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* Goal : Selectk candidates (K is given
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Thiele methods : Given weights W, he T, Es 2 .
. . . 7,

0

find a sizeK committee W that maximizes

Score (W)=+& Iw Ail

utility function u :N-1

Approval Voting (AV) : 1
,
1

, 1 - -

v() := w
, tht ... + We
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NP-hand Whenever Fl St.

N u(l+1) - u(l) < u(e) - u(l-1)

Av
3- ·
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C K= 3 : AV picks [4 ,2 ,5)
9 · ·

·
· · ·
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Any large and cohesive set of voters deserves representation
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Large Cohesive Representation

strong justified rpi ISK/IAild IWMAil

Justified representation ISITIAil1 /WMUAiI
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JR CAN BE TOO PERMISSIVE

C E

· ↳ G
k= 3 ·
·

· ·

·

5915 , 4) satisfies JR

but 59 , 2 , 33 may
be more representative

Idea : Very large cohesive group of votes desures many representatives
~/k votes > I representative
1 ./ voters > I representatives
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EXTENDED JUSTIFIED REPRESENTATION (EJR)
·Aziz ,

Brill
, Conitzer ,

Elkind
,
Freman

,
Walsh Soc . Choice & Welfare (20175]

: AV fails JR => AV fails EJR

: ce satisfies JR but fails EJR (Exercise)

: PAV satisfies EJR (Exercise : exchange argument)
↳ Only Thiele method that provides EJR
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Q. Can an EJR committee be computed in polynomial time ?

Recall the proof of "PAV satisfies JR/EJR"

if given Committee fails JR

=> a "nearby" committee has a higher PAN score

S 2
swap a candidate by at leasta



COMPLEXITY OF EJR

Local Search PAN
[Aziz ,

Elkind
, Huang ,

Lacknes
,
Sanchez-Fernandez

,
Skowron AAAI 2018]



COMPLEXITY OF EJR

Local Search PAN
[Aziz ,

Elkind
, Huang ,

Lacknes
,
Sanchez-Fernandez

,
Skowron AAAI 2018]

* start with an arbitrary committee.

* Swap a candidate if PAV score improves byi
otherwise return the current committee.



COMPLEXITY OF EJR

Local Search PAN
[Aziz ,

Elkind
, Huang ,

Lacknes
,
Sanchez-Fernandez

,
Skowron AAAI 2018]

* start with an arbitrary committee.

* Swap a candidate if PAV score improves byi
otherwise return the current committee.

: Satisfies EJR



COMPLEXITY OF EJR

Local Search PAN
[Aziz ,

Elkind
, Huang ,

Lacknes
,
Sanchez-Fernandez

,
Skowron AAAI 2018]

* start with an arbitrary committee.

* Swap a candidate if PAV score improves byi
otherwise return the current committee.

: Satisfies EJR

· Polynomial time Why ?



COMPLEXITY OF EJR

Local Search PAN
[Aziz ,

Elkind
, Huang ,

Lacknes
,
Sanchez-Fernandez

,
Skowron AAAI 2018]

* start with an arbitrary committee.

* Swap a candidate if PAV score improves byi
otherwise return the current committee.

: Satisfies EJR

: Polynomial time Why ? max . PAU score-n . In k
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Large Cohesive Representation

strong justified rpi ISK/IAild IWMAil

Justified representation ISITIAil1 /WMUAiI
- its s .

t
.

Extended justified hup ISK/ /Al (WAIK
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WHEN IS A COMMITTEE "REPRESENTATIVE" ?

Existence Computation Verification

strong justified repr May not exist

Justified representation Always exists Poly time Polytime
(C , PAV) (Local Search PAN)

Extended justified heph Always exists Poly time Co-NP-complete

(PAVS Local Search PAN)
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QUIZ

In the given voting instance
, identify a committee that

satisfies STR but fails EJR.

c = [a , b , c ,
d

, e] k = 4

v : Ea , byv2 : Sa ,
b

us : Ses

Va : [d , e}



PLAN FOR TODAY

* More voting rules : Sequential PA

* More representation axioms : Core

* Other properties : Strategy proofness
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SEQUENTIAL PAU

+ w =
* While IWK < K

find candidatec that maximizes PAU score of WrEc]

w = WUEc]

C3 k = 2

·

CI · PAV : [2 . 3)
·

2 Seg . Par : <9 ,<3 on <4 , 33
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SEQUENTIAL PAU

Thm : PAY score of Seq .

PAY committee (-1) opt. PAY Score
Proof idea : PAV score is submodular.

-> 63 %

f(wuses) - f(w) f(wusay) - firs

if We W

[Sanchez-Fernandez
,

Elkind
,

Lackne
,
Fernandez

,
Fisters

,
Val

,
Skowron AAAT 2017)

Seq . PAV satisfies JR for KE5 and fails JR for Ky6 .
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IS EJR TOO PERMISSIVE ?

k= 12

vI I By In vo %6 VI ↳ V Un vo %6

PAV committee "Fairer" representation

Half of Voter population deserves half of the seats.
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CORE

A group of votes S with 1S11 . 1 blocks committee W
K

if there is a subset T & C with ITI = 1 such that

↓ its /ANTK /AinW .

Committee W is in the core if it is not blocked.
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T k= 12

VI ↳ V Un vo %6 VI V ↳ Un v V6

Not Core al
Core

S = 54 ,
1

,
u3 1S16 . 677

12
- k
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CORE

Obsure : Core EJR
.

Why ? Voter violating EJR constitute a blocking coalition with T&1AiIES

Q .

Does a core committee always exist ? Open !

Core v/s egalitarian (Pigou-Dalton)

v I I I In Y 16 I h B In vo 16



PICTURE SO FAR

Core Existence open !

V

STR

EJR Exists + Poly time ,
hand to verify

May not exist -v
JR Exists + Poly time , easy to verify
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STRATEGY PROOFNESS

# approved candidates
wet true prefs

S
No voter can drive a higher utility

by misuporting its approved set of candidates.
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PAV is not strategy proof.
k= 3

3 C4 3 C4

2 2

C C

vi V Vo Va Vs vi V Vo Va Vs

PAV selects 59 ,2 , 33 PAV selects 59 ,2 , &]
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STRATEGY PROOFNESS

[Petus ,
AAMAS 2018

Thm : No voting rule is strategyproof and satisfies JR.

Proof : By SAT solving
.

* Approval voting is strategy proof but fails JR.
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COURSE RECAP

* Interplay of computation and incentives

Matching Fair Division Voting
* Deferred- acceptance * Cake and rent division * Rules

,
rules

,
rules !

* Stable lattice A EFI and envy cycles * Manipulation is inevitable
*Stability v truthfulness A Nash social welfare X... but as saves the day !

* Fair matchings * Top-trading envy cycles * Structure helps
* Top-trading cycles * Axioms-> Quantitative

and kidney exchange *
Best of both worlds



TAKE AWAYS

* Collective decision-making is everywhere !

* Algorithms affect and are affected by users' incentives

11111
A Computation Economics



NEXT TIME

Guest lecture on "SAT solving"
by Priyanka Golia.




