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Welcome!
Introduction

I What’s your name and where are you from?

I Where did you get your undergrad degree from?

I How did you get interested in transportation?

I Tell us something interesting about yourself.
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Lecture Outline

1 Overview

2 Course Logistics
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Overview
Frequently Asked Questions (FAQs)

Why take this course?

I (CE students) For coursework-based M.Tech. students, this is a
core course and you have no choice :) Others may find the course
material useful for their research.

I (EECS students) You are interested in Network Games/Algorithmic
Game Theory.

I (Others) You want to explore something new. This lecture and the
next will give you a glimpse of what to expect.
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Overview
Frequently Asked Questions (FAQs)

What will I learn from this course?

I The primary objective of this course is to predict route choice
behaviour of travellers in large scale urban networks.

I There are several planning and operational problems that benefit
from knowing travellers’ route choices.
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Overview
Frequently Asked Questions (FAQs)

Don’t we have software which can do that?

I Yes, software such as TransCAD and CUBE can model route choice
behaviour of travellers.

I Instead of using these software as black boxes, our purpose will be
to understand what’s behind the scenes.

I At the end of the course, you will have better insights into network
modelling and will be able to write your own code to solve
real-world instances.

I You’ll also be able to add more features to existing
models/formulate new ones that solve problems not addressed by
current state-of-the-art tools.
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Overview
Frequently Asked Questions (FAQs)

What am I likely to take back from this course?
Almost everything, if you plan to do research in this area. But, in general,
you will develop a habit for

I Identifying “themes” that are universal to multi-agent systems and
a certain style of thinking in addressing related problems using
mathematical models.

I Creating control mechanisms and optimizing resources for socially
favourable outcomes.

I Finding the right combination of tractability and level of detail
needed for a particular problem (there is never a one-size-fits-all
solution).
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Overview
The Big Picture

Trip
Generation

Trip
Distribution

Mode Choice
Route
Choice

I The things you’ll learn are used in the last part of the four-step
process that is widely used in transportation planning.

I The first three steps estimate the number of vehicles of different
types from different origin-destination (OD) pairs in a network.
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Overview
Applications

Should a street be made one-way or two-way?
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Overview
Applications

Where should you build new roads/expand capacity?
How would you design the roadway network of a new city?

Capacity Expansion Amaravati Network Plan
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Overview
Applications

What is the effect of tolls on congestion in urban areas?

Bandra-Worli Sea Link Singapore ERP System

London Cordon Pricing
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Overview
Applications

Can we predict the impacts of changes to the network on
emissions?
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Overview
Applications

Who are ones using a given roadway link?

Select Link Analysis
Williamson County, Texas

Select link analysis is a method that
can help quantify network-level im-
pacts of a local change. It has ap-
plications in congestion pricing and
transportation equity.

The figure on the left shows set of

links used by travellers taking the or-

ange segment.
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Overview
Applications

Where should you advertise your product?

(Source: TomTom)
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Lecture Outline

Course Logistics
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Course Logistics
Prerequisites and Texts

While the course does not have assume prerequisites some background in
elementary calculus, optimization, and computer programming would be
helpful.

The following books can be used as references for this course:

1 Boyles, S. Lownes, N. E., & Unnikrishnan, A. (2020).
Transportation Network Analysis. [PDF]

2 Sheffi, Y. (1985). Urban Transportation Networks: Equilibrium
Analysis with Mathematical Programming Methods. Prentice Hall.
[PDF]

3 Patriksson, M. (2015). The traffic assignment problem: models and
methods. Courier Dover Publications. [PDF]
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https://sboyles.github.io/book.pdf
http://web.mit.edu/sheffi/www/selectedMedia/sheffi_urban_trans_networks.pdf
http://www.math.chalmers.se/~mipat/LATEX/book_pub.pdf
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Course Logistics
Written Assignments

I The course will have 5 written assignments.

I You are encouraged to discuss the problems but you must submit
your own solutions.

I Plagiarizing solutions from your peers or seniors is strictly prohibited.

I Anyone found guilty will of copying or sharing solutions will receive
an F grade.

I After the submission deadlines, you may be randomly chosen to
explain your solutions.
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Course Logistics
Submission Guidelines

You are allowed a total of 5 late submission days which can be spread
across the assignments. Assignments turned in after exhausting your quota
receive zero points.

I The first two assignments must be prepared in LATEX. You may use
any TeX distribution or Overleaf.

I The remaining assignments can be prepared in any typesetting tool
of your choice.

Lecture 0 Introduction

https://www.overleaf.com
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Course Logistics
Programming Assignments

I In addition, there will be a Python programming project comprising
of 4 tasks.

I Intermediate deadlines will be provided for you to share your code
and get scores and feedback.

I The complete project is due on the day of the final.
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Course Logistics
Submission Guidelines

Source codes must be submitted in the form of a Google Colab notebook
or .py files.

The programming task will be evaluated based on

I Correctness: The expected output will be shared with you and your
code must produce similar results.

I Efficiency: Good codes must run fast and use as little memory as
possible.

I Styling: Codes must be well organized and commented. Try and
follow the instructions provided in the PEP 8 Style Guide.

Use of ChatGPT and similar tools for writing better programs is permit-
ted, but you must be able to explain every step of your code. A simple
programming quiz will be conducted at the end of the semester and your
submissions will be graded only if you pass this test.
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https://colab.research.google.com/
https://peps.python.org/pep-0008/
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Course Logistics
Exams and Grading

Examinations

I In-class exams: Mid-semester and End-semester

I End-semester exam is comprehensive

Grading

Component Percentage
Written Assignments 30%
Mid-semester Exam 20%
Project + End-semester Exam 20% + 30%

All submissions must be made via Teams.
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Course Logistics
Course Feedback

I The course will be split into modules and at the end of each module,
you are required to provide anonymized feedback by answering if
‘the contents of the module were clear and easy to understand?’

I Responses are to be provided on a Likert scale (Strongly disagree,
Disagree, Neither, Agree, Strongly agree).

I These stats will help me calibrate the course content and also in
picking the right questions for the assignments.
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Course Logistics
Lecture Material

I Lecture slides for the subsequent weeks will be posted on the course
website and MS Teams.

I Please read them in advance before coming to the class.

I Attendance is compulsory. Send me a message in advance in case
you are unable to make it to the class.
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Course Logistics
Office Hours

I Interactions during the class are strongly encouraged. Feel free to
interrupt me any time during the lecture to get your doubts cleared.

I If you have additional course-related queries, we can discuss after
the class or drop me a message on Teams to set up a call.

I In addition, the TA for the course will be available between
14:00–15:00 every Monday.
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Course Logistics
Modules

The course will be divided into the following modules:

I Module I: Background
In this part, we will cover some background on convex optimization
and study shortest path algorithms needed for computing equilibria.

I Module II: Foundations
We then formulate optimization problems for computing the
equilibrium solution in large networks and study a few elementary
algorithms.

I Module III: Variants
In this segment, we will relax some of the assumptions to formulate
and solve problems that are closer to reality.
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Course Logistics
Modules

I Module IV: Advanced Variants
We continue relaxing assumptions, but the resulting models become
more formidable and require major modifications to solution
techniques.

I Module V: Faster Algorithms
In this final part, we will pick up where we left off Module II and
study faster equilibrium algorithms and their applications.
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Your Moment of Zen
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