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1. Critical Issues in Transportation for 2024 and Beyond. 
Washington, D.C.: National Academies Press, 2024. doi: 
10.17226/27432.

Readings

https://doi.org/10.17226/27432
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A.k.a.
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1.041/IDS.075/11.544 – Undergraduate
1.200/IDS.675 – Graduate
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Outline

1. About the course

2. A nontechnical introduction to transportation

3. Why I study transportation
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Quick poll
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• Course/Program
• What do you think is the biggest problem or challenge in transportation?

Get to know your fellow classmates:
• Join for Office Hours after class (same room as lecture)
• If you’re looking to find pset partners in the class, or just to meet other folks 

interested in transportation.
• Regular office hours. Questions about the class, content, etc.
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Outline

1. About the course
a. Course overview
b. Administrivia

2. A nontechnical introduction to transportation

3. Why I study transportation
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This is not your typical intro transportation course
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Transportation

Mathematical 
modeling Computing

Design & analyze 
transportation systems

Handle complexity

Foundations Methods
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Your typical intro transportation course
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Transportation 
Engineering 101

Four-step model for 
transportation planning

Traffic flow concepts

Intersection design

Traffic signal design

Freeway level of service

MUTCD

Intelligent transportation systems

Vehicle performance & physics

Highway geometry design

Pavements

Roadway safety
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Critical issues in transportation
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Critical Issues in Transportation for 2024 and Beyond. Washington, D.C.: National Academies Press, 2024. doi: 10.17226/27432.

https://doi.org/10.17226/27432
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Critical issues in transportation
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Critical Issues in Transportation for 2024 and Beyond. Washington, D.C.: National Academies Press, 2024. doi: 10.17226/27432.

https://doi.org/10.17226/27432
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Take a dive deep into any of the critical issues
13

§ Dozens of mobility-related courses at MIT: https://www.mmi.mit.edu/courses

Equity, Public Health

EconomicsSafety

Climate change

https://www.mmi.mit.edu/courses
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Course aim: Equip you with foundations & 
methods for future transportation systems
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Critical Issues in Transportation for 2024 and Beyond. Washington, D.C.: National Academies Press, 2024. doi: 10.17226/27432.

Mathematical modeling
Computing

https://doi.org/10.17226/27432
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Transportation: Foundations & Methods
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Transportation

Mathematical 
modeling Computing
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Big picture overview of the course
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Unit 1 Unit 2 Unit 3 Unit 4

Model transportation systems Optimize transportation systems

StochasticDeterministic Multi-stage Single-stage
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What we feel when we hear “traffic”
20
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Traffic is not good or bad
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e.g., cars, pedestrians, trucks, trains, ships, planes, even robots and satellites
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Traffic managed well
25

§ Transportation can account for half the GDP of an advanced economy.
§ Transportation as a positive multiplier of economic benefits & social 

opportunities.

Jean-Paul Rodrigue, The Geography of Transport Systems (2020) – Chapter 3
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Traffic managed poorly

# U.S. city Hours lost per year 
per driver

1 Boston 164

2 Washington, D.C. 155

3 Chicago 138

4 Seattle 138

5 New York City 133

6 Los Angeles 128

Sources:
Boston.com
Boston Magazine
[February, 2019]
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Unit 1: Traffic flow fundamentals
30

LAB 4: Solve the traveling 
salesman problem 

LAB 3: Build an AI agent 
to optimize traffic 

Cumulative 
diagrams

Numerical 
integration

Deep learning

Deep Q Networks

Q-learning

Value iteration

Markov decision 
processes

Branch-and-bound

Integer 
programs

Modeling 
mathematical 

programs

Time-space 
diagrams

Queueing models

Uncertainty

Poisson process

LAB 1: Build your 
own traffic jam

Sequential 
decision 

problems

LAB 2: Build a queuing 
model for Seattle transit 

Facility dynamics

Discrete event 
simulation

Markov chains

Linear programs

Traffic flow 
theory

Simplex method

Vehicle 
dynamics

Unit 1

Modeling

Deterministic
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Computational lab #1: Build your own traffic jam
32
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Unit 2: Queuing systems
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Unit 2: Queuing systems
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LAB 4: Solve the traveling 
salesman problem 

