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More common ballot format for many candidates: approval preferences.
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More common ballot format for many candidates: approval preferences.

_ Voter 3 Voter4 Voter5 Voter6 Voter /7 Voter 8
Cand. 1 v X X X v 4 v 4 v v
Cand. 2 v v v v X X X X
Cand. 3 X X v v v v v v
Cand. 4 X X v v v v v v
Cand. 5 X X v X v v v v
Cand. 6 X v X X 4 v v v
Cand. 7 v v v v X X X X
Cand. 8 X X v v v v v v
Cand. 9 X X v v v v v v
Cand. 10 X X X v v v v v

What if we need to select a committee of size 4? Tradeoff between utility and fairness.
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Problem with approval voting: Candidates 3, 4, 8, and 9 are in the most approval sets,
but that doesn't give good coverage.
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Problem with approval voting: Candidates 3, 4, 8, and 9 are in the most approval sets,
but that doesn't give good coverage.

Big idea behind committee selection fairness notions: Voters 1 and 2 deserve 1 of the
k candidates because they constitute 1/k of the population.
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4. If 1/k of the voters can agree on a single candidate,
then that candidate is on the committee.

Note: 4 =>3=2=>1
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V «— set of all voters;

FOR/i=1, 2, ... k:
C; < candidate approved by the most number of voters in V;
V — V \ {voters approving of ¢;};

RETURN {c1, ¢, ..., Ck};

Proof. Suppose JR is violated.
Then there best candidate among

V is approved by at least n/k voters.
So this must have held every
@ @ @ 9 @ iteration of the loop!



Chamberlin-Courant method

V «— set of all voters;

FOR/i =1, 2, ..., k:
C; «— candidate approved by the most number of voters in V;
V — V \ {voters approving of ¢;};

RETURN {c1, €y, ..., Ck};

Theorem]
CC satisfies JR. ‘

0 9 9 a 6 Proof. Suppose JR is violated.

Then there best candidate among
V is approved by at least n/k voters.
So this must have held every

@ 0 @ 9 @ iteration of the loop! So n/k voters
were removed each iteration, so
there are none left, contradiction. m
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Does this committee satisfy JR?
> Yes.

Is it Pareto efficient?
> No, {1, 4, 6, 9} is better.
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that can agree on £ candidates, yet none have ¢ approved candidates on the committee.
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Extended Justified Representation: Violated if there is a group of at least f/k voters
that can agree on £ candidates, yet none have ¢ approved candidates on the committee.

Core: Violated if there is a group of at least £/k voters that can form an alternative
committee of size £ giving a larger number of approved candidates to each member.



Other notions of fairness
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Why is Catalonia seeking independence?

Catalonia, which is Spain‘s richest region, has a distinct cultural heritage and
language. The push for independence crystallized during the fallout of the global
financial crisis in 2008. Some Catalans believe the country’s rising unemployment
levels and languishing economy was pulling the region down, and they began to

seek greater autonomy from Madrid.

Extended Justified Representation: Violated if there is a group of at least K/k voters
that can agree on £ candidates, yet none have ¢ approved candidates on the committee.

Core: Violated if there is a group of at least £/k voters that can form an alternative
committee of size £ giving a larger number of approved candidates to each member.
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Core 7?2 Open Question: Is the core always feasible?

M (EJR is special case where the blocking coalition all get utility £.)

EJR « Proportional Approval Voting (PAV)

M (JR is special case where £ = 1.) Open Question: Is there a
committee monotone rule (increasing
JR ¢ Chamberlin-Courant k doesn't kick candidates off the

committee) that satisfies EJR?

PAV: Select the set C of k candidates maximizing:

num candidates in
C' approved by ¢ 1

> S
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num candidates in
C approved by 2 1
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Extended Justified Representation: Violated if there is a group of at least f/k voters
that can agree on £ candidates, yet none have ¢ approved candidates on the committee.
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PAV satisfies EJR - proof sketch, k = 10
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Extended Justified Representation: Violated if there is a group of at least E/k voters
that can agree on £ candidates, yet none have ¢ approved candidates on the committee.
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Extended Justified Representation: Violated if there is a group of at least E/k voters
that can agree on £ candidates, yet none have ¢ approved candidates on the committee.
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It suffices to show that if EJR is violated, it didn't have the optimal PAV score.
So suppose S C |n| violates EJR for committee C. Pick some ¢ € [),.¢ 4i.

¢ : ' 1 £ 1 n
lAddC'Ga'nZ‘S"YZn'?’TZE

C/

- : 1 - /
l Remove a random candidate: Expected loss = =1 ZC,EC,(IOSS from removing ¢’)

1 1 1 1 n
C" T E+1 ZC’EC’ Zi:CIEAi |A;NC!| k41 Zz’eX(g[n]) ZC’EAZ-HC’ |A;NC| < k+1

Extended Justified Representation: Violated if there is a group of at least K/k voters
that can agree on £ candidates, yet none have ¢ approved candidates on the committee.



Like committee selection from approval ballots, but with weighted candidates!

Project

Bike path
Outdoor gym
New park

New playground
Library for kids

Cost
$700
$400
$250
$200
$100

Example from Dominik Peters and Piotr Skowron

Suppose the total budget is $1,100.



Like committee selection from approval ballots, but with weighted candidates!

Project

Bike path
Outdoor gym
New park

New playground
Library for kids
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$700
$400
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$200
$100
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Suppose the total budget is $1,100.
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Like committee selection from approval ballots, but with weighted candidates!

Project

Bike path
Outdoor gym
New park

New playground
Library for kids

Cost
$700
$400
$250
$200
$100

Vi V2 V3 Vv4 V5 V6 V/ V8 V9 V10 V1l

v v Vv v Vv V/ v
v v Vv v Vv V/
v v v v v
v v VvV V
v v v

Example from Dominik Peters and Piotr Skowron

Suppose the total budget is $1,100. A greedy policy would spend the entire budget on
the first two projects.



Like committee selection from approval ballots, but with weighted candidates!

Project Cost Vi V2 V3 Vv4 V5 V6 V/ V8 V9 V10 V1l

Bike path  $700 v Vv Vv v Vv V v
Outdoor gym  $400 v v v Vv Vv V
New park $250 v v vV v v
New playground $200 v v Vv V
Library for kids $100 v v Vv

Example from Dominik Peters and Piotr Skowron

Suppose the total budget is $1,100. A greedy policy would spend the entire budget on
the first two projects.

A better way - Method of Equal Shares: https://equalshares.net/


https://equalshares.net/

Participatory budgeting

Like committee selection from approval ballots, but with weighted candidates!

Project Cost Vi V2 V3 V4 V5 V6 V/ V8 V9 V10 V11

Bike path  $700 v v Vv Vv Vv V 4
Outdoor gym  $400 v Vv Vv Vv VvV V
New park $250 v v Vv v v
New playground $200 v v Vv V
Library for kids $100 v v v

Example from Dominik Peters and Piotr Skowron

Suppose the total budget is $1,100. A greedy policy would spend the entire budget on
the first two projects.

A better way - Method of Equal Shares: https://equalshares.net/ This satisfies...

EJR (for PB): Violated if there is a group consisting of an «-fraction of voters that can
spend an «-fraction of the budget on projects that they all approve of, increasing the
number of approved projects for every member of the group.


https://equalshares.net/

