CEES98: Learning Methods for Civil Engineering Fall 2024

Course Syllabus
Instructor Dr. Alireza Talebpour 1206 Newmark Civil Engineering
Assistant Professor ataleb@illinois.edu
Office Hours Mondays 1PM-2PM and Thursdays 1PM-3PM.

Students can also schedule a meeting outside of regular office hours via email.

Course Description

CEES98. Learning Methods for Civil Engineering (4-0). Credit 4. This course will
focus on the fundamentals of learning methods and how they can be applied to
civil engineering applications. This course will cover the following materials:
Markov decision process, partially observable Markov decision process,
reinforcement learning, temporal difference, game theory, genetic algorithm,
simulated annealing, and multi-agent deep reinforcement learning. Note that these
materials will be covered in accordance to civil engineering problems.

Lecture

Wednesdays and Fridays 3:00PM — 4:20PM
Newmark Civil Engineering Bldg. — 1311

Prerequisite

Any 400 Level CEE Class or Equivalent

Basic knowledge of python programming is required. The following free online
courses can provide a good introduction:
https://www.udemy.com/topic/python/free/

Book

Reinforcement Learning: An Introduction
The book is free to download here:
http://incompleteideas.net/book/RLbook2020.pdf

Course Objectives

To provide students with the basic concepts, theory, and practice of utilizing
learning algorithms and methods in civil engineering. At the end of the course the
student should be able to:
e Identify the various learning methods that can be utilized for civil
engineering problems.
e Describe the major issues and challenges of utilizing such methods to
solve civil engineering problems.
e Describe and discuss the fundamental principles and concepts that are
used in these algorithms.

Attendance

Regular attendance and in-class and outside of class participation are expected and
will be graded. Material and discussion associated with all these activities will be
addressed in homework assignments. There will be few short quizzes to document
student attendance and to assess student learning. More information can be found
here:

https://studentcode.illinois.edu/article1/part5/1-501/

Grading

Attendance 10% A = above 90%
Homework 50% B =2801t090%
Project 40% C=70to 80%

D =60 to 70%
F = Belo 60%

Readings

Reading assignments for lectures will be posted online at the start of the semester.
They are also available through syllabus. Students are responsible for the readings
in advance of the class period in which they are discussed. Supplemental reading
materials will also be assigned for some topics.

Project

A portion of your final grade will come from a project. Students will work on their
project throughout the semester and will receive regular feedback from the
instructor. Students are expected to work individually on their projects. Each
project is expected to be related to the topics covered in this course. Students are
expected to submit a final paper along with a proposal, literature review, and two
progress reports.

Grading: The grade students receive for their projects depends on the quality of
the paper and intermediate deliverables. Separate rubrics will be provided to the
student for the final and intermediate deliverables.
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Due dates are indicated in the project description. Projects should be uploaded to
Canvas and late submissions will not be accepted unless excused in accordance
with the University regulations.

Homework

There will be homework assignments. All assignments will be posted at the start
of the semester. All homework assignments are due 11:59PM on the Friday of the
week they are due. Due dates are indicated in the homework description.
Homework assignments should be uploaded to Canvas and late submissions will
not be accepted unless excused in accordance with the University regulations.

Academic Integrity

All students are expected to follow the University’s academic integrity
guidelines. These guidelines can be found here:
https://provost.illinois.edu/policies/policies/academic-integrity/students-quick-
reference-guide-to-academic-integrity/
https://studentcode.illinois.edu/articlel/part4/1-401/

ADA Policy

The Americans with Disabilities Act (ADA) is a federal anti-discrimination statute
that provides comprehensive civil rights protection for persons with disabilities.
Among other things, this legislation requires that all students with disabilities be
guaranteed a learning environment that provides for reasonable accommodation of
their disabilities. If you believe you have a disability requiring an accommodation,
please contact THE DIVISION OF DISABILITY RESOURCES &
EDUCATIONAL SERVICES. Students who wish to obtain special
accommodations for taking exams are required to provide documentation from
Disability Services.

Approximate Course Schedule and Topics

Week 1: Course Intro and Intro to Learning Methods in Civil Engineering

Readings:

o Sutton and Barto's book (Chapters 1 and 2)

Videos:

o https://www.youtube.com/watch?v=2pWv7GOvuf0

Lecture:
o Lectures 1 & 2

Week 2: Introduction to Markov Decision Process (MDP) for Traffic Prediction

Readings:

o Sutton and Barto's book (Chapter 3)
o https://stanford.edu/class/ee365/lectures/mdp.pdf
o https://homes.cs.washington.edu/~todorov/courses/amath579/MDP.pdf

Lecture:
o Lectures 3 & 4

e Project Topic Proposal

Week 3: Case Study |

Exploring the basics of Reinforcement Learning

Week 4: Introduction to Reinforcement Learning (RL) — Part I: Shortest Path Calculation

Readings:

o Sutton and Barto's book (Chapter 3)

Lecture:
o Lectures 5 & 6

Week 5: Introduction to Reinforcement Learning (RL) — Part II: Signal Timing

Readings:

o Sutton and Barto's book (Chapter 4)

Lecture:
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e Lectures 7 & 8
e Project Literature Review

Week 6: Introduction to Reinforcement Learning (RL) — Part IV: Convergence
Readings:
o Sutton and Barto's book (Chapter 5)
Lecture:
o Lectures 9 & 10

Week 7: Introduction to Temporal Difference (TD)
Readings:
o Sutton and Barto's book (Chapter 6)
Lecture:
e Lectures 11 & 12

Week 8: Case Study II
Human-level control through deep reinforcement learning
https://www.nature.com/articles/naturel 4236

Week 9: Partially Observable MDP (POMDP): Decentralized Decision-Making for Autonomous Vehicles
Readings:
o http://cs.brown.edu/research/ai/pomdp/tutorial/
Lecture:
e Lectures 13 & 14
e Project Progress Report I

Week 10: Game Theory — Part |
Readings:
o https://www.ssc.wisc.edu/~whs/gtie.pdf
Lecture:
e Lectures 15 & 16

Week 11: Game Theory — Part II
Readings:
o https://www.ssc.wisc.edu/~whs/gtie.pdf
Lecture:
o Lectures 17 & 18

Week 12: Game Theory — Part 111
Readings:
o https://www.ssc.wisc.edu/~whs/gtie.pdf
Lecture:
e Lectures 19 & 20

Week 13: Genetic Algorithm: Car-Following Model Calibration
Readings:
o http://pages.cs.wisc.edu/~dyer/cs540/notes/ga.html
Lecture:
o Lectures 21 & 22
e Project Progress Report II

Week 14: Simulated Annealing: Car-Following Model Calibration
Readings:
o http://www.maths.lth.se/matematikith/personal/fredrik/kombopt/f1 1 eng.pdf
Lecture:
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o [Lecture 23 & 24

Week 15: Case Study III
Correlated Q-Learning
https://www.aaai.org/Papers/ICML/2003/ICML03-034.pdf

Week 16: Class Wrap-Up and Final Project Deliverable

August 2024 Page 4 of 4



