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Basic Question

We want a protocol so that n people can divide a good fairly.
This is actually many questions.

1) What kind of protocols are allowed?
Discrete Protocols People cut the pie.
Continuous Protocols A knife moves over the pie.

2) What type of goods are being allocated.
Continuous Good A pie.
Discrete Good An estate: A car, a house, some math books.

3) What is fairness?
This is the main topic of this slide packet.
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Valuations For Cakes

Part of a pie has chocolate and part has kale.
Alice likes chocolate, Bob likes kale.
Alice and Bob may have different valuations.

Def Let P be a pie.

A valuation on P is a function V that maps subsets of P to
[0, 1] such that

1) V(P)=1

2)If X, Y CPand X C Y then V(X) < V(Y).

X, YCTP, XNY =0then V(XUY)=V(X)+ V(Y).
Caveat As defined V is a map from every subset of P to [0,1].
There are some very weird subsets of R?

Last years Brin Math Program had a mini-course on weird sets.
Weird sets cause problems.

We will ignore those problems.
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We will define two definitions of fairness and give examples.
Examples will be discrete even though def was continuous.
6 items. Players assign value to each item. Total is 12.

We give an example of what we will do for examples.

I

hibh|B|l|l|l
All21212]12]2]2
Bil1|l1{2|2]3]|3
cj|ie6|4j1|1(0]0

A's view: A gets 6. B gets 4. C gets 2.
B's view: A gets 6. B gets 5. C gets 1.
C's view: A gets 7. B gets 1. C gets 4.
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We define two notions of fairness for 3 people, A, B, C.
A has valuation Vj4
B has valuation Vg
C has valuation V.

The definitions can easily be extended to n people.

All of our definitions assume that there are three people P that has
been allocated into three pieces:

A gets Py
B gets Pg
C gets Pc
P=PsUPgUPc
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The allocation is Proportional if
Va(Pa) > 3
Ve(Pg) > %
Ve(Pg) > 3

. 1
All think they have > 3.
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Example Where Prop but People Not Happy?

Consider this valuation

Wbl 1]l
Al 222122712
Bl1|1/2/2|3]|3
clelal1|1]|0]0

Do With Neighbor Find a proportional allocation.
Then Ask Are A, B, C all happy with this?
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S = N

O WIN

A, B, and C all get > 4 which is % of 12.
Are A, B, C happy with this allocation?
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B and C are Green with Envy

Wbl 1]l
Al 2222122
Bl1|1/2/2|3|3
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A's view: A gets 6. B gets 4. C gets 2.
B's view: A gets 7. B gets 4. C gets 1.
C’s view: A gets 2. B gets 6. C gets 4.

A is happy a a claim. Are clams really happy?
B is envious of A.

C is envious of B.
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Envy-Free Allocations

The allocation is Envy-Free if

Va(Pa) > Va(Pg), Va(Pc).
Ve(Pg) > Vs(Pa), Ve(Pc).
Ve(Pce) > Ve(Pa), Ve(Psg).

All think they got the biggest piece (or tied).
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An Envy-Free Allocation

Wbkl 5]l
Al 2222122
Bl1|1/2/2|3]|3
clelal1|1]/0]0

A's View: A gets 4. B gets 4. C gets 4.
B's View: A gets 4. B gets 4. C gets 2.
C’s View: A gets 0. B gets 2. C gets 10.

Nobody is envious. So is there still a reason to be unhappy?
Discuss.
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mind.
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A's View: A gets 4. B gets 4. C gets 4.

B's View: A gets 4. B gets 4. C gets 2.

C’s View: A gets 0. B gets 2. C gets 10.

Later A finds out C's valuation an realize that C got 10 in C's
mind.

So A is mad!

Editorial Note | think A is being petty and stupid.



