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1 Summary of CEGE 3201

CEGE 3201: Introduction to Transportation Engineering is designed to be the first course students
take on designing and modeling transportation systems. Transportation encompasses several major
areas of technology, including vehicles themselves, road infrastructure, and public transit systems.
All students, and most Minnesota residests, have used transportation systems in Minnesota, and
probably have their share of concerns, criticisms, or desired design changes to them. For instance, a
common criticism is that the bus system here has much higher travel times than driving, and does
not provide as much connectivity as desired. However, most users of the transportation system
have little understanding of why our transportation systems are designed and operated the way
they are, how traffic congestion forms, or how individual traveler behaviors are predicted to affect
the overall system. Transportation engineers have spent decades working on these systems, and
this class provides an overview of these engineering principles.

CEGE 3201 is a required course for students studying towards a bachelor’s degree in civil engi-
neering. Many civil engineering problems interact with transportation systems, such as the design
of bridges for vehicles or pedestrians; the environmental impacts of vehicle traffic (including green-
house gas emissions and other pollutants), interactions with water resource systems like drainage,
etc. For many of these students, CEGE 3201 is the only class they take on transportation engi-
neering. CEGE 3201 provides a different, multidisciplinary perspective on urban infrastructure for
such students.

CEGE 3201 is also open to non-majors; for instance, students from computer science and
industrial engineering who are interested in transportation systems take CEGE 3201. Although
some of the stated co-requisites are CEGE classes, these co-requisites consist of fundamental skills
can be replaced by equivalent classes from other departments. CEGE 3201 has the following
prerequisites:

e PHYS 1301: kinematic physics
e CEGE 3101, or any course on computer programming

e CEGE 3102, or any probability and statistics course

2 Criteria for all LE courses

I will discuss how CEGE 3201 meets the requirements of liberal education courses, addressing each
requirement separately.

e Explicitly help students understand what liberal education is, how the content and the sub-
stance of this course enhance a liberal education, and what this means for them as students
and as citizens;

e Meet one or more of the Student Learning Outcomes (SLOs). In the syllabus you submit,
specify which of the SLO(s) that the course meets, how it addresses the outcome(s), and how
the learning that is associated with the outcome(s) will be assessed;

e Be offered on a regular schedule;



e Be taught by regular faculty or under exceptional circumstances by instructors on continuing
appointments. Departments proposing instructors other than regular faculty must provide
documentation of how such instructors will be trained and supervised to ensure consistency
and continuity in courses;

e Be at least 3 credits (or at least 4 credits for biological or physical sciences, which must
include a lab or field experience component).

2.1 Explicitly help students understand what liberal education is

Most students have some preconceived notions of transportation systems based on years of navi-
gating them. Many have identified issues with transportation: traffic congestion; inefficient public
transit, etc. Part of developing a liberal education is approaching existing aspects of society with a
scientific mind. CEGE 3201 provides a rigorous perspective on transportation systems founded on
engineering design principles and scientific study of traveler behaviors. For example, traffic conges-
tion is studied in terms of route choices leading to a high concentration of vehicles on certain roads,
as well as traffic flow theory for modeling the behavior of traffic congestion and drivers in such
traffic. These topics are treated with engineering rigor and mathematical modeling. By studying
such engineering, students gain a deeper understanding of transportation systems, and are more
prepared to understand their issues and find informed solutions. This helps students understand
part of a liberal education — a scientific study of a critical system to society that most people in-
teract with but have little understanding of. After completing CEGE 3201, students are prepared
for informed discussions about issues with our transportation systems and potential solutions. The
content and substance of this course enhance a liberal education by providing that rigorous study of
transportation systems. As citizens, students will be able to make informed decisions about using,
navigating, and improving transportation systems, and participate appropriately in venues such as
voting on electric vehicle tax incentives, infrastructure funding, etc.

