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Abstract. This paper provides, for the first time, a rich mathematical
framework for reward sharing schemes in mining pools through an eco-
nomic design perspective. We analyze and design schemes by proposing
a comprehensive axiomatic approach. We depart from existing literature
in various ways. First, our axiomatic framework is not on the consensus
protocols but on the mining pools in any of these protocols. Second, our
model is not restricted to a static single block, since various schemes in
practice pay the miners repetitively over time in various blocks. Third,
we propose reward sharing schemes and allocations not on the miners in
a pool but instead on the shares submitted by these miners.

We demonstrate the flexibility of this space by formulating several
desirable axioms for reward sharing schemes. The first condition ensures
a fixed total reward that the fee charged by the pool manager is the same
for any two rounds in a history. The second condition, ordinality, requires
that time-shifts should not affect the reward distribution, so long as the
order of shares is preserved. The third condition, budget limit, requires
the pool manager to charge a nonnegative fee. The fourth condition,
round based rewards, requires that the distribution of the rewards in a
round only depends on that round. Finally, we introduce two axioms
concerning fairness, absolute redistribution and relative redistribution,
which demonstrates how the rewards should be redistributed when the
round is extended by an additional share. We show that, together with
other axioms, each of these fairness axioms, characterize two distinct
classes of reward sharing schemes. Thereafter, we characterize the gener-
alized class of proportional reward schemes, i.e., k-pseudo proportional
schemes, which satisfy both of these axioms simultaneously. We introduce
a final condition, strict positivity, which guarantees positive rewards for
all shares, for any history. Imposing this additional condition single outs
the well-known proportional reward scheme. The full article is available
at: https://arxiv.org/abs/2107.05302.
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Abstract. We present a general framework for submodular prophet
inequalities in the model introduced by Rubinstein and Singla [1], in
which the objective function is a submodular function on the set of
potential values instead of a linear one, via greedy Online Contention
Resolution Schemes and correlation gaps. The framework builds upon
the existing work of [1], yielding substantially improved constant factor
competitive ratios for both monotone and general submodular functions,
for various constraints beyond a single matroid constraint. As an addi-
tional improvement, it can be implemented in polynomial time for several
classes of interesting constraints.

Along the way, we strengthen the notion of correlation gap for non-
negative submodular functions introduced in [1], and provide a fine-
grained variant of the standard correlation gap. For both cases, our
bounds are cleaner and tighter. Furthermore, we present a refined anal-
ysis of the Measured Continuous Greedy algorithm for polytopes with
small coordinates and general non-negative submodular functions, show-
ing that, for these cases, it yields a bound that matches the bound of
Continuous Greedy for the monotone case.

A full version of this paper is available at https://arxiv.org/abs/2107.
03662.
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In this paper we study vote delegation and compare it with conventional vot-
ing. Typical examples for vote delegation are validation or governance tasks on
blockchains and liquid democracy. Specifically, we study vote delegation with
well-behaving and misbehaving agents under three assumptions. First, voting
is costly for well-behaving agents. That means, if a well-behaving individual
abstains or delegates his/her vote, s/he is better off than with voting as long
as his/her action does not affect the voting outcome. Second, the minority—
composed of misbehaving voters—always votes. The rationale is that this minor-
ity is composed of determined agents who have either a strong desire to disrupt
the functioning of the system, or to derive utility from expressing their minority
view. Third, the preferences of agents are assumed to be private information.
We evaluate vote delegation and conventional voting regarding the chance that
well-behaving agents win.

Results: We provide three insights. First, if the number of misbehaving voters is
high, both voting methods fail to deliver a positive outcome. Second, if the num-
ber of misbehaving voters is moderate, conventional voting delivers a positive
outcome, while vote delegation fails with probability one. Third, with numerical
simulations, we show that if the number of misbehaving voters is low, delegation
delivers a positive outcome with a higher probability than conventional vot-
ing. Formally, we find that for any cost of voting c, there are thresholds f∗(c)
and n∗(f) such that for any number of misbehaving voters f above f∗ and an
expected number of well-behaving agents above n∗, misbehaving voters will have
the majority of votes and will win.

Our results have immediate implications for blockchains, i.e. they infer that
vote delegation should only be allowed if it is guaranteed that the absolute
number of misbehaving agents is below a certain threshold. Otherwise, vote del-
egation increases the risk for negative outcomes. Our results can also help assess
the performance of vote delegation in democracy, a form of democracy known as
“liquid democracy”. Indeed, for a liquid democracy, our result is the worst-case
result when delegating agents cannot trust those to whom they delegate. In the
context of liquid democracy, we can view misbehaving voters as a determined
minority who will vote no matter the costs. Well-behaving agents are a majority
and balance costs of voting and impact on the outcome. Our result implies that
if the size of the determined minority is not too small, vote delegation can lower
the likelihood that the majority wins.

A Full Version of the Paper Can Be Found at https://arxiv.org/abs/2102.08823.
Partly Supported by the Zurich Information Security and Privacy Center (ZISC)
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We consider normal-form games with n players and two strategies for each player,
where the payoffs are i.i.d. random variables with some distribution F . For each
strategy profile, we consider the (random) average payoff of the players, called
average social utility (ASU). Most of the literature on games with random pay-
offs deals with the number of pure (or mixed) equilibria and its dependence on
the payoffs distribution. Here we consider a different issue, i.e., efficiency of equi-
libria.

We first show that the optimal ASU converges in probability to a determinis-
tic value that can be characterized in terms of the large deviation rate of F . Then
we move to examine the asymptotic ASU of the pure Nash equilibrium (PNE).
We start by considering the case in which F has no atoms. In this case, it is
well known that asymptotically the number of PNE has a Poisson distribution
with mean 1. This implies that we typically do not have many equilibria. We
show that, when equilibria exist, in the limit they all share the same ASU. We
then consider the case in which F has some atoms. Amiet et al. [1] show that
the presence of atoms in the distribution F dramatically changes the existence
issue: in this case, with probability converging to 1 as the number of players
grows to infinity, there will be exponentially many PNE. We show that in this
case the ASU of the best and the worst pure equilibrium converge in probability
to two values, which we call xbeq and xweq. Studying the best and worst PNE is
standard in algorithmic game theory, which is often preoccupied with worst-case
scenarios. The unusual phenomenon in our asymptotic framework is the high
number of PNE, so that it is also important to study the efficiency of “most”
equilibria. In this respect, we show that asymptotically all but a vanishingly
small fraction of equilibria share the same ASU, xtyp, which lies between the two
extrema xbeq and xweq. In other words, most PNE have the same asymptotic
ASU, but there exist also PNE having a quite different efficiency.1
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