Minicourses Content
MI. 
Lecture 1:    Two-sided Matching
Stable matchings, the Gale-Shapley procedure, incentive-compatibility of the procedure (Freedman-Dubins), lattice structure of stable matchings. Application: the National Resident Matching Program in USA.
Lecture 2:    One-sided Matching
Housing market (Shapley-Scarf); core and strict core; the mechanism of top-trading cycles (Gale); incentive-compatibility of the mechanism. Application: Kidney Exchange.
Lecture 3: Cooperative Games, Core and Value
TU games, Core, Shapley Value, Stability vs. Equity. Applications: cost-allocation of shared facilities, measuring power in voting systems (UN Security Courncil).
Lecture 4: Convex Games
The centrality of the Shapley Value in the Core. Application: Cost-allocation in network games.
MII. 
Lecture 1:    Introduction and basics
What are matching markets?
Stable matching and deferred acceptance algorithms
Matching with transfers
Lecture 2: Basics of Traffic Congestion and Road Pricing
Vickrey’s Bottleneck Model of Traffic Congestion
Congestion Pricing Theory, with and without Matching of Carpooling Partners
Lecture 3: Empirical Studies
Congestion Pricing around the World
Case Study: Congestion Pricing in New York City
Lecture 4: Looking into the Future: Carpooling, Congestion Pricing, and Self-Driving Cars
 Complementarities between autonomous transportation, efficient carpooling, and smart congestion pricing
Optimal regulation and market design for transportation with self-driving cars, carpooling, and congestion pricing
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MIII. 
Algorithmic game theory is emerging as a major area also in computer science and Learning Theory. 
Brief syllabus:
Markov Chains, Markov Decision Processes (MDP) with finitely many states and actions.. Discounted and undiscounted payoffs. Perfect recall and behavioral strategies. Policy iteration for discounted payoffs.  Linear programming (LP) algorithm for  Cesaro payoff MDP. 
Stochastic games and  orderfield property.  Discounted and Cesaro payoffs for two person zero sum stochastic games. Shapley's value  equation and stationary optimals for discounted payoffs. Solving single controller stochastic games via LP.  Stochastic games with perfect information and policy iteration for solving zero sum two person discounted stochastic games with perfect information . Solving stochastic games of perfect information with Cesaro payoffs using lexicographic policy  iterations. Non-zero sum stochastic games and open problems. 
Program:
Lecture 1: Minimax Theorem, compute the value for some 2 by 2 game or 2 by n game and mention Linear programming. Bimatrix games and Nash equilibrium with simple examples and computing Nash equilibria for simple case and talk about linear complementarity and Lemke-Howson algorithm. 
Lecture 2: Introduce stationary Markov chains, and Markov decision processes with examples based on the second notes enclosed. 
Lecture 3: Policy improvement algorithm, of Blackwell and discounted stochastic games of Shapley. The key theorems for structured classes of zero sum stochastic games with discounted and undiscounted payoffs. 
Lecture 4: Single controller zero sum and non-zero sum two person stochastic games, Additive reward additive transition stochastic games and problems of strategy complexity via the big match of Blackwell and Ferguson. 
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MIV. 
Lecture 1: Competitive fairness
Fair Share guarantees and Envy Freeness 
Arrow Debreu commodities and convex preferences: the Competitive Equilibrium from Equal Incomes solution
Homogeneous preferences and the Gale Eisenberg theorem 
Lecture 2: Variants and limits of the competitive approach 
Non convex preferences; mixed goods and bads.
Assignment with cash transfers or with lotteries. 
Cake cutting, Divide and Choose and the elusive Fair Share. 
Lecture 3: Welfarist fairness
Solidarity when the resources or the population change; the Egalitarian Equivalent solution; comparing the EE and CEEI solutions under substitutable or complementary commodities.
Lecture 4: Indivisible goods or bads (additive utilities) 
Searching for a Fair Share
Approximate Proportionality: goods versus bads 
Approximate Envy Freeness; the Nash Max Product solution
MV. 
Lecture 1: Bimatrix games (two-player games in strategic form) 
• Mixed strategies
• Best-response condition (only pure best responses can be played with positive
probability)
• Convex combinations • Zero-sum games
• Short proof of the minimax theorem by Loomis
Geometry of Nash equilibria in bimatrix games 
• Upper envelope of expected payoffs
• Best-response polyhedra and polytopes • The Lemke-Howson algorithm
• Nondegeneracy • Oddness of Nash equilibria in nondegenerate games
Lecture 2: Algorithmic aspects 
• Complementary pivoting • Lexicographic degeneracy resolution • Integer Pivoting
• The Harsanyi-Selten tracing procedure via Lemke’s algorithm • Finding all Nash equilibria via vertex enumeration
The equilibrium index 
• Definition of the index via determinants 
• Endpoints of Lemke-Howson paths have opposite index
Lecture 3: Extensive games 
• Games in extensive form, information sets 
• The sequence form
• Reduced strategies in extensive games 
• Exponential size of the reduced strategic form 
• Sequences instead of strategies: same (instead of exponential) size as the game tree 
• Kuhn’s theorem for games with perfect recall: behavior strategies suffice 
• Finding optimal strategies in a zero-sum extensive game with perfect recall via a linear program of the same size 
• Non-zero-sum extensive game: Linear Complementarity Problem • Applying the Harsanyi-Selten tracing procedure and Lemke’s algorithm to the sequence form
Lecture 4: Correlated equilibria 
• Definition of correlated equilibrium (CE), coarse correlated equilibrium 
• Existence proof of CE via zero-sum games (Hart and Schmeidler 1990) 
• Challenge: CE for extensive games
• New definition: Extensive-Form Correlated Equilibrium
		Computational hardness results 
• Maximum-payoff CE is NP-hard
• Exponentially long Lemke-Howson Paths via cyclic polytopes
 MVI. 
Content: The aim of the course is to realize that many forms of economic interaction involve problems with asymmetric information. We will study situations with moral hazard and adverse selection and study their solutions and some extensions. We will also show the use of matching theory as a tool to study incentive contracts in general equilibrium environments.
Lecture 1: 
Introduction and reference model 
Introduction to Moral Hazard
Lecture 2:
Limited liability and CARA simple models 
Behavioral considerations
Lecture 3:
Moral hazard in a market
Lecture 4:
Introduction to Adverse Selection 
Competition among principals
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