2.2 Student Learning Outcomes (SLOs)
CEGE 3201 addresses two SLOs:

e Problem solving
e Critical thinking

Section 4.5 of the syllabus discusses how CEGE 3201 meets these SLOs and how they will be
assessed.

2.2.1 Problem solving

CEGE 3201 is mostly about solving engineering problems around modeling transportation systems
to understand and predict their behavior or designing transportation systems to improve their
behavior. I have included two sample homework problems that students are able to solve during past
iterations of CEGE 3201 in Appendices A.1 and A.2. The user equilibrium problem in Appendix
A.1 requires students to set up a system of linear equations describing user equilibrium behavior.
They have to figure out how to apply conceptual behaviors to a specific problem. The problem
in Appendix A.2 requires students to apply queueing theory equations to an airport security line



problem. Although students know certain equations to calculate average waiting times and queue
lengths for queueing theory, it is not immediately obvious how to use them to address the given
problem.

2.2.2 Critical thinking

In-class and homework problems also require students to critically evaluate solution methods for
engineering problems. Transportation technology is currently being revolutionized by automated
vehicles, and many of these problems center around how transportation engineering design princi-
ples should be modified for automated vehicles. I have provided two example homework problems
and their solutions in Appendices A.3 and A.4. The problem in Appendix A.3 requires students
to analyze current traffic signal design, which is calibrated for human drivers, and propose how
these may or may not be changed due to vehicle automation. There are many correct answers, but
answers have to be reasonably justified. The problem in Appendix A.4 similarly asks students to
propose changes in the fundamental flow-density relationship describing traffic flow behavior.

2.3 Be offered on a regular schedule

CEGE 3201 is taught every fall and spring semester.

2.4 Be taught by regular faculty

CEGE 3201 is only taught by tenured or tenure-track faculty in the Civil, Environmental, and Geo-
Engineering department.

2.5 Be at least 3 credits

CEGE 3201 is 3 credits, and includes 2hrs of lecture and a 1hr lab of transportation data analysis
per week.

3 Criteria for all theme courses

I will discuss how CEGE 3201 meets each requirement of theme courses, addressing each require-
ment separately.

e thinking ethically about important challenges facing our society and world;
e reflecting on the shared sense of responsibility required to build and maintain community;
e connecting knowledge and practice;

e fostering a stronger sense of our roles as historical agents.

3.1 Thinking ethically about important challenges facing our society and world

Efficient transportation is itself an important challenge for society. We rely on transportation
systems to commute to work each day, and transportation delivers food to grocery stores for us
to purchase. There are many ethical questions around the design of transportation systems. For



example, should we try to minimize the total congestion (which might result in more congestion for
certain areas) or focus on providing equal access to different minorities? Should we design public
transit to serve demand or emphasize it to reduce private vehicle traffic and the corresponding traffic
congestion and greenhouse gas emissions? Tradeoffs like this are inherent in engineering problems
which affect all people. The homework problem in Appendix A.5 asks students to consider the
tradeoff between ridesharing and public transit in the public transit design. Students must consider
how changing the frequency of the light rail train reduces the capacity to match demand, but also
affects people’s behavior and decreases ridership. They must therefore confront the choice between
designing a system that encourages public transit use versus designing a system for maximum
efficiency.

3.2 Reflecting on the shared sense of responsibility required to build and main-
tain community

In one sense, transportation systems are designed by the engineers, companies, and government
agencies responsible for designing them. However, traveler behaviors collectively demand a trans-
portation system that works for them. Much of transportation engineering is creaeting aggregate
models describing the behavior of travelers. In that sense, travelers have a shared responsibility
to build the transportation system that they desire. If a significant proportion of travelers shift
towards public transit, engineers will design the public transit system accordingly and will have the
corresponding fare revenue to use in the design. One example of a CEGE 3201 class activity which
asks students to reflect on this shared sense of responsibiility is relating user equilibrium route
choice to the prisoner’s dilemma from game theory. Slides for this exercise are shown in Appendix
A.8. The prisoner’s dilemma is a scenario in which individuals are incentivized to behave in their
own best interests; there is an individual advantage gained by trying to minimize their individual
penalties. However, because every individual behaves similarly, the collective penalties are larger.
A similar situation happens with drivers in how individual drivers seek to minimize their own travel
time, but in doing so cause traffic congestion to be worse for everyone. This shows a shared re-
sponsibility among the participants in transportation systems; by reducing selfish motivations, the
overall system can be improved.