LAB 3: Build an AI agent 
to optimize traffic 

Cumulative 
diagrams

Numerical 
integration

Deep learning

Deep Q Networks

Q-learning

Value iteration

Markov decision 
processes

Branch-and-bound

Integer 
programs

Modeling 
mathematical 

programs

Time-space 
diagrams

Queueing models

Uncertainty

Poisson process

LAB 1: Build your 
own traffic jam

Sequential 
decision 

problems

LAB 2: Build a queuing 
model for Seattle transit 

Facility dynamics

Discrete event 
simulation

Markov chains

Linear programs

Traffic flow 
theory

Simplex method

Vehicle 
dynamics

Unit 2

Modeling

Stochastic
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CL#2: Build a queuing model for Seattle transit
37
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Unit 3: Machine learning for traffic control
39

LAB 4: Solve the traveling 
salesman problem 

LAB 3: Build an AI agent 
to optimize traffic 

Cumulative 
diagrams

Numerical 
integration

Deep learning

Deep Q Networks

Q-learning

Value iteration

Markov decision 
processes

Branch-and-bound

Integer 
programs

Modeling 
mathematical 

programs

Time-space 
diagrams

Queueing models

Uncertainty

Poisson process

LAB 1: Build your 
own traffic jam

Sequential 
decision 

problems

LAB 2: Build a queuing 
model for Seattle transit 

Facility dynamics

Discrete event 
simulation

Markov chains

Linear programs

Traffic flow 
theory

Simplex method

Vehicle 
dynamics

Unit 3

Optimizing

Multi-stage
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Traffic control is still hard
41

INRIX U.S. Signals Scorecard: 2022 Annual Summary. INRIX. https://inrix.com/signals-scorecard/.

https://inrix.com/signals-scorecard/
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CL#3: Build an AI agent to optimize traffic
42



Wu

Unit 4: Optimizing transportation resources
44

LAB 4: Solve the traveling 
salesman problem 

LAB 3: Build an AI agent 
to optimize traffic 

Cumulative 
diagrams

Numerical 
integration

Deep learning

Deep Q Networks

Q-learning

Value iteration

Markov decision 
processes

Branch-and-bound

Integer 
programs

Modeling 
mathematical 

programs

Time-space 
diagrams

Queueing models

Uncertainty

Poisson process

LAB 1: Build your 
own traffic jam

Sequential 
decision 

problems

LAB 2: Build a queuing 
model for Seattle transit 

Facility dynamics

Discrete event 
simulation

Markov chains

Linear programs

Traffic flow 
theory

Simplex method

Vehicle 
dynamics

Unit 4

Optimizing

Single-stage
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CL#4: Solve the traveling salesman problem
46
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Course objectives
1. Introduction to techniques to design, analyze, evaluate and control 

the level of service of various transportation systems.
2. Introduction to powerful modeling foundations: queueing theory, 

reinforcement learning, mathematical programming
3. Special emphasis on computational methods and their application 

to transportation. Hands-on computational assignments. Requires 
proficiency in Python.

47
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Discussion time
What is something that has nothing to do with transportation?
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Transportation spans a lot of fields
• Transportation studies is intertwined with just about every 

department at MIT

Jean-Paul Rodrigue, The Geography of Transport Systems (2020) – Chapter 1

50
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Ask questions
• Make the class your own by asking questions
• In class, on Piazza, office hours, email us, etc.

• Transportation touches all of our lives, most parts of human 
endeavors, many many technical tools.

51
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Outline

1. About the course
a. Course overview
b. Administrivia

2. A nontechnical introduction to transportation

3. Why I study transportation
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Team
§ Prof. Cathy Wu <cathywu@mit.edu>
• Office hours: WF4-4:30 (1-135)

§ TAs:
• Dingyi Zhuang <dingyi at mit dot edu>

§ Staff email: 1-041-staff@mit.edu or 1-200-staff@mit.edu
§ You can reach the staff generally via office hours or via email. 

