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THE WHINING PHILOSOPHERS PROBLEM
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ENVY-FREE RENT DIVISION

* Theorem [Sevensson 1983]: An envy-free
solution always exists

* Theorem [Aragones 1995]: An envy-free
solution can be computed in polynomial
time
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ENVY-FREE RENT DIVISION

* Theorem [Sevensson 1983]: An envy-free
solution always exists

* Theorem [Aragones 1995]: An envy-free
solution can be computed in polynomial
time

* Theorem |[Gal, Mash, P, Zick 2015]:

A solution that maximizes the minimum

utility subject to envy-freeness can be found
in polynomial time
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INDIVISIBLE GOODS

additive
valuations




e EF is infeasible =
random values?

* For each good g, draw ‘==

o Correlated
18}

values V1 (g), ..., V,(g9) |
from a distribution
over [0,1]"

* Theorem [Dickersonet |-~
al, 2014]: Under mild

teChnlcal assumptlons’ Min value of m such that 99% of
lfm — Q(n . l()gn) then instances admit an EF allocation
an EF allocation exists

w.h.p.asm — o



MAXIMIN SHARE GUARANTEE
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e Maximin share (MMS) guarantee [Budish
2011] of player i:

max min V;(X;)
X1,-0Xn

* Theorem [P & Wang 2014]: Vn = 3 there

exist additive valuation functions that do
not admit an MMS allocation




COUNTEREXAMPLE FORNn = 3
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e Maximin share (MMS) guarantee [Budish
2011] of player i:

max min V;(X;)
X1,-0Xn

* Theorem [P & Wang 2014]: Vn = 3 there

exist additive valuation functions that do
not admit an MMS allocation

* Theorem [P & Wang 2014]: It is always
possible to guarantee each player 2/3 of his
MMS guarantee (in poly time for constant n)
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Hervé Moulin

“... the reward of helping people who have a real fair division
problem by explaining our solutions, is that they in return pose
interesting and difficult new questions, food for our thoughts.

... It could be a goldmine of ideas, as well as a costly proposition
if there are too many questions!”



Fair division problem in the public school system =

I oo .

to admin |+

Hello,

| am the analytics specialist for _Dfﬁce of

Charter Schools.

| read about your company in the New Yo
school districts are tasked with a simil
year in the form uf
provide any unused space to Cha
more applicants than space available, an
becomes a political process that ends in
resources.| hope to create a program tha
results in the best possible allocation of t
both the school district and the charter sc

“... public school facilities
should be shared fairly
among all public school
pupils, including

those in charter schools.”

I'm writing in the hopes that there might be an interest in collaborating to create
a product that would streamline this process for school districts, allowing more
funds to go to students. If not, | was hoping that you might be able to point to
literature/contacts that would aid in this endeavor.

Thank you for your time and best of luck with the launch!



[ object, your honor —
the method is
provably fair!



OUR APPROACH

2015/2016 request
form: “provide a

 Facilities have capacities description of the

district school site

 Players have demands e
- which the charter
 Preferences are|/dichotomous school wishes to locate”
 Starting point: the Leximin 1
Mechanism [Bogomolnaia D __________ \ D
and Moulin 2004]



THE LEXIMIN MECHANISM




THE LEXIMIN MECHANISM




* Theorem [Kurokawa etal. 2015]:
The leximin mechanism satisfies
proportionality, envy-freeness,

-y
Pareto efficiency, and group
strategyproofness
* We actually prove this in a much

more general framework

* Theorem [Kurokawa etal. 2015]:
The expected number of units
allocated by the leximin mechanism
1/4-approximates the maximum
number of units that can be
allocated simultaneously




Performance of leximin
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