3.3 Connecting knowledge and practice

Transportation engineering in practice requires the assistance of computer tools to study the trans-
portation systems of large cities. CEGE 3201 explains some theory of how transportation models
are developed, but also aims to connect that knowledge with how such models are used in prac-
tice. For example, after developing the concept of user equilibrium, students are given an Excel
homework problem to find user equilibrium using a numerical method similar to those used in
practice. This helps students understand how the knowledge is applied in practice and what to
look for when using computer tools to solve this problem. The homework problem is presented in
Appendix A.6. Students are given a simple network with realistic parameters that could be used
for real cities. This problem is not easy to solve through equations; instead, students must use
the method of successive averages, which is an algorithm used to solve user equilibrium problems
on much larger networks. This helps students connect the theory of what user equilibrium is to
the practical aspects of how to find it and the challenges of finding an exact solution. In fact, an
exact solution requires infinite iterations to attain, but the solution will get progressively better



with each iteration of the method of successive averages. Students will learn how to determine the
accuracy of their solution.

3.4 Fostering a stronger sense of our roles as historical agents

Design choices around transportation infrastructure and systems have major impacts on society. For
instance, highways have sometimes been built through neighborhoods of certain races or economic
backgrounds rather than others. Public transit access is better for certain areas of Minnesota than
others. Many of these decisions continue to affect us today. Hard infrastructure like roads and
highways cannot easily be moved, and transportation connectivity has affected the development
of different areas of the city. Understanding how transportation systems are designed will help
students understand the options that transportation engineers had, and how they decided among
those options. For example, refer to the problem on designing the TSA Prev security lines in
Appendix A.2. The numbers are designed so that the only two solutions to the problem are to
have either 1 or 2 TSA Prevlines. With 0 TSA Prevlines, the capacity is insufficient for the
demand. With only 1 TSA Prev'line, the TSA Prev'and regular lines have roughly equal waiting
times. This would seem to be fair. However, in such a scenario, passengers would no longer pay for
TSA Prev’, which would eventually revert to the 0 TSA Prev'line scenario in which the capacity is
insufficient. Therefore, students can understand that the seemingly unfair security lane allocation
is motivated by other specifics of the problem structure. This is an example of how previous
engineering decisions may seem obviously wrong now, but can be better understood through a
rigorous engineering analysis.

4 Criteria for the Technology and Society theme

Although nowadays we take transportation for granted, 100 years ago the lack of automobiles af-
fected city life and urban layouts. Transportation is therefore a technology that has had a profound
impact on society, and emerging developments in vehicle automation are likely to revolutionize how
we interact with transportation systems. Becoming informed about transportation system design
is a necessary step for students to become thoughtful consumers of transportation technologies.

CEGE 3201 considers the impact of technology on society by creating models of traveler be-
haviors. These models require connecting a conceptual understanding of people’s choices, such
as where they choose to live and work, with transportation options. For example, consider the
homework problem in Appendix A.7. Students must predict how changes in travel times due to
technological changes in transportation would affect people’s choices. The problem proposes some
changes in travel times due to vehicle automation, which could affect where people choose to live
and work. Students must adapt engineering methods to calculate the new travel choices.

CEGE 3201 also discusses how society’s responses to transportation shapes its use, and develops
mathematical models of that behavior. For instance, consider the slides in Appendix A.8, where
selfish user behaviors negatively affect the outcome of the system. When driving, most of us
try to choose routes that will minimize our travel time. However, such routes will create more
congestion, causing all drivers to experience higher travel times. This is an example of how the
responses of society shape the use of transportation technology and the design of transportation
systems. Students are asked to understand such behaviors conceptually and create models of them
to predict their impacts.