Include “[1.041]” or “[1.200]” in your subject line.

53



Wu

Administrivia
§ Lectures: WF 2:30 - 4:00 pm (1-135)

• We will make lecture recordings available for review
• We can’t guarantee the quality of the recordings (come to class! 😉)

§ Recitations: TBD (see Piazza for poll)
§ Check website & Piazza for the most up-to-date information.

§ Course webpage: For class materials & info
• https://web.mit.edu/1.041/www/

§ Piazza: For class announcements, assessments, solutions
• The Piazza is also a resource for you to collaborate with one another.
• For obvious reasons, don't post answers in Piazza.
• We (the staff) can’t answer each question on Piazza, so do come to office hours.

§ Gradescope: For HW/quiz submissions
§ Canvas: Code/project submissions, Zoom (in case of going remote)

54

https://web.mit.edu/1.041/www/
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Textbooks
• Unit 1: Daganzo, Carlos. Fundamentals of transportation and traffic operations. 

Emerald Group Publishing (2008).
• Available online: http://ndl.ethernet.edu.et/bitstream/123456789/75532/1/66.pdf

• Unit 2: Larson, Richard C. and Amedeo R. Odoni. Urban Operations Research. 
Prentice-Hall (1981).
• Available online: https://web.mit.edu/urban_or_book/www/book/

• Unit 3: Morales, Miguel. Grokking deep reinforcement learning. Manning 
Publications (2020).
• Available online: https://www.manning.com/books/grokking-deep-reinforcement-learning

• Unit 4: Bradley, Stephen P., Arnoldo C. Hax, and Thomas L. Magnanti. Applied 
mathematical programming. Addison-Wesley (1977).
• Available online: https://web.mit.edu/15.053/www/AppliedMathematicalProgramming.pdf

• Additional handouts will be distributed as needed.
• Lecture slides will be posted.

55

http://ndl.ethernet.edu.et/bitstream/123456789/75532/1/66.pdf
https://web.mit.edu/urban_or_book/www/book/
https://www.manning.com/books/grokking-deep-reinforcement-learning
https://web.mit.edu/15.053/www/AppliedMathematicalProgramming.pdf
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Evaluation
§ Grades will be determined according to the following weights: 

• Undergraduate students: 
§ 4 problem sets, including 4 computational labs (60%)
§ (Optional) Submit a video on any class topic for +5% extra credit

• Graduate students: 
§ 4 problem sets, including 3 computational labs (choose any of 4) (45%)
§ Class project (15%, with +5% extra credit for video submissions)

• 2 in-class quizzes (30%)
• Class participation (10%)

§ Late policy (for PSets):
• 3 late days, no questions asked. After that, late homework will be penalized 10% 

every 24 hours. Those submitting late must abide by honor code.
§ PSet partners:

• Check out https://psetpartners.mit.edu to find pset partners. 
• Sign up early; matching will be done at the end of the first week of classes. 

56

https://psetpartners.mit.edu/
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Assignments

Assignments Covers

Problem Set 1
Problem Set 2
Computational problem 1

Unit 1

Problem Set 3
Computational problem 2

Unit 2

Problem Set 4
Computational problem 3

Units 3

Problem Set 5
Computational problem 4

Units 4

Project presentation + report
(Optional) Video

Any unit

59
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Class participation
§ Class participation includes:
• Live participation during lectures.
• Answering questions for fellow students on Piazza.
• Attending office hours and recitation.

60
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Class project (grad students only)
§ Groups of 1-2 are permitted.
§ (Optional) Students may opt to do a video presentation 
§ Research project, which seeks to establish new knowledge in 

transportation research fields.
• Project proposal 
• Written report
• In-class presentation

61
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Academic integrity & collaboration
§ Bottom line:

1. Use whatever sources you need to support your learning.
2. Cite your sources.
3. No copying. You must write up your own solutions.
4. Don’t allow others to copy your work.

