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Fair Division

Divide items among agents in a fair manner.
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Spectrum of the Problems

Divide items among agents in a fair manner.
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Spectrum of the Problems

Divide items among agents in a fair manner.
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Spectrum of the Problems

Divide items among agents in a fair manner.

ltems
Desirable Undesirable
Divisible Indivisible Divisible Indivisible
goods goods chores chores
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Spectrum of the Problems

Divide items among agents in a fair manner.

ltems Fairness
Desirable Undesirable Share based Envy based
Divisible Indivisible Divisible Indivisible
goods goods chores chores
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Spectrum of the Problems

Divide items among agents in a fair manner.

ltems
Desirable Undesirable
Divisible Indivisible Divisible Indivisible
goods goods chores chores

Fairness

Share based
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Spectrum of the Problems

Divide items among agents in a fair manner.
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Problem Definition
Given: Z = (N, M,V)

e N: set of n agents
e M: set of m indivisible goods
e Additive valuation functions v; : 2™ — R
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Problem Definition

Given: Z = (N, M,V)

o N: set of n agents w
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Problem Definition

Given: Z = (N, M,V)
X

e N: set of n agents w ¥
e NM: set of m indivisible goods

e Additive valuation functions v; : 2™ — R » )® & O
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Problem Definition

Given: Z = (N, M,V)
X

e N: set of n agents w ¥
e NM: set of m indivisible goods

e Additive valuation functions v; : 2™ — R » )® & O
vi(S) = 2 4es vi(19}) |
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Problem Definition
Given: Z = (N, M,V)

e N: set of n agents
e M: set of m indivisible goods
e Additive valuation functions v; : 2™ — R s

vi(S) = 2 5esvi(191)

Goal: Find a fair allocation of the goods to the agents.
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Problem Definition

Given: Z = (N, M,V)

il

o N: set of n agents w
e M: set of m indivisible goods

e Additive valuation functions v; : 2™ — R ®

vi(S) = 2 5esvi(191)

Ceny

Goal: Find a fair allocation of the goods to the agents.

A partition X = (X1, Xo,..., X,) of M
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Fairness: Share Based

Share based notions: v;(X;) > t; for all agents i
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Fairness: Share Based

Share based notions: v;(X;) > t; for all agents i

Proportionality:
o t; =v;(M)/n for all agents 7

e does not always exist.

llll\]llr“f‘;&tk

Hannaneh Akrami Fair Division



Fairness: Share Based

Share based notions: v;(X;) > t; for all agents i

Proportionality:

| am not getting my
proportional share.

o t; =v;(M)/n for all agents 7

e does not always exist.

l l I I I max planck institut
informatik

Hannaneh Akrami Fair Division



Fairness: Share Based

Share based notions: v;(X;) > t; for all agents i

Proportionality:

| am not getting my
proportional share.

o t; =v;(M)/n for all agents 7

e does not always exist.

Maximin share [Budish'11]:
= MMS;
e What if | divide and others choose?
e MMS (M) = max(p, ... p,)Minjcm vi(F;)
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Fairness: Share Based

Share based notions: v;(X;) > t; for all agents i

Proportionality:

| am not getting my
proportional share.

o t; =v;(M)/n for all agents 7

e does not always exist.

Maximin share [Budish'11]:
= MMS;
e \What if | divide and others choose?

| am getting my
Maximin share.

e MMS (M) = max(p, ... p,)Minjcm vi(F;)
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MMS Example

e MMS; = MMS} (M) = max(p, . . p,) min;ecp vi(P;)

[ A RN N N
2 | 2| 3

N
(@)
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MMS Example

e MMS; = MMSy. (M) = max(p, ... p,) Min e, Vi (F;)

CRRPAR ER B
> | 2| 3 3 MMS
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MMS Example

e MMS; = MMSy. (M) = max(p, ... p,) Min e, Vi (F;)

[ A RN N N
*;C:é‘}*’ MMS* =7
v 2 2 3 4 3 g
1| 5|2 3]2 MMS .. = 6
w
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MMS Example

¢ MMS,; = MMS} (M) = max(p, ... p,) Min e vi(P;)

.....

