Syllabus: Algorithmic Economics
ECON C147 - CS C177

Instructor: Federico Echenique

Course Overview

The class provides an introduction to algorithmic questions in economic design. The class
will cover problems on the allocation of private goods, public goods and social choice. The
focus is on normative questions: How should an allocation problem be addressed given a
normative goal? The social goals we consider are efficiency, fairness, and equity. In terms
of private goals, we study revenue maximization. The course will cover resource allocation,
voting, fair division, pricing, auctions, and market mechanisms. Throughout the course,
there is an emphasis on the algorithmic questions that arise naturally in economic design.

Learning Objectives

e Understand the most important objectives that guide normative studies in microeco-
nomics. Understand when and how they can be implemented algorithmically.

e Acquire a familiarity with the tools of microeconomics that guide modern economic
design.

e Identify incentive issues, and develop a working knowledge of mechanism design.

e Recognize the computational constraints that arise in market design, and identify the
common sources of computational complexity in economic environments.

Prerequisites

The class has no prerequisites. The content of the class is, however, formal and mathematical.
Students should be comfortable with formal mathematical proofs and will be expected to
write proofs on their own.




Grading

There will be bi-weekly problem sets, a midterm, and a final exam. Students are expected
to form groups of 4-5 students to work on problem sets. Each group should turn in a single
joint homework solution. There will be at least one week between when a problem set is
released and it is due. The homework counts for 20% of a student’s grade. The midterm
counts for 20% and the final for 60% of the grade. Homework turned in d days late will
count for (2/3)¢ of its worth if turned in on time.

To obtain a passing grade, a student must have turned in all the homework assignments
(with the possible exception of one), the midterm, and the final exam. Note that this is
not a “clobber” rule; it says that all evaluation instances must be attempted with the only
possible exception of a single homework assignment.

The midterm will take place during class on Friday March 6th. The final exam will take
place on Monday May 11th at 7pm (exam group 4).

DSP Accommodations

Information about the university’s Disabled Students’ Program may be found on the DSP
website: https://dsp.berkeley.edu/

The program can provide support and a letter for the instructor detailing the accommo-
dations that are needed. Please reach out to the instructor if you have any questions.

Attendance

The class meets weekly for in-person lectures. Attendance is not mandatory, but students
are expected to attend all classes and should make sure to obtain notes from any lectures
that they have to miss. Attendance to discussion sections is equally important but not
mandatory. The discussion sections are mostly devoted to the problems in the homework
assignments.

Al policy

You may use Generative Al (e.g., ChatGPT, Claude or Gemini) to assist with coding (LTEX)
or polishing your writing. However, you should avoid asking the model to solve the problems
for you. The only way to master this material is by struggling through the logic yourself.
Furthermore, keep in mind that you will not have access to any Al tools during the midterm
or final exams.

If you use Al in your homework, you must add a brief footnote explaining how it was
used.


https://dsp.berkeley.edu/

Course Content

The class is centered around three normative principles: efficiency, fairness, and revenue
optimization. We will discuss the algorithmic implementation of these principles in different
economic environments. In particular, we will consider how these principles interact with
the relevant computational and incentive constraints.

1. Efficiency in the allocation of scarce goods. The serial dictator.
2. Fairness in the allocation of scarce but divisible goods. Cake-cutting.

3. Fairness: Sperner’s lemma and fair rent division. The Shapley value and the marginal
value principle. Claims problems.

4. Fairness and efficiency in the allocation of indivisible private goods: Random alloca-
tions and the Birkhoff-von Neumann Theorem. Random serial dictatorship. Ordinal
efficiency and the Probabilistic Serial algorithm.

5. Social choice and Arrow’s Theorem. Computational hardness of manipulation.
6. Quasilinear environments. Incentives, efficiency, and the VCG mechanism.

7. Ad auctions. The generalized second price auction. Combinatorial auctions: compu-
tational issues.

8. Revenue maximization. Posted prices. The revenue maximizing auction. An introduc-
tion to ironing.

9. Communication complexity in economic mechanism design.

Readings

The instructor will post lecture notes covering the topics in class. These notes are not a
substitute for coming to class. The notes are terse and will for the most part focus on the
mathematical content of the lectures. The necessary context, interpretation, and some de-
tailed derivations will be done in lecture. If you miss a lecture, it is your responsibility to
obtain the notes of a student who attended.

There will also be some additional, optional, readings distributed when relevant. The fol-
lowing sources are useful as complementary support material:

e Federico Echenique, Nicole Immorlica, and Vijay Vazirani. Online Matching-based
Market Design. Cambridge University Press, 2023.

e Jason Hartline. Mechanism Design and Approximation. Book draft, 2023.

e Tim Roughgarden. Twenty Lectures on Algorithmic Game Theory. Cambridge Uni-
versity Press, 2016.

e Nisan, Noam, Tim Roughgarden, Eva Tardos, and Vijay V. Vazirani, eds. Algorithmic
Game Theory. Cambridge University Press, 2007.