Another related problem is presented in Appendix A.5, showing how users respond to trans-
portation systems; the frequency of light rail trains affects the capacity as well as ridership, which
is a traveler choice. As engineers try to adjust the frequency of trains for efficiency by matching the
passenger capacity to the demand, their adjustment itself affects demand because lower frequencies
cause higher waiting times for travelers. Consequently, CEGE 3201 students are introduced to
many perspectives on the use of technology. These include the perspective of the engineers who
plan and design transportation systems; these engineers are mostly concerned with the efficient
operation of transportation systems. Students also study and model the perspective of individual
users in choosing which aspects of the transportation system to use, such as which roads to drive
on or which modes (driving or public transit) to use in their commute.

5 Syllabus requirements

e Section 2 of the syllabus describes how CEGE 3201 is a liberal education course.
e Section 2 also describes how CEGE 3201 fulfills the Technology and Society theme.

e Section 3 describes the course format and in-class activities for active learning. Section 4
describes the graded activities.

e Section 6 gives a tentative schedule of topics. Each topic has one or more associated readings,
which will be posted on Canvas on the appropriate day. The textbook is given in Section 3.2
of the syllabus.



A Sample problems from class

A.1 Finding user equilibrium

Consider the network shown below:

Link performance functions for each link are as follows:
t1=5+x tQ(JJQ) =14 2x9 tg(l‘g) =10+ x3 t4(564) =3+ 2x4

where x is the link flow in thousands of vehicles per hour and ¢ is in units of minutes.
Suppose the demand from A to C' is 8,000 vph. Using a system of linear equations, find user
equilibrium. Specify the link flows and travel times.

Solutions Start by setting the path travel times to be equal. Define path 1 as [1], path 2 as [2,4],
and path 3 as [3,4]. Define hj, ha, and hs as the path flows in thousands of vehicles per hour on
paths 1, 2, and 3, respectively. Link flows are

xr1 = hl
Tro = hQ
r3 = hg
x4 = ho + h3
Link travel times are
t1 = 5+ hl
to =1+ 2ho
tg = 10 + 3hg

ty =3+ 2(h2 + h3>
Path travel times are
Th=5+Mm

Ty =1+ 2hg + 3+ 2(ha + h3)
T3 =10+ hs + 3+ 2(ha + h3)



Set these equal at user equilibrium. From 77 = T3, obtain
5—|—h1 = 1+2h2+3+2(h2—|—h3)

From T} = Tj, obtain
5+ h1 =10+ h3 + 3 +2(ha + h3)

The last equation relates the demand:
hi+hy+hg =38

The solution to this system of equations is

79

1
36

1
27

11

1
2

3 =

Since hs < 0, set hg = 0 and resolve with the remaining two paths (set hs = 0). From T} = T5,
obtain
104+ 2h; =3+ 4ho + 2+ 2hy

and the second equation is
hi+hy =38

The solution is

Link flows are

xr3 = h3 = OVph

24 = ho+ hy = %Vph

Link travel times are

t1 =5+ hy = 11.2min
to =1+ 2ho = 4.5min
t3 = 10 + 3hg = 10min
ty = 3+ 2(hg + hz) = 7.6min



Path travel times are

Ty =5+ hy = 11.2min
Ty =1+ 2hy + 3+ 2(hg + h3) = 11.2min
T3 =10+ h3 + 3+ 2(hg + h3) = 17.6min

This is user equilibrium.
You may use other variables in place of hy, he, and hs (e.g. z, y, and z) to simplify the writing
as long as they are clearly defined.
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A.2 Airport queue modeling and checkpoint design

After checking in at the airport, passengers walk to and join the security checkpoint line. Passengers
arrive at the rate of 2.82 per minute. 30% of these passengers have purchased TSA Prev” (expedited
security check).

