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Matching with preferences: Theory and Practice

Suppose that a CS department assigns a adviser to each new graduate student.
Each student has his/her own preference for professors and each professor does for
students. The assignment should be fair to both students and professors, where the
theory of stable matchings plays a key role. In this course, stable matchings, or more
generally matchings under preferences, are studied mainly from a theoretical point
of view but also on its wide range of applications to the real world. The Nobel Prize
2012 for Economics was awarded to Alvin E. Roth and Lloyd S. Shapley. Shapley,
with David Gale, first gave the notion of stable matchings with the Gale-Shapley
Algorithm and Roth has had a lot of contribution from both angles of Computer
Science and Economics. The topic is strongly related to the main research area of
the instructor.

1. Stable matchings, Introduction @ g" F/n:tf TC Wﬁ—’OI'l I\»j

1.1 Maximum bipartite matchings v B o
1.2 Maximum weighted bipartite matchings L" g’i]w'*u ’ A IR & L"
1.3 Men-Women matchings; Preference lists B < {la ;=" 1 !""\{ .
14 Blockh?g pairs ' . W € AX 2
1.5 Removing blocking pairs = . ]
Q p|.&d‘f % '. I—~5 Thm o [)).avf(tf 3

2. Stable marriage problem W\Jbﬂ/ﬂj «
2.1 Gale-Shapley algorithm; its novelty
2.2 Correctness and time complexity P L 3
2.3 Men/Women optimal stable matchings Il Ot
2.4 Average-case complexity A7 ° » b2

: : Oy b3
3. Mathematical structures of stable matchings
3.1 Finding stable matchings with features aﬁ- o R T
3.1 Describing all stable matchings he & by
3.2 Rotations

W-'= Cm,b;_),(aa,fw), L }

4. Some extensions to preference lists

4.1 Incomplete lists ma'fa[vj ‘[( G, b)) (qv,l}z), J
4.2 Indiffereces it e ), (G l,a) (G b ;)4
2 4

5. Hospital residence problem Nam blj M < w (ﬁ'\s‘ o malch ;')'.7
5.1 Definitions and solutions J‘/
5.2 Rural hospital theorem \]M l| =m o
5.3 Quota lower bounds (& h) b b)) e M
' I
6. Stable roommate problem =) 04 bab
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6.1 Stable roommate as stable marriage
6.2 How to obtain stable roommates

7. Real-world applications

7.1 Examples in US, UK, and others
7.2 Student assignment

7.3 Kidney exchange

8. Other models for matching with preferences
8.1 Weak and strong stabilities

8.2 Pareto optimality

8.3 Popular matchings

8.4 Online stable matchings

9. Game theoretical aspects of stable matchings
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