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Approval-Based Multiwinner Voting

Setting Example
N =[n] voters A company with 20 employees chooses a
C =[m] candidates 3-person committee:

A; € C  approval set
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Goal *
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Selection of a committee W C C °
of size k s
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What would be a fair outcome?
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Beyond Fixed Quota

Definition 1 (Hare Quota) Definition 2 (Adaptive Quota)

A group S C N is cohesive if A group S C N is c-cohesive for a € [0, 1] if
e |S|> 7, and e |S| >, and
® S approves a common candidate. ® S approves a common candidate.

A committee W satisfies a-Justified Representation (a-JR), if

a-cohesive group S = some i€ S has AiNW # (.

Goal: What is the smallest achievable « for a given multiwinner voting instance?
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Voting rules focus on covered candidates!

Minimize @« <= Minimize the size of the largest unrepresented group with a
common candidate.

$ m m ® Most common voting rules (PAV, MES,

Phragmén, ...) choose {FR, DE, IT}.

® The optimal committee according to a-JR is
IT {Mgr, Sales, IT}.

® The additive gap between the optimal and
returned a-value grows large.
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Computing Optimal Committees

It is hard to compute the minimal a-value for a given instance.

Nevertheless, ...
... for a given committee W, we can decide in polynomial time if it satisfies a-JR.
... for a given «, feasibility can be checked via an ILP formulation.

. the a-values can be separated into at most n equivalence classes.
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Restricted Domains

Candidate-interval (Cl)
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One can order the candidates such that
every approval ballot forms an interval.

Voter-interval (VI)
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The voters can be ordered such that ev-
ery candidate is approved by an interval.

For the Cl or VI domain, computing an a-optimal JR committee can be done in

polynomial time.
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Further Notes & Future Work

® The a-framework lifts naturally to cohesiveness-based axioms (EJR and EJR+).
» Our main hardness result carries over.
» In the VI and Cl domains, one can efficiently verify a-EJR for a given committee.
» For party-list profiles, we show that the d’"Hondt method computes the optimal
a-value for JR, EJR, and EJR+.

® Key open question:
» Can we efficiently compute an a-optimal EJR committee in the VI and Cl domains?
» Can we design voting rules that perform better with respect to the optimal «?
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