TSA has 12 X-ray scanners total. Each scanner provides either TSA Prev” or standard service.
Passengers who have purchased TSA Prev’ will choose TSA Prev’ lines unless none are available.
Passengers who have not purchased TSA Prev’ must use the standard lines.

Standard screening require 5 minutes on average. TSA Prev screening requires only 1 minute
on average. If no lines are designated as TSA Prev’, all passengers (including those with TSA
Prev’) must endure standard 5min screening.

(a) Decide how many of the 12 scanners are allocated to standard screening and to TSA Prev’ screening.
Justify your choice. Does your choice minimize queue length, waiting time, or some other ob-
jective?

(b) TSA Prev costs $85 per 5 years. Those 30% of passengers with TSA Prev” will not renew their
TSA Prev subscription unless it saves them significant time. Does that affect the choice you
made in part (a)?

Solutions The queueing model is M /M /n because passenger arrivals are random (different walk-
ing speeds from the check-in counter, among other things); passenger departures are random (dif-
ferent numbers of bags to send through the scanner); and there are multiple scanners.

The equations for M /M /n queueing are given in Section 5.5.5 of Mannering. I entered them
in Excel to compare the allocation of scanners between standard screening and TSA Prev’. Notice
that if all 12 scanners are on standard screening, all passengers (including TSA Prev’ passengers)
must endure standard screening.

You can reduce the number of calculations by observing that when at least 1 TSA Prev’ scanner
is active, p for the non-TSA Prev’ queue is

A _ 2.82 x 30% _ 987
7 0.2

which requires either 10-12 scanners open. When 0 TSA Prev scanners are active, p for the non-

TSA Prev queue is

A = 282 =14.1

I 0.2

which cannot be served with 12 scanners. (When 0 TSA Prev’ scanners are active, A = 2.82 because
all passengers use the same standard line.) So there are only two possibilities, 11 standard and 1

TSAPrev', or 10 standard and 2 TSA Prev'.

11
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From the Excel spreadsheet, you can see that there are only two solutions in which all passengers
are served. The solution that minimizes queue length, waiting time, and total time is to have 11
scanners for standard screening and 1 scanner for TSA Prev’. The alternative solution is to have
10 scanners for standard screening and 2 scanners for TSA Prev'.

Notice that if there are 11 standard scanners and 1 TSA Prev’, then the difference in total time
between standard and TSA Prev” screening is around 1.5 minutes. In fact, people in the standard
line will wait on average 2.8min, but passengers in the TSA Prev” line will wait on average 5.5min!
Not many people will pay $85 to save 1.5min at the airport and spend an extra 2.7min in line.
However, if no one uses TSA Prev’, then we have the situation of 12 standard scanners and 2.82
passengers per hour need standard screening. There are not enough scanners to keep up (in Excel,
P,y is negative for 12 standard scanners). Therefore, we need to encourage some travelers to buy TSA
Prev'. The allocation that incentivizes TSA Prev’is 10 standard scanners and 2 TSA Prev scanners.
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A.3

Modifying traffic signals for automated vehicles

What changes would you make to the following timings for autonomous vehicles? Explain your
reasoning for every change you make, and everything you do not change.

(a) The duration of the clearance (all-red) interval.

(b) The duration of the change (yellow) interval.

(c) Startup lost time at the start of each phase.

Solutions

The clearance interval is based on kinematics — the time to clear the intersection — and
therefore would not change.

For the change interval, the reaction time might be much less for autonomous vehicles. The
stopping distance component would be the same.

Alternatively, you could completely remove change intervals if the light duration is commu-
nicated to autonomous vehicles wirelessly instead of through traffic lights.

The startup lost time could be reduced either through smaller computer reaction times, or
by communicating the start of the green light to vehicles in advance.