§ This applies to collaborators, a “friendly expert,” another text, website, or a 
”bible.”

§ Also applies for use of Generative AI (GenAI) tools
• Help with writing is fine, encouraged, and does not need to be cited.

§ In general, use basic, common sense concepts of academic honesty.
§ See the full academic integrity policy on course website.

http://web.mit.edu/academicintegrity/handbook/handbook.pdf

63

http://web.mit.edu/academicintegrity/handbook/handbook.pdf
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Break
If you have questions about registration, now is a good time.

65
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Outline

1. About the course

2. A nontechnical introduction to transportation
a. Past: A brief history
b. Present: Three revolutions
c. Future: Mega trends

3. Why I study transportation
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Automobility is a relatively recent phenomenon
67

§ We have had asphalt roads for 4000+ years.
§ We have had cars for 100 years.

19001800

2000 BC, Persians, 
Romans use 
asphalt in road 
construction

1795, First Toll Road, 
Lancaster, PA

1815, MacAdam 
“macadam” road 
building

1820’s, Erie Canal

1869, Transcontinental 
Railroad

4 Autos in 1895

1886, Benz granted 
patent for his first car



Wu

Today
68

Claes Tingvall (2014)
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Timeline (1900—2000)

20001900

1903, Wright Bros.

8000 Autos in 1901

450,000 Autos in 1910

15M Autos in 1923

128M Autos in 1995

1912, US 30 
Construction 
(Transcontinental Hwy)

1930, Transcontinental Passenger Air 
Service

1956, Interstate System Authorized

1969, Man 
landed on moon

1995, 2.4 million paved miles 
in US

1.4B Autos in 2018

1992, Interstate 
highway system 
completed

1960, Apollo 
program 
conceived

70
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The Interstate Highway System
71

§ Largest public works project in American history.
§ Considered the greatest investment ever by the US.
• Return on investment estimated at at least 6x.

§ Cross country road trip: 62 days à 42 hours 😮
§ Why such a big deal? Because the US is huge.
• Connectivity is power.
• Impact: The Interstate Highway System connected the vast spread of 

population centers of the US. 
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Landing a man on the moon 
–vs–

Building the Interstate Highway System

73

What’s harder? Why?
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Erie canal (1825)
§ Not just about roads.
§ Planes, trains, ships, drones, 

bicycles, people, bison. 
Anything that moves through 
shared spaces.

(Wyoming, 2019)
Credit: Jacob W. Frank, National Park Service
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Outline

1. About the course

2. A nontechnical introduction to transportation
a. Past: A brief history
b. Present: Three revolutions
c. Future: Mega trends

3. Why I study transportation
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Vehicular CPS “revolutions” are currently underway
§ “The auto industry will change more in 

the next 5-10 years than it has in the last 50” 
- M. Berra (GM), 2016 

§ Daniel Sperling (UC Davis): “Three revolutions”
• electrification
• automation (& connectivity)
• sharing

§ Shared = Uber, Lyft, Blue Bikes
§ Shared + electric = Bird, Lime
§ Electric + automated = Tesla
§ Electric + automated + shared = Waymo, GM Cruise

83
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Timeline (2000—Present & Future)
Physical infrastructure à Digital infrastructure

Some key events:
• 2000: Zipcar pioneers sharing of a vehicle.
• 2004/2007: DARPA grand challenges launch autonomous vehicle 

industry
• 2007: iPhone 1 unveiled à Smartphone adoption reaches 73% (2021)
• 2010: Google autonomous street view

Bonus event:
• 2010: SpaceX became the first privately funded company to 

successfully launch, orbit and recover a spacecraft

84
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Transportation cyber physical systems (CPS)
Phone based

(lifespan 18 months)

Vehicle based

(lifespan 10 years)

Infrastructure based

(lifespan 50-100+ years)

live traffic maps
(available today)

“Brain off” driving
(available 5++ years?) 

