, including any instructor-led discussions that form part of the presentation, and delivered by any instructor hired or appointed by the University, or by a guest instructor, as part of a University of Florida course. A class lecture does not include lab sessions, student presentations, clinical presentations such as patient history, academic exercises involving solely student participation, assessments (quizzes, tests, exams), field trips, private conversations between students in the class or between a student and the faculty or lecturer during a class session.

Publication without permission of the instructor is prohibited. To “publish” means to share, transmit, circulate, distribute, or provide access to a recording, regardless of format or medium, to another person (or persons), including but not limited to another student within the same class section. Additionally, a recording, or transcript of a recording, is considered published if it is posted on or uploaded to, in whole or in part, any media platform, including but not limited to social media, book, magazine, newspaper, leaflet, or third party note/tutoring services. A student who publishes a recording without written consent may be subject to a civil cause of action instituted by a person injured by the publication and/or discipline under UF Regulation 4.040 Student Honor Code and Student Conduct Code.


University Honesty Policy
UF students are bound by The Honor Pledge which states, “We, the members of the University of Florida community, pledge to hold ourselves and our peers to the highest standards of honor and integrity by abiding by the Honor Code. On all work submitted for credit by students at the University of Florida, the following pledge is either required or implied: “On my honor, I have neither given nor received unauthorized aid in doing this assignment.” The Honor Code (https://sccr.dso.ufl.edu/process/student-conduct-code/) specifies a number of behaviors that are in violation of this code and the possible sanctions. Furthermore, you are obligated to report any condition that facilitates academic misconduct to appropriate personnel. If you have any questions or concerns, please consult with the instructor or TAs in this class.

Commitment to a Safe and Inclusive Learning Environment
The Herbert Wertheim College of Engineering values varied perspectives and lived experiences within our community and is committed to supporting the University’s core values, including the elimination of discrimination. It is expected that every person in this class will treat one another with dignity and respect regardless of race, creed, color, religion, age, disability, sex, sexual orientation, gender identity and expression, marital status, national origin, political opinions or affiliations, genetic information, and veteran status.

If you feel like your performance in class is being impacted by discrimination or harassment of any kind, please contact your instructor or any of the following:
· Your academic advisor or Graduate Coordinator
· HWCOE Human Resources, 352-392-0904, student-support-hr@eng.ufl.edu
· Pam Dickrell, Associate Dean of Student Affairs, 352-392-2177, pld@ufl.edu
· Toshikazu Nishida, Associate Dean of Academic Affairs, 352-392-0943, nishida@eng.ufl.edu

Software Use
All faculty, staff, and students of the University are required and expected to obey the laws and legal agreements governing software use. Failure to do so can lead to monetary damages and/or criminal penalties for the individual violator. Because such violations are also against University policies and rules, disciplinary action will be taken as appropriate. We, the members of the University of Florida community, pledge to uphold ourselves and our peers to the highest standards of honesty and integrity.
Student Privacy
There are federal laws protecting your privacy with regards to grades earned in courses and on individual assignments. For more information, please see: https://registrar.ufl.edu/ferpa.html

Campus Resources:
Health and Wellness
U Matter, We Care:
Your well-being is important to the University of Florida. The U Matter, We Care initiative is committed to creating a culture of care on our campus by encouraging members of our community to look out for one another and to reach out for help if a member of our community is in need. If you or a friend is in distress, please contact umatter@ufl.edu so that the U Matter, We Care Team can reach out to the student in distress. A nighttime and weekend crisis counselor is available by phone at 352-392-1575. The U Matter, We Care Team can help connect students to the many other helping resources available including, but not limited to, Victim Advocates, Housing staff, and the Counseling and Wellness Center. Please remember that asking for help is a sign of strength. In case of emergency, call 9-1-1.

Counseling and Wellness Center: https://counseling.ufl.edu, and 392-1575; and the University Police Department: 392-1111 or 9-1-1 for emergencies.
Sexual Discrimination, Harassment, Assault, or Violence
If you or a friend has been subjected to sexual discrimination, sexual harassment, sexual assault, or violence contact the Office of Title IX Compliance, located at Yon Hall Room 427, 1908 Stadium Road, (352) 273-1094, title-ix@ufl.edu

Sexual Assault Recovery Services (SARS)
Student Health Care Center, 392-1161.
University Police Department at 392-1111 (or 9-1-1 for emergencies), or http://www.police.ufl.edu/.


Academic ResourcesE-learning technical support, 352-392-4357 (select option 2) or e-mail to Learning-support@ufl.edu.
https://elearning.ufl.edu/.
Career Connections Center, Reitz Union, 392-1601. Career assistance and counseling; https://career.ufl.edu.

Library Support, http://cms.uflib.ufl.edu/ask. Various ways to receive assistance with respect to using the libraries or finding resources.


Teaching Center, Broward Hall, 392-2010 or 392-6420. General study skills and tutoring. https://teachingcenter.ufl.edu/.

Writing Studio, 302 Tigert Hall, 846-1138. Help brainstorming, formatting, and writing papers. https://writing.ufl.edu/writing-studio/.
Student Complaints Campus: https://sccr.dso.ufl.edu/policies/student-honor-code-student-conduct-code/;https://care.dso.ufl.edu.
On-Line Students Complaints: https://distance.ufl.edu/getting-help/; https://distance.ufl.edu/state-authorization-status/#student-complaint.