13



A.4 Modifying the standard flow-density relationship for automated vehicles
Consider the triangular flow-density relationship:
q = min {usk, —w(k — k;)}

Suppose we want to modify this model for autonomous vehicles. What changes, if any, would you
make to the following parameters? Briefly discuss each parameter separately.

(a) Free-flow speed us
(b) Congested wave speed w
(c) Jam density F;

How will these changes affect road capacity?

Solutions

(a) Speed limits (free flow speeds) may increase because computers can react faster than humans,
reducing the stopping sight distance.

(b) Reductions in following headway would also increase the congested wave speed.
(¢) The jam density would remain the same because vehicle length would not change.

(d) Increases in the free flow speed or the congested wave speed will increase road capacity.

14



A.5 Designing light rail frequency for capacity and modal split

Business travelers (who do not rent a car) have two main options to travel from the airport to down-
town Minneapolis: the blue LRT line and ridesharing. MetroTransit has estimated the following
model for mode choices.

Mode Alternative specific constant Waiting time In-vehicle travel time Cost
Ridesharing 0 7 min 14 min $19.4
LRT 17.5 TBD 27 min $2.5

The coefficient for all types of travel time (in min) is 3.5. The coefficient for cost (in $) is 2.323.
The logit dispersion is 0.04.

Light rail trains carry 150 passengers each. The total demand using either LRT or ridesharing
is 3000 passengers per hour. Travelers will choose either LRT or ridesharing based on the utility
to them, and that utility depends on the waiting time.

The minimum headway for LRT is 5 minutes. What headway should the LRT be scheduled at
so that LRT capacity is equal to LRT demand? What is the LRT demand and capacity at that
headway?

Solutions The appropriate waiting time model is headTway because traveler arrivals are based on
flight arrivals, which have no correlation to LRT arrivals.

e The disutility for ridesharing is 0 + 3.5 x (7 + 14) + 2.323 x 29.4 = 118.57
e The disutility for LRT is 17.5 4+ 3.5 x (& + 27) 4 2.323 x 2.5.

e Use a logit model to find the probability a traveler chooses LRT. The number of travelers
taking LRT is

exp —0.04 x 124.87
3000 {1 — -
exp —0.04 x 124.87 + exp —0.04 x (17.5 + 3.5 (% + 27) + 2.323 x 2.5)

150pass/hr

h /60 where h is in minutes.

e The capacity of the light rail mode is

I used Excel to find where these two functions are equal, and came up with 8.149 minutes. Graphing
calculators should also be able to estimate intercepts. At a headway of 8.149 minutes, LRT demand
is 1104, and capacity is 1104.

15



A.6 Finding user equilibrium using the method of successive averages
Consider the network shown below:

Link 1

Link 2 The demand from A to B is 8000 vehicles per
hour.

Link 3

Each link is also a path. Suppose the travel times for link a follow the Bureau of Public Roads
(BPR) function:

_ ha Ba
To(ze) =ta | 1+ g | —

a

The necessary parameters have been estimated as given below for each path:

Parameter Name Value

Link 1 Link 2 Link 3
oy Calibration constant | 0.15 0.15 0.15
ta Free flow travel time 11 19 13
Ba Calibration constant 4 4 4

Q. Saturation flow 2250 3500 5200

Use the method of successive averages to find user equilibrium. (Hint: use Excel. The IF
function is useful here.) You will not find the exact user equilibrium. Stop when the maximum
difference between path travel times is less than 0.5min.

What is the flow and travel time on each link?

