Market Design and Machine Learning
Lecture #1: Introduction

Prof. Dr. Sven Seuken
24.2.2021



Agenda

1. Introduction to “Market Design and ML”

2. Course Overview
— Goals of this course
— Course schedule
— Logistics
— Quick Presentation of Papers
— Details about “Projects”
— Next Steps
— Questions
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The Success Story of Market Design

* Beautiful theoretical foundations:
— Game Theory (Nobel Prize)
— Auction Theory (Nobel Prize)
— Mechanism Design (Nobel Prize 2007)

e First applications:
— National Resident Matching Market (1990)

— Spectrum Auctions (1994)
— Internet Advertising Auctions (2000)

* Market Design (Nobel Prize, 2012 + 2020)

* Explosion of applications:
— eBay
— Uber
— AirBnB
— Markets without money (courses, students, organs, etc.)
— Auctions for resources (gas, wind, coal, diamonds, etc.)
— Markets for carbon tax certificates
— Markets for roads
— Markets on the Blockchain
— Etc.
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The Success Story of ML

* Long history (back to the 1960s), part of Al
— Learning from data
* Since then, closer to statistics and probability
theory
* Recent success stories:
— Recommender systems (e.g., Netflix, Amazon)
— Classification (e.g., email filtering)
— Computer vision systems (self-driving cars)
— NLP (Siri, etc.)
— Computer games (Alpha Go, etc.)
— Etc.

© Sven Seuken, Department of Informatics, University of Zurich



Exciting Combination: Market Desigh + ML

* How can we use ML to improve market
design?
1. Design better market mechanisms (like auctions
or matching mechanisms)

2. Improve the performance of complex
marketplaces (like Uber, eBay, or AirBnB)
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Goals of this Course

1. Understand how machine learning can be useful in
the design of specific market mechanisms and in the
design of complex marketplaces

2. Understand the difficulties involved when combining
machine learning with market design techniques.

3. Be able to read advanced research papers.

4. Be able to critically reflect on and discuss a advanced
research papers.

5. Be able to identify how machine learning could help
solve a new market design problem.

6. Successfully complete a project combining machine
learning and market design.
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Course Schedule

. 24.2.2021: Introduction: Course Overview
. 3.3.2021: How Artificial Intelligence and Machine Learning Can Impact Market Design (Milgrom & Tadelis, 2019)
. 10.3.2021: Incentive Compatible Regression Learning (Dekel et al., 2010)

. 17.3.2021: Machine Learning-powered Iterative Combinatorial Auctions (Brero et al., 2021)

. 24.3.2021: Optimal Auctions through Deep Learning (Dutting et al., 2019)
. 31.3.2021: Reinforcement Learning of Simple Indirect Mechanisms (Brero et al., 2021)
. 7.4.2021: Easter Break

. 14.4.2021: Automated Mechanism Designh without Money via Machine Learning (Narasimhan, 2016)

*  21.4.2021: Project Idea Presentations

. 28.4.2021: The Al Economist: Improving Equality and Productivity with Al-Driven Tax Policies (Zheng et al., 2020)
. 5.5.2021: Competing Bandits in Matching Markets (Liu et al., 2018)

* 12.5.2021: Dynamic Incentive-aware Learning: Robust Pricing in Contextual Auctions (Golrezaei et al., 2020)

. 19.5.2021: Estimating Approximate Incentive Compatibility (Balcan et al., 2019)

J 26.5.2021: Iterated Deep Reinforcement Learning in Games: History-Aware Training for Improved Stability (Wright et

al., 2019)
*  2.6.2021: Project: Final Presentations
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https://milgrom.people.stanford.edu/sites/g/files/sbiybj4391/f/the_economics_of_artificial_intelligence_-_chapter_23_0.pdf
https://www2.cs.duke.edu/courses/spring17/compsci590.2/Dekel.Fischer.ea-2010.pdf
https://arxiv.org/abs/2009.13605
http://paulduetting.com/pubs/deep-amd-icml.pdf
https://arxiv.org/abs/2010.01180
https://www.ijcai.org/Proceedings/16/Papers/068.pdf
https://arxiv.org/pdf/2004.13332.pdf
https://mdds.net.technion.ac.il/files/2019/06/ECLearning2019_paper_27.pdf
https://arxiv.org/pdf/2002.11137.pdf
https://arxiv.org/pdf/1902.09413.pdf
https://strategicreasoning.org/wp-content/uploads/2019/05/ec313-wrightA.pdf

Pre-requisites

1. Successful completion of one of the following courses:

— Economics and Computation (Seuken)
— Algorithmic Game Theory (Penna/Ditting/Widmayer)
— Introduction to Market Design (Pycia)

—Or equivalent course (but not simply economics 1,2,3, game theory)
Important topics that must be covered: auction theory (e.g., VCG),
combinatorial auctions, mechanism design, matching theory (e.g., Gale-
Shapley)

2. Successful completion of a machine learning course

All students who want to take the course for credit must send

an email to the TA (Jakob):

