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» Finite set of indivisible items

Agents-.havéadd_itivepreferen(:es over bundles of items |

B Gé)al':ﬁA_'_l“»locate‘ i.t.ems'to agents_ . .

B _Items are arranged in a graph only allowed to hand out
. .».._connected bundles ’




Fazr Dzvzszon of a Graph . = A
I]CAI 17 Bouveret Cechlarova Elkznd Igamshz andP

s NP- complete to dec1de ex1stence of envy-free or
prOpcrtlonal allocat1ons even on a path

7 '_,,*Tractable 1f there are few player types |

:There always exists an MMS allocation if graph is a tree
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_ % A connected allocatlon is PO 1f no other
~ connected allocation makes someone better off
& and no one worse off - ’

'Wlthout Connect1V1ty, standard way of achieving
- thls hand each 1tem to agent prefernng it most ‘

: : MMS ex1sts on trees, so PO + MMS exists. Can *
e i"'we ﬁnd 1t eff1c1ently7 -

. Wa1t a mlnute Can we f1nd PO eff1c1ently7 weallow0 |8
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On paths Versmn of- .
Serlal d1ctatorsh1p =
& glves a PO allocatlon = - On general trees,
E _(but Welfafe max jshard) NP- hard (under Turing red.)

to produce any PO allocation

. . ‘ : = e = reduction from X3C via perfectlon
‘ pathwidth 3, dlameter 7

‘ ‘ ‘ On stars can use | welf. maX ha‘d‘:
. |
‘ 0 ‘ matchmg to max1m15e

L ut111tar1an Welfare -




. PO always exrsts — S0 how to show hardness7

Use techmque from hedomc games
= H A21z F Brandt and P Harrenstem
s Pareto optlmahty in Coahtlon format1on GEB ( 2013 )

Suppose we can show that
~ itis NP-complete to dec1de Whether there isan
| allocatlon wh1ch is perfect

. .vhiThen lt is NP hard under Turmg reduct1ons to ﬁnd a PO_ i
- allocatlon e




81mple to ﬁnd reductlen -

showmg hardness for forest |
(each player_can only get one component) :

- try to make reduction 1nto a star
= but center player can get two components'

®  solution: everything x2, then make star =
L . .icenter player can only mess up one of the o
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' The max1m1r1 share of a player is

mms (I)'_: P majc)eﬂn jrrelbrll] U (Pj‘).

. Intu1t1on Cut mto n pieces, choose last.

& ‘Max1m1se over cormecteol part1t1ons only — '
B ":MMS values smaller than normal ”

= 'f_j-Adaptatron of a movmg knife protocol
'procluces an allocatlon where every player
receives at least the1r MMS share




MMS always ex1sts on trees.
Pareto 1mpr0vements preserve MMS
e - PO + MMS exists on trees

. eeccoce
"—_'-'Fmdmg a PO+ MMS allocatlon
: s NP hard ona path |

Proof: take forest reduction,'_”
connect into path, '

'ffremams hard for a: MMS . add dummy players

- whose MMS guarantee |
~separate the pieces

for ﬁxed a > O
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| On paths P hard to déc1de Whether a
e PO + EFl allocatlon ex1sts

10



|+ Same thing for chores
_ + Restricted utility classes
W-.Welfére.maxi-misati‘()n (approximations)

. Local envy freeness only envy bundles next to
yours _

* Approx1mate efﬁc1ency7 Weaker concepts than PO7 -::