Solutions Create an Excel spreadsheet that calculates the method of successive averages:

AutoSave @ orF () B 9v 2 Problem 2 solution
Home Insert Draw Page Layout Formulas Data Review View Q Tell me 1# Share [J Comments
P A v iti i v T
E”Dv 4 Calibri (Body) vfn v A A General ] | A Condtonal Formattng v | Fy /O o E3
E@ v @ Format as Table v
Paste B I U He AV v © <0 .00 Cells Editing Analyze
< U =9 $ % 9 00 =0 [ cell Styles v Data |
a

A19 - fx v‘

E F G H 1 1 K L M N 0 P Q R S T u v w || |
1 Demand 8000 Path 1 2 3
2 Fftime 11 19 13
3 |lteration Lambda h_1 h_2 h3 T1 T2 T3 ha* 1 ha* 2 ha* 3 T1 T2 T3 TSTT Error Error<0.57 Capacity 2250 3500 5200
4 0 o 0 o 11 19 13 8000 0 o 11 19 13 o o alpha 0.15 0.15 0.15
5 1 1 8000 0 0 274702 19 13 o 0 8000 274.702 19 13 2197618 261.702 o beta 4 4 4
6 2 0.5 4000 0 4000 27.4814 19 13.6827 o 0 8000 27.4814 19 13.6827 164657 13.7986 o
7 3 033333 2666.67 0 533333 14.2556 19 151578 8000 0 0 142556 19 151578 118857 0.90224 o Stopping error 05
8 4 0.25 4000 0 4000 274814 19 13.6827 o 0 8000 274814 19 13.6827 164657 13.7986 o
9 5 0.2 3200 0 4800 17.7508 19 14.4157 o 0 8000 17.7508 19 14.4157 125998 3.33503 o
0 6 0.16667 2666.67 0 533333 142556 19 15.1578 8000 0 0 142556 19 15.1578 118857 0.90224 o
53 7 014286 342857 0 457143 19.8962 19  14.1647 o 0 8000 19.8962 19 141647 132969 5.7315 o
2 8 0.125 3000 0 5000 16.2148 19 14.6669 o 0 8000 16.2148 19 14.6669 121979 1.54795 o
13 9 011111 2666.67 0 533333 142556 19 15.1578 8000 0 0 142556 19 15.1578 118857 0.90224 o
4 10 0.1 3200 0 4800 17.7508 19 14.4157 o 0 8000 17.7508 19 144157 125998 3.33503 o
5 11  0.09091 2909.09 0 509091 156109 19 147914 o 0 8000 156109 19 147914 120715 0.81943 o
6 12 0.08333 2666.67 0 533333 142556 19 151578 8000 0 0 142556 19 151578 118857 0.90224 o
17 13  0.07692 3076.92 0 492308 16.7706 19 14.5666 o 0 8000 16.7706 19 145666 123314 2.20396 o
8 14 0.07143 2857.14 0 514286 15.2902 19  14.8657 0 0 8000 15.2902 19 148657 120139 0.42455 1
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A.7 Trip distribution with vehicle automation

Consider weekend trips between Plymouth, Golden Valley, and Mendota Heights to three shopping
malls: Ridgedale Center, Rosedale Center, and and Mall of America. The current trip table is as
follows:

Ridgedale Center Rosedale Center Mall of America
Plymouth 1,174 296 1,689
Golden Valley 526 1,513 2,872
Mendota Heights 271 332 2,690

Due to increasing use of partially automated vehicles (like Tesla), freeway travel times are
predicted to improve to the following in 5 years.

Ridgedale Center Rosedale Center Mall of America
Plymouth 11 33 31.4
Golden Valley 33.2 11.5 28.7
Mendota Heights 23.5 17 10.5

Suppose that all else being equal, trips are inversely proportional to travel times.

Assume that all other household and mall characteristics remain constant. In other words, the
number of trips made does not change, but their destinations might be different. What is the new
trip table?

Solutions First step: calculate productions and attractions. For notational brevity, I will label
Plymouth as 1, Golden Valley as 2, Mendota Heights as 3, Ridgedale Center as 4, Rosedale Center
as 5, Mall of America as 6.

The productions is the sum of outgoing trips, and attractions is the sum of incoming trips. For
example:

P, =11744296+1689 = 3159. A4 = 11744526+ 271 = 1971. The productions and attractions
are given below:

Zone Productions Attractions
Plymouth 3,159
Shoreview 4911
Mendota Heights 3,294
Minneapolis 1,971
St. Paul 2,142
Mall of America / MSP airport 7,251

Start with Ag = 1 for all destinations.