* Which course have you taken to satisfy requirement #1

* Which course have you taken to satisfy requirement #2

* Send us transcript, course description, possibly link to the course, etc.
 (Why do you think you deserve an exception (probably not!))
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Grading

* Presentation of papers and leading class
discussion: 20%

* Response essays and class participation: 30%
* Project: 50%
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Weekly

* Every week:
— Read the assigned paper at home, in detail (not necessarily the proofs)
— Submit response essay (0.5 pages) via OLAT until Mondays, 23:59

— Tips on how to “read” a paper and how to “write a response essay”:
http://www.eecs.harvard.edu/~michaelm/postscripts/ReadPaper.pdf

* More tips on how to read a paper:

*Focus questions to help identify the main contributions of a paper,a
«Survival kit for reading the technical sections, and a
*Three-pass approach to tie it all together.
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http://www.eecs.harvard.edu/~michaelm/postscripts/ReadPaper.pdf
http://cs.stanford.edu/~rishig/courses/ref/paper-reading-overview.pdf
http://cs.stanford.edu/~rishig/courses/ref/paper-reading-technical.pdf
http://cs.stanford.edu/~rishig/courses/ref/paper-reading-technical.pdf

Paper Presentations

* Paper presentation:
— Present one paper to the class

— Search for related literature
— Note: do not just repeat the whole paper in slides. Prepare
something that is complementary
* Can summarize the main idea and/or technical contributions of the
paper
* Can provide background/related information
 Can raise questions/challenges/limitations/extensions
* Topics that start a discussion
* Incorporate response essays, if this makes sense
— Lead discussion

« How to give a talk:
*These two articles have a number of good suggestions.
*This video is pretty good as well.
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http://matt.might.net/articles/academic-presentation-tips/
http://www.cs.berkeley.edu/~jrs/speaking.html
https://www.youtube.com/watch?v=5-fzUhPODL8&list=PL9F536001A3C605FC

Project

* You can do this project alone, or in teams of 2 or 3

e Task#1: Find a good “market design project” idea

— Look around, in the world:
Where would a new market be useful?
Where is a market that could be fixed
Where is an interesting market that you could analyze/compare?

— Listen to podcasts: Freakonomics, Econ Talk, Planet Money, etc.
— Read blogs, e.g.: http://marketdesigner.blogspot.ch/ € this is very useful to getideas!

e Task#2: Find a team: post your idea on the OLAT forum, or talk to your colleagues

 Task#3: Do the project!

— Identify a new market design problem, formalize it, and study it (formally
and/or computationally).

— Or take an existing market design solution (from the literature or from the
real-world) and extend or analyze it further (formally and/or
computationally).

— Main criterion: the project has to be interesting. The reader has to learn
something new! (not just a literature review!!)

— ldeal project: will lead to a workshop paper/conference paper!
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Project Examples from the Spring 2019
iteration of this class:

1. Deep Learning-powered lterative Combinatorial
Auctions. Jakob Weissteiner and Sven Seuken. In Proceedings
of the Thirty-fourth AAAI Conference on Artificial Intelligence
(AAAI-20), New York, NY, February 2020. [pdf]

2. Enabling Trade-offs in Machine Learning-based Matching
for Refugee Resettlement. Nils Olberg and Sven Seuken.

Working Paper. June 2019. [pdf]


https://arxiv.org/pdf/1907.05771v5.pdf
https://www.ifi.uzh.ch/ce/publications/enabling_trade_offs_refugee_matching.pdf

Projects: Timeline

* Project Proposals:
— Written proposal (1 page): due via OLAT, on Monday, 19.4.2021,
23.59

— Present project proposal in class (5-10 min): 21.4.2021

* Project report (min=10 pages; max=20 pages):
— Deadline: June 2, 2021, 10:15am
— Succinctness is good! Present what makes sense!

* Project Presentations:
— In class (10min): June 2, 2021
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MSc/PhD Level + Auditors

* For Credit: MSc/PhD
— UZH: The course is listed as an MSc/PhD course in the UZH catalogue =
straightforward

— MSc/PhD students from ETH = | am happy to sign any forms at the end of the
semester

Auditors:
— vyou are welcome, but | expect that you at least read the papers each week
(you do not need to present a paper or do the project)
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16



Teaching Staff

e Lecturer: Prof. Sven Seuken

e Teaching Assistants:

Jakob Weissteiner (TA)

* Questions? ask on OLAT; alternatively, email TA: Jakob Weissteiner
* No fixed office hours; email Jakob for appointments

© Sven Seuken, Department of Informatics, University of Zurich
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OLAT

e Please “register for the course” now, so that you automatically get
enrolled into the OLAT Campus course

e Alternatively, manually request access to the OLAT course. If you have
trouble, please email: weissteiner@ifi.uzh.ch

 What you will find on OLAT:
— All required readings/papers (to prepare for class)
— All lecture slides (from myself, and from students when they present)
— Upload link for response essays
— Forum to discuss project ideas
— Optional reading material
— Opportunity to ask questions (in the forum)

© Sven Seuken, Department of Informatics, University of Zurich
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Optional Text Books

 “Who Gets What--And Why: The New Economics of
Matchmaking and Market”, Alvin E. Roth, 2015.

