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ABSTRACT

Maximal Extractable Value (MEV) has emerged as a new frontier in
the design of blockchain systems. MEV refers to any excess value
that a block producer can realize by manipulating the ordering of
transactions. In this paper, we propose to make the MEV extraction
rate part of the protocol design space. Our aim is to leverage this
parameter to maintain a healthy balance between block producers
(who need to be compensated for the service they provide) and users
(who need to feel encouraged to transact). We design a dynamic
mechanism which updates the MEV extraction rate with the goal
of stabilizing it at a target value. We analyse the evolution of this
dynamic mechanism under various market conditions and provide
formal guarantees about its long-term performance. The main take-
away from our work is that the proposed system exhibits desirable
behavior (near-optimal performance) even when it operates in out
of equilibrium conditions that are often met in practice. Our work
establishes, the first to our knowledge, dynamic framework for the
integral problem of MEV sharing between extractors and users.
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1 INTRODUCTION

In smart contract blockchains, such as Ethereum [25], Cardano [17]
and Tezos [12], Maximal Extractable Value (MEV) is any type of
excess profit a block producer can obtain by adding, ordering, or
censoring transactions [6]. In current smart-contract blockchains,
MEYV constitutes an integral source of concern. The reason is that
even though MEV is produced by the economic activity of users
(MEV generators), in most cases, the extracted amount goes to other
agents of the system (MEV extractors). Resolving this tension is far
from straightforward. Extreme solutions, in which all MEV goes to
block producers, are shown to adversely affect the behaviour of the
opposite group and end up compromising participation and system
security [5, 6, 22].

Hence, the question of how to share the additional revenue
between these two groups, i.e., users and block producers, consti-
tutes a central problem in current blockchain research and practice
[9, 11]. The current debate around MEV involves two main schools
of thought. The first is the anti-MEV approach, which states that
MEV is harmful and its exploitation must be prevented or miti-
gated [14-16]. The second is the pro-MEV approach which argues
that, despite its negative externalities, MEV is inevitable in per-
missionless blockchains, and sometimes it could even improve the
quality of routing transactions [9, 18] and could also alleviate some
inflationary pressure that is required to incentivize staking [5].

Our Approach and Results. In this work, we take a neutral
approach towards MEV and propose a mechanism to balance the
two extreme positions by enshrining MEV sharing in the protocol
design. The key element to achieve this is a variable MEV extraction
rate that determines the fraction of MEV that is retained by block
producers, with the rest going back to users.

The aim of the MEV extraction rate is to balance the participation
of users and block producers, expressed in monetary terms, to a
predetermined target ratio and is updated after every block follow-
ing a dynamic update rule. The intensity of the updates is regulated
by an adjustment parameter that is part of the design space of the
mechanism. In simple terms, the rule increases (decreases, respec-
tively) the MEV extraction rate if the ratio of block producer/user
participation is lower (higher, respectively) than desired. We use as
a proxy of the MEV extracted the winning bid of the auction held
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for the creation of the last block. The estimation of MEV is not the
focus of our model. In any case, current research suggests that win-
ning bids in MEV-boost auctions [8, 10] or experimental methods
[1, 2, 13, 22] provide accurate estimates or tight lower bounds to
the actual MEV. This dynamic update rule is inspired by the design
principles of EIP-1559 that have proven successful in regulating
transaction fee markets under similar conditions [19, 20, 23, 24].1
Our work is also inspired by the trade-off between the goals of
users (bidders) and block producers (auctioneers) as studied in the
context of conventional auctions [7, 21].

Our objective in this paper is to study the evolution and perfor-
mance of the above mechanism. In particular, our motivating ques-
tions are the following: (1) can a protocol-determined, dynamically-
updated MEV extraction rate balance the conflicting participation
incentives of users and block producers, and (2) can the design prin-
ciples of EIP-1559 be useful in accomplishing this task? Our findings
provide significant evidence that we can answer both questions
affirmatively.

2 MODEL

We consider a two-sided market consisting of users (or MEV gen-
erators) who submit transactions on the one side and miners (or
MEYV extractors) who process these transactions on the other side.
Here, the term miners is used as a general term to describe all MEV
extractors including proposers, builders, searchers. The two sides
are described in terms of their total participating stake, denoted by
U for users and by M for miners, which correspond to the maximum
potential participation of users and miners, respectively, measured
in monetary terms (transaction volume for users and locked stake
for miners) during the time-period under consideration.

The participation of users and miners in the market depends
on the current MEV extraction rate, denoted by A € [0, 1]. Higher
(lower) values of A indicate more (less) aggressive extraction by
miners. Equivalently, one may think of 1 — A as the fraction of
MEV that is returned to users. Each user and miner has a certain
tolerance on A. Thus, if a user (miner) sees an MEV extraction rate
higher (lower) than what they can tolerate, they do not participate
in the market. The tolerance distributions of users and miners are
denoted by F(A) and G(1), respectively. Based on the above, the
users that participate in the market for a given A are U - F(1), where
F(1) :=1 - F(}) and the miners are M - G(1). We assume that the
support of F, G is included in [0, 1] and that both F, G are strictly
increasing and differentiable.

To incorporate the MEV extraction rate as part of the protocol
design space, we make the following design choices:

e The MEV extraction rate is dynamically updated after every
block. This generates a sequence of MEV extraction rates, (A¢):>0,
where t indicates the block height (time).

o The intensity of the updates between consecutive blocks is regu-
lated by a parameter d that can be chosen by the designer.

o The designer can set a desired (optimal) balance between users
and miners in the market denoted by T (target). This means

!t is worth highlighting that to measure deviations from its target and to adjust its
updates accordingly, EIP-1559 uses as (on-chain) proxy of current demand the size of
the last block [4].
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that the designer is seeking to find a A* such that U - F(1*) =
T-M-G(A%).

e The boundary MEV extraction rates of A = 0 and A = 1 corre-
spond to steady states in which the two-sided market collapses
to having either only miners (1 = 1) or only users (4 = 0).

Based on the above desiderata, we consider the following dynamic

update rule to govern the evolution of the MEV extraction rates,
At:

Aest = A +dh(1=2g) - (U-F(4) =T -M-G(X)) (MEV-D)

Bifurcation diagram of the MEV-Dynamics
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Figure 1: Our analysis of the long-term evolution of (MEV-D)
shows that the system exhibits one of the following behaviors
depending on the value of the adjustment parameter: (i) low
intensities: convergence to an optimal MEV extraction rate
that achieves the target participation ratio, (ii) intermediate
intensities: periodic behavior or provable chaos or (iii) large
intensities: collapse to extraction rates of either 0 or 1 in
which case one of the two groups of this two-sided economy
abandons the system. Interested readers can refer to [3] for
the full version of this article.

3 CONCLUSION

Our work establishes the first to our knowledge dynamic frame-
work for the integral problem of MEV sharing. Without arguing on
whether MEV is desirable or not, this framework treats MEV as an
unavoidable phenomenon of current blockchains and enables the
market to decide dynamically on its exact level through a protocol-
based implementation. Our work can be considered as a baseline
framework for dynamic redistribution mechanisms, where a de-
signer can add more granular definitions of A, by accounting for
different factors, such as congestion, bandwidth, etc. From a practi-
cal perspective, our results suggest that dynamic MEV extraction
can achieve targets set by the protocol and can, thus, inform the
ongoing discussion about actively enshrining MEV extraction in
protocol designs.
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