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The Stable Matching Problem
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Example: The National Resident Matching Program

® Assigns medical students to residency programs.
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® Assigns medical students to residency programs.

® Note that this is a bipartite graph.
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Example: The National Resident Matching Program
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Solution: The Gale-Shapley Algorithm (1962)

@ The students all submit a proposal to their top program that hasn't rejected
them yet (they've already sent applications).
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Solution: The Gale-Shapley Algorithm (1962)
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Solution: The Gale-Shapley Algorithm (1962)
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How well does this work?

® This algorithm always terminates.

® The output will be a stable matching.

® Since we focused on the students’
preferences, they got the best stable

matching possible!
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What Assumptions Did We Make?

o Consistently ordered preferences
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Here we found a stable matching. But
can we always find one?
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In a slightly different world,
maybe E prefers to be matched
with C' instead of F'. Now what
happens?
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The Stable “Roommates” Problem
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Bipartite graphs have no triangles, so this Hence, if we remove the

kind of cycle can never happen there. condition that everyone has to be

straight, relationships become
mathematically harder!
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Further Investigations

¢ In the Stable Marriage Problem (the boring one), can we find a stable
matching that balances out each groups’ preferences?
® (Viet/Lee/Trang/Chung 2016) use simulations to approximate optimality.
® (Irving 1985): Algorithm shows when the Stable “Roommates” Problem has a
stable matching on 2n vertices, and finds one if it exists.
® (Cseh/Manlove 2016) show that allowing for “unacceptable partners’ (as we've
done throughout) makes the problem NP-hard.
® Can we extend this problem (and the idea of stability) to allow for “matches”
of 3 or more people?
® (Bir6 2007) defines a “stable fractional matching” in a hypergraph, and proves

that one always exists.
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