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ROAD MAP

* What is fluid democracy?

% Our fluid democracy model and benchmarks to evaluate
its performance.

% in which fluid democracy performs well (that is,
better than direct democracy).
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WHAT IS FLUID DEMOCRACY?




WHY FLUID DEMOCRACY?

Ariel Procaccia’s slides on Liquid Democracy @ procaccia.info & Platon et Aristote, détail de "L'Ecole d'Athénes” de Raphaél, 1509-1510e Crédits : Ted Spiegel/CORBIS - Getty

Plato, The Republic & Aristotle Politics


http://procaccia.info
http://procaccia.info
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EPISTEMIC
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THE EPISTEMIC APPROACH

> nagentsvoteon {0,1}  oaeund St
Q/-\/
) e wP.w. P ) %

> Person i votes according to X; ~ Ber(p,

» Power of aggregation of imperfect information: n (large enough)
agents with p. = .501 vote better than one expert with p = .9999

2¢ Extended Condorcet's Jury Theorem (1785)
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@ A.Kahng, S. Mackenzie, and A. D. Procaccia. Liquid democracy: An algorithmic perspective.
Journal of Artificial Intelligence Research, 2021.

@ l. Caragiannis and E. Micha. A contribution to the critique of liquid democracy. In Proceedings
of the 28th International Joint Conference on Artificial Intelligence, 2019.

® P Golz, A. Kahng, S. Mackenzie, and A. D. Procaccia. The fluid mechanics of liquid democracy.
In Proceedings of the 14th Conference on Web and Internet Economics, 2018.
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G, = (W, wy, W3, wy3)

1772 = (P1> P2 P3» P>3)

(FD>5)—




DELEGATION MECHANISM

M= (q,p)

q:10,1] — [0,1] @:[0,1]° - R

q(p;) = Probability that p(p;, pj) = Weight
agent 1 delegates agent 1 puts on agent j



RECAP DEFINITIONS
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a¢ Delegation Instance (p ,, G,)

NA

| _ |
» gain(p ,,G ) = P(FD > 5) - P(X, > 5)

2

as Sampled Competencies Vi € [N],p, ~ &

Al

w~ Sampled Graph through the Delegation Mechanism M = (g, @)

Al

. — . o
as gain( p ,, G,) is hence a Random Variable




POSITIVE GAIN AND DO NO HARM

» There exists a distribution such that, the gain of fluid democracy is
close to 1 for large enough instances, with high probability.

Definition (Probabilistic positive gain). A mechanism M satisfies probabilistic positive gain with
respect to a class ® of distributions if there exists a distribution D € 3 such that for all £,0 > 0,
there exists ng € IV such that for all n > ng,

PD,M,n[gain(ﬁn, Gn) > 1 — 8] > 1—0.

» For all distributions, the loss of fluid democracy is arbitrarily small for
large enough instances, with high probability.

Definition (Probabilistic do no harm). A mechanism M satisfies probabilistic do no harm with
respect to a class ® of distributions if, for all distributions D € ® and all €,0 > 0, there exists
no € N such that for all n > ng,

]P’QM’n[gain(ﬁn, Gp) > —¢|>1—-06.



CORE LEMMA

N2

Ze Lemma

» Let M a mechanism and 9 a class of distributions, if for all

distribution in ® there exists a such that
n n
and (ii) z w;p:/n — Zpi/n > 2«

w.h.p., the mechanism satisfies probabilistic do no harm.

» Further, if there exists a distribution such that

w.h.p., the

mechanism satisfies probabilistic positive gain.




PROOF SKETCH

gain(p,,G,) > —P(FD < X))

We want to prove that w.h.p, gain(p,,G ) > — ¢

Z FD w.h.p.

by the law of total probability

by (ii) i W;D; — ipl- > 2an
i=1 i=1

by Hoeftding Inequality

by (1) max-weight(G,) = o(n)
and Chebyshev Inequality
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MECHANISMS




UprwARD DELEGATION

N

s Theorem 1

For all p € (0,1), the upward delegation mechanism

M = (q, @) such that g(x) = p and ¢(x,y) = 1,5y
satisfies probabilistic positive gain and do no harm with respect
to the class of continuous distributions.




CORE LEMMA

N2

Ze Lemma

» Let M a mechanism and 9 a class of distributions, if for all

distribution in ® there exists a such that
n n
and (ii) z w;p:/n — Zpi/n > 2«

w.h.p., the mechanism satisfies probabilistic do no harm.

» Further, if there exists a distribution such that

w.h.p., the

mechanism satisfies probabilistic positive gain.




PROOF SKETCH
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PROOF SKETCH max-weight(G,) = o(n)

We want to show that [P [W' > o(n)] < o(l)

By Markov Inequality, P [W.Z o(n)] <

Some more work is actually needed to handle all the components.



PROOF SKETCH 2wip,./n . zp/ > 2a

Condition (ii) is equivalent to saying that there is a positive
displacement of expertise post-delegation.

i, 7y

A positive fraction of voters see their effective expertise increased by at
least (b — a). With high probability, the expertise post-delegation
increased by pr, 7, (b — a)/8.



PROOF SKETCH ipi/n <1/2-aand iwipi/n > 12+«

For Condition (iii), it suffices to choose a distribution of competence
210,1 — 2n] with n small enough such that delegation pushes the

average competence above a hallf.
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@(p;,p;) = 1 (CONFIDENCE BASED

N2

s Theorem 2

All confidence based mechanisms M = (g, @) with

monotonically decreasing g and ¢(x, y) = 1 satisfy

probabilistic positive gain and do no harm with respect to the
class of continuous distributions.

g(p,) decreasing



(p;» py) increases in p, GENERAL CONTINUOUS

- < o < . s= Theorem 3

For all p € (0,1), all general continuous mechanisms

M = (q, @) with g(x) = p and ¢ is non-zero, continuous
and increasing in its second coordinate satisfies
probabilistic positive gain and do no harm with respect to the
class of continuous distributions.




TAKE AWAYS

*+ Natural fluid democracy mechanisms are likely to lead
to better voting results without the need for a central
planner.

+ Performance of fluid democracy can be related to mild
conditions on anti-concentration of power and an
increase in the expected expertise at the heart of
Condorcet's trade-off.

* While these mechanisms rely on few assumptions, we
do not have evidence that these are reasonable models.



FUTURE WORK

*+ Investigate reasonable mechanisms through a game-
theoretic approach

*+ Discuss the new models of governance with political
scientists and compare fluid democracy with sortition
and proxy voting.

* Run real-life fluid democracy experiments at MIT!