[ ZPAN BE B
MMS, =7
2 | 2| 3[4 ] 3 %
1| 5112 3] 2 MMS .. = 6
3

MMS allocation: o
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Maximin Share (MMS)

[ MMSZ = max(p,,..., P,) minje[n] Uz'(Pj)
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Maximin Share (MMS)

e MMS, = maxp;.....P,) minje[n] U’i(Pj)

e Allocation X is MMS, if v;(X;) > MMS; for all agents i € N.
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Maximin Share (MMS)

o MMSZ — max(p,

.....

e Allocation X is MMS, if v;(X;) > MMS; for all agents i € N.

e Does an MMS allocation always exist?
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Maximin Share (MMS)

o MMSZ — max(pl,m,pn) minje[n] ?)Z'(Pj)
e Allocation X is MMS, if v;(X;) > MMS; for all agents i € N.

e Does an MMS allocation always exist? No! [Procaccia, Wang'14]
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Maximin Share (MMS)

MMS; = maxp;.....P,) minje[n] U’i(Pj)
Allocation X is MMS, if v;(X;) > MMS; for all agents ¢ € N.
Does an MMS allocation always exist? No! [Procaccia, Wang'14]

What about approximations of MMS?
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Maximin Share (MMS)

MMS; = max(p,,... p,)min e vi(Fj)

Allocation X is MMS, if v;(X;) > MMS; for all agents ¢ € N.
Does an MMS allocation always exist? No! [Procaccia, Wang'14]

What about approximations of MMS?

Allocation X is a-MMS, if v;(X;) > aMMS; for all agents i € N.
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Related Work: Lower Bounds

e 2011: MMS is introduced [Budish'11]

e 2014: MMS allocations do not always exist! [Procaccia, wang'14]

[PW'14]
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Related Work: Lower Bounds
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e 2014: MMS allocations do not always exist! [Procaccia, wang'14]
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Related Work: Upper Bounds

e 2011: MMS is introduced [Budish'11]

e 2014: MMS allocations do not always exist! [Procaccia, Wang'14]
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Related Work: Upper Bounds

e 2011: MMS is introduced [Budish'11]

e 2014: MMS allocations do not always exist! [Procaccia, Wang'14]
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Our Result

[AGST’23]
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Our Result

When agents have additive valuations, there always exists a (3/4 + ¢)-MMS
allocation for € ~ 0.0007.
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Future Direction

o o-MMS: What is the best a7
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Future Direction

o o-MMS: What is the best a7

Additive: o > 3/4 + 0.0007 [A., Garg SODA’24]

SPLC: a > 1/2 [Chekuri, Kulkarni, Kulkarni, Mehta AAAI'24]
Submodular: o > 10/27 [Uziahu, Feige 23]

XOS: a > 3/13 [A., Mehlhorn, Seddighin, Shahkarami NeurlPS'23]
Subadditive: 1/(lognloglogn) [Seddighin, Seddighin AAAI'22]
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Future Direction

o o-MMS: What is the best a7

Additive: o > 3/4 + 0.0007 [A., Garg SODA'24]

SPLC: a > 1/2 [Chekuri, Kulkarni, Kulkarni, Mehta AAAI'24]
Submodular: o > 10/27 [Uziahu, Feige 23]

XOS: a > 3/13 [A., Mehlhorn, Seddighin, Shahkarami NeurlPS'23]
Subadditive: 1/(lognloglogn) [Seddighin, Seddighin AAAI'22]

e l-out-of-d-MMS: What is the best d?
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Future Direction

o o-MMS: What is the best a7

Additive: o > 3/4 + 0.0007 [A., Garg SODA'24]

SPLC: a > 1/2 [Chekuri, Kulkarni, Kulkarni, Mehta AAAI'24]
Submodular: o > 10/27 [Uziahu, Feige 23]

XOS: a > 3/13 [A., Mehlhorn, Seddighin, Shahkarami NeurlPS'23]
Subadditive: 1/(lognloglogn) [Seddighin, Seddighin AAAI'22]

e l-out-of-d-MMS: What is the best d?
d < 4|n/3] [A., Garg, Sharma, Taki EC'24]
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