* “Discovering Prices: Auction Design in Markets with Complex
Constraints”, Paul Milgrom, 2017.

© Sven Seuken, Department of Informatics, University of Zurich
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Collaboration Policy

* Single-person response essays:

Submit your own response essay, without sharing it with
someone else!

 Penalties:

Copying/plagiarism will not be accepted (from other
students, from the Internet, or from other sources). We
carefully check for this and if detected will take
appropriate steps including severe penalties (-100% per
homework) and we will inform the University.

* Discussions with class mates:

You are free to and encouraged to discuss the papers with
your fellow students, before and/or after writing your
response essay!

© Sven Seuken, Department of Informatics, University of Zurich
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Course Advice (MSc)

For MSc students who select "Computing and Economics" as
their major/minor, we recommend the following courses:

* Seminar: Advanced Topics in Economics and Computation
 Empirical Methods

* Advanced Microeconomics |

* Advanced Microeconomics Il

 Combinatorial and Approximation Algorithms

* Online and Approximation Algorithms

 Randomized and Online Algorithms

* Practical Al

* Big Data Analytics / Big Data and Business Analytics

* Introduction to Operations Research

© Sven Seuken, Department of Informatics, University of Zurich
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Workload Estimates...

* ~4 h/week: reading (the paper)

* 0.5 h/week: writing response essay

e 2 h/week: lecture

* ~15 hours to prepare paper presentation
* Project: ~60 hours

© Sven Seuken, Department of Informatics, University of Zurich
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Next Steps (1/2): Assigning Papers

We will put these slides online on my teaching website within next 2 hours:
https://www.ifi.uzh.ch/en/ce/teaching/spring2021/MDandML.html

e Until Friday (26.2.2021), 23:59, send an email to Jakob Weissteiner
(weissteiner@ifi.uzh.ch) containing the following information:

Name

Matrikelnummer (ETH/UZH)

Completion of AGT/E&C course (when?) or explicit consent of instructor?
Completion of ML course (when?) or explicit consent of instructor?
Ordinal preferences for topics, with indifferences (e.g., 3a, 3b, 3c):
1) Number of Topic A

2) Number of Topic B

3a) Number of Topic C

3b) Number of Topic D

3c) Number of Topic E

4) Number of Topic F

e See next page for identified for each paper!!

* Next Monday, we will use a “human-guided Random Serial Dictatorship (RSD)
Mechanism" to assign papers to students

 We will then send you your assigned paper via email
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List of Papers/Topics

Incentive Compatible Regression Learning (Dekel et al., 2010)

Machine Learning-powered lterative Combinatorial Auctions (Brero et al., 2021)

Optimal Auctions through Deep Learning (Dutting et al., 2019)
Reinforcement Learning of Simple Indirect Mechanisms (Brero et al., 2021)

Automated Mechanism Designh without Money via Machine Learning (Narasimhan, 2016)
The Al Economist: Improving Equality and Productivity with Al-Driven Tax Policies (Zheng et al., 2020)
Competing Bandits in Matching Markets (Liu et al., 2018)

Dynamic Incentive-aware Learning: Robust Pricing in Contextual Auctions (Golrezaei et al., 2020)

IomTmooON®p

Estimating Approximate Incentive Compatibility (Balcan et al., 2019)

J. lterated Deep Reinforcement Learning in Games: History-Aware Training for Improved Stability (Wright et al., 2019)
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https://www2.cs.duke.edu/courses/spring17/compsci590.2/Dekel.Fischer.ea-2010.pdf
https://arxiv.org/abs/2009.13605
http://paulduetting.com/pubs/deep-amd-icml.pdf
http://paulduetting.com/pubs/deep-amd-icml.pdf
https://arxiv.org/abs/2010.01180
https://www.ijcai.org/Proceedings/16/Papers/068.pdf
https://www.ijcai.org/Proceedings/16/Papers/068.pdf
https://arxiv.org/pdf/2004.13332.pdf
https://mdds.net.technion.ac.il/files/2019/06/ECLearning2019_paper_27.pdf
https://arxiv.org/pdf/2002.11137.pdf
https://arxiv.org/pdf/1902.09413.pdf
https://strategicreasoning.org/wp-content/uploads/2019/05/ec313-wrightA.pdf

Next Steps (2/2):
Read Paper + Write Response Essay

* Read first paper until next week, i.e:

e How Artificial Intelligence and Machine Learning Can
Impact Market Design (Milgrom & Tadelis, 2019)

* Write response essay (0.5 pages):
— Deadline: Monday, 23:59
— Submit via OLAT
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Questions

e  More information:
https://www.ifi.uzh.ch/en/ce/teaching/spring2021/MDandML.html

* More questions? --> email to weissteiner@ifi.uzh.ch
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