Smart cities
(early stage R&D)

85
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Outline

1. About the course

2. A nontechnical introduction to transportation
a. Past: A brief history
b. Present: Three revolutions
c. Future: Mega trends

3. Why I study transportation
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Transportation demands
• Growth of population
• US: 300 million in 2006, 420 

million in 2050
• Larger growth in China and 

India

Rodney Brooks. Megatrend: The Demographic Inversion (2017)

World population
95
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Transportation demands
• Population inversion:
• “Senior tsunami” from 

baby boomers
• Decline in birth rate

Rodney Brooks. Megatrend: The Demographic Inversion (2017)

Japanese age groups

96
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Urbanization
• Since 2006 more than half the world population lives in urban areas
• By 2050, expected to grow to 80%

• Top 100 US metropolitan areas
• Only 12% of the landmass, but
• 65% of the population
• 74% of the most educated citizens
• 77% of knowledge economy jobs
• 74% of GDP

97
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Increasing criticality of key ports and corridors
• Growth of mega regions
• Northeast, Northern California, etc.

• 1.9 million tractor-trailer trucks in 2005, 
up 13% since 2001

• Highway vehicle miles traveled (VMT) are 
projected to grow 60%

• Container ships volume expected to 
increase 186% in 20 years

• Doubling of freight traffic by train

99
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Growing complexity of urban landscape
• More than half the jobs are more than 10 miles outside of 

downtown
• Growth of the “exit ramp economy” – low density developments 

along suburban freeways
• In 2005, more of America’s poor live in metro suburbs than in the 

city core

100
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Outline

1. About the course

2. A nontechnical introduction to transportation

3. Why I study transportation
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The gap between technology and societal impact
105

[Tesla Model S]

Waymo

GLOSA Demo app [1]

Connected and automated vehicle 
(CAV) technologies

Road safety

42,915 fatalities occurred 
on US roadways in 2021. 
Human error is involved in 

94%. 

43K annual US fatalities, among leading 
causes of death of young people

?
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The gap between technology and societal impact
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[Tesla Model S]

Waymo

GLOSA Demo app [1]

Connected and automated vehicle 
(CAV) technologies

Congestion

1 hour each day / American driver

?
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The gap between technology and societal impact
107

[Tesla Model S]

Waymo

GLOSA Demo app [1]

Connected and automated vehicle 
(CAV) technologies

Environmental impact

Transportation is the largest 
contributing sector of greenhouse 

gas emissions in the US at 29%, 
mostly on roadways

?
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The gap between technology and societal impact
108

[Tesla Model S]

Waymo

GLOSA Demo app [1]

Connected and automated vehicle 
(CAV) technologies

Equity

Access

Public health

…

?
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Basic research flow diagram
109

Optimize 
performance measure

Model of future 
transportation system

CAV technology 
assumptions

Transportation system 
assumptions

Design problem for future transportation system
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Basic research flow diagram
110

Optimize 
performance measure

Model of future 
transportation system

CAV technology 
assumptions

Transportation system 
assumptions

Design problem for future transportation system

Implementation

Research & 
development (R&D)

Business decisions

PolicyOperations

Informs
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Jayawardana, et al. “Mitigating Metropolitan Carbon Emissions with Semi-autonomous Vehicles using Deep Reinforcement Learning,” in review.

Optimize 
performance measure

Model of future 
transportation system

CAV technology 
assumptions

Transportation system 
assumptions

Design problem for future transportation system

Carbon emissions

Semi-autonomous vehicles,
10-100% adoption

16,000 signalized intersections across 
10 major Metropolitan areas in the US

Would eco-driving move 
the needle on climate 

change mitigation?

Ex: Reducing the carbon intensity of urban driving

Signalized 
intersections with 

optimal fixed timing, 
no jaywalking, etc.

6-22% reduction in 
intersection CO2 

emissions
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MIT Mobility Initiative
122

§ Weekly virtual seminar
§ Register to attend: 
• https://www.mmi.mit.edu/

§ Excellent back catalog of 
talks since 2020

§ Diverse topics spanning 
mobility, broadly defined

§ Great complement to this 
course

https://www.mmi.mit.edu/
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