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add edge ij if i values j at least43

the probability that eachedge present
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For additive utilities envy freeness

implies proportionality
M Wi Mi 7mi IMa t t wi Mn wi M

man no envy free
allocationexists

me n each agent receives exactly
one idem all agents need tohave

different hop items unlikely
BalfhearemT no D n logly additive

m behaves like n log for large ruin
Then an allocation maximising social
welfare sum ofagents utilities is

envy free with high probability

GOD m meow envy allocation
unlikely to exist
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Proof again elementary
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im divisible by n envy free alecation
exists with high probability as long as

he 2 m

else envy freeallocation is unlikely
even when me mbfYeagley

Eury freeness up to one good EF n

Agent i may envy agent j
but the

envy can be eliminated by removing
an item from rj's bundle
Can be satisfied by the additive
round robin algorithm

the agents take turns choosing their
favorite item from the remaining items
i aheadof j then in every round i does not

envy j
i behind j Ahem consider the first round



Then
to start with i th first pick Then i

doesnot envy j up to j th first pick

Nashwelfare.LI of an allocation is the

product of the agent's utilities IInunLmi

theorem Caragiannis es al 2016

An allocation maximising the
NashmelfareLT is EFI

f il

Parehoophin we cannotmake some agent
better off without makinganother agent
worseoff
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Ewing cycle elimination algorithm
1 Allocate one good at a time in arbitrary
order

2 Maintain envygraph with the agents as

its vertices and an edge Cig q j
if i envies j with respect to the current

tartial allocation
3 At each step theneedgood

allocated to an

agent with no incoming edge o

Any cycle that arises is eliminated

by giving rj's bundle to i forany edge

q g
in the cycle

Ewing freeness up to anygood EF x

i may envy j but theenvy eliminated

by removing ANY item from j's bundle

The Plans Roughgarden
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An EFX allocation always exists for

identical monotonic valuations
Arbitrarymonotonicvaluations existenceopenfor73agents
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Wi weight of agent i
f i e ko n initial coverageof agent i
ri E cops final coverage of agent i

Filestfanchion
Allocation is balanced
between agents i i if
we f yi wi Kyi

gmarginal losses are in

inverse proportion to their
weights



justifallearylaiffet
i has a justifiable complain if
a i has coverage less than 100

2 Another user i receives a positive
allocation from a resource sharedwith it

C coveragesof iii are balanced
C it did not receive any allocationof this
shared resource or i received 100 coverage

Allocation satisfying n CY 13
is prgoihonallyfa n.fi
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