Next, calculate 7,

1 _ 1
S A Aa T = TX1971/1141x2142/33+1x7251/31.4

= 0.002105.

Calculate d,s = WrAsPrAs%m- Example: di4 = 0.002105 x 1 x 3159 x 1971/11 = 1192.

Calculate the new A value. For example A\ =

119245854307

DT = 0.946.

Recalculate the trip table with the new lambdas. Repeat several times so that the trips matches

attractions.
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1 |Productions Travel time 4 5l 6 1|Plymouth
2 1 3,159 1 11 33 31.4 2[Roseville
3 2 4,911 2 33.2 115 28.7 3[Mendota Heights
4 3 3,294 3 235 17 10.5 4| mi li
5 11364 5 [st. Paul
6 6 |Mall of America / airport
7  Attractions \ 4 | 5 \ 6 | Inverse of travel times 4 5 6
8 [ 197 2142 7,251] 11,364 1 0.090909091 0.030303 0.031847
9 2 0.030120482 0.086957 0.034843
10 3 0.042553191 0.058824 0.095238
11 |Eta 1 0.002105
12 2 0.002007
13 3 0.001111 | I
14
15 4 5 6 Trip table 4 5 6
16 |Lambda 1 1 1 1 1192 432 1536 3159
17 |Newlambda  0.945976 0.785081 1.106676 2 585 1836 2490 4911
18 3 307 461 2526 3294
19 2083.562864 2728.382 6552.055
20 Difference 112.5628638 586.3817 698.9445

The final trip table is below:

Ridgedale Center Rosedale Center Mall of America
Plymouth 1,122 333 1,704
Golden Valley 572 1,470 2,869
Mendota Heights 276 340 2,678

18



A.8 Prisoner’s dilemma and user equilibrium route choice slides

Wardrop's principle: Drivers choose routes to minimize their own travel
time.

@ Each driver's route choice affects the travel times of other drivers
o Drivers choose their routes based on the choices of other drivers

This leads to a game theory situation.

Each prisoner has two choices:
Stay silent
Betray the other

years in prison.

they do?

Solutions

Prisoners’ dilemma: classic game theory example

Two prisoners are suspected of a crime and held for questioning.

o |f neither of them talk, they both receive 1 year in prison.

o |f one betrays the other, he goes free whereas the other receives 10

o If they both betray each other, they both receive 5 years in prison.
They cannot communicate with each other to coordinate.

Each prisoner wants the shortest prison time for themselves. What will

Braess paradox

tanCina) = T tap (xap) = 50 tanCipp) = a2 tp(xap) = 50

tacCeac) = 45 teo o) = pen tcliuc) = 45

x
top (ien) = 550

hr Tr
[A, B, D] 0 vph 90 min
[A,C, D] 0vph 65 min
[A,B,C,D] 4000 vph 65 min

[A,B,D] 1000 vph 60 min
[A,C,D] 3000 vph 60 min

Building or improving a road can make traffic worse due to user
equilibrium route choice.

Traffic assignment CEGE 3201 15
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Real examples

built section of road was shut down.”

habits.”

“New York City's Transportation Commissioner decided to close 42nd
Street. . . traffic flow actually improved when 42nd Street was closed.”

“In 1969, congestion in Stuttgart, Germany improved only after a newly

—The Engines of Our Ingenuity

“In 1968, an elevated road was built above the cheonggyecheon river in
Seoul, South Korea in efforts to modernize the city. The road served to be
useful until in 1980, when there was a massive increase in car usage as
more and more people were able to afford cars. This sudden surge of cars
caused the road to be permanently congested with cars. .. As soon as we
destroyed the road, the cars just disappeared and drivers changed their

—New York Times

—Networks, Cornell University




