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Smart contracts are contractual agreements between participants of a blockchain, who cannot implicitly
trust one another. They are software programs that run on top of a blockchain, and we may need to change
them from time to time (e.g., to fix bugs or address new use cases). Governance protocols define the means
for amending or changing these smart contracts without any centralized authority. They distribute the
decision-making power to every user of the smart contract: Users vote on accepting or rejecting every change.

In this work, we review and characterize decentralized governance in practice, using Compound and
Uniswap—two widely used governance protocols—as a case study. We reveal a high concentration of voting
power in both Compound and Uniswap: 10 voters hold together 57.86% and 44.72% of the voting power,
respectively. Although proposals to change or amend the protocol receive, on average, a substantial number
of votes (i.e., 89.39%) in favor within the Compound protocol, they require fewer than three voters to obtain
50% or more votes. We show that voting on Compound proposals can be unfairly expensive for small token
holders, and we discover voting coalitions that can further marginalize these users.

1 INTRODUCTION
Blockchains transformed traditional and centralized sectors of great societal importance, such
as banking and finance [3, 28, 67, 69], by providing a secure means of ensuring compliance via
contracts, i.e., established agreements, in situations where participants cannot trust each other [63,
75, 86, 89]. Many prior work studied different types of security vulnerabilities that arise from
incorrect implementations or unintended (or undesired) executions of smart contracts, particularly
in the context of Decentralized Finance (DeFi) such as exchanges [3, 28], loans [67, 69], and
auctions [33]. Few studies, if any, focused, however, on vulnerabilities that may originate in the
design of the procedures to amend, i.e., change, smart contracts, and/or stem from the execution
of these procedures in practice. In this paper, we focus on the governance protocols of smart
contracts, which define the procedures and mechanisms by which smart contracts—which users
have previously agreed upon—can be amended.

An appealing feature of the governance protocols is their decentralization, i.e., their independence
from any central trusted authorities [3, 6, 8, 19, 55]. The power to propose and approve amendments
to a smart contract in governance protocols rests with stakeholders of the smart contract. Users
vote on the amendments, and the voting power of each voter is proportional to their stake in the
protocol. The majority vote decides whether that amendment is approved or rejected. The protocols,
furthermore, enhance transparency in voting by eschewing trusted election monitors and relying
on, instead, on on-chain voting mechanisms [87].
The transparent decentralized governance of DeFi smart contracts stands in sharp contrast to

opaque, centralized governance of crypto exchanges such as FTX [43, 64]. In the case of FTX,
opaque decision-making by a small group of individuals resulted in a collapse in trust. This debacle,
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among others such as the crashes of Silicon Valley Bank [32] and Luna [47, 68], highlights the
need for a mechanism that will allow every stakeholder to participate in critical decisions and
engage in discussions in a transparent manner. The use of governance mechanisms by themselves
does not guarantee, nevertheless, that all the potentially diverse interests of stakeholders are taken
into account in deciding whether to approve any given amendment. Of crucial importance are
how governance tokens (i.e., voting power) are distributed among the stakeholders, whether the
token holders actively participate in the voting on amendments in practice, how controversial the
amendment proposals are, and whether stakeholders form voting coalitions that result in marginal-
izing some voters. In practice, unequal or unfair distribution of governance tokens undermine
the core objective of decentralization, potentially compromising the security of the governance
protocol [40, 61, 74].

This work provides an in-depth analysis of the voting patterns, delegation practices, and outcomes
of proposals in two widely used governance protocols: Compound [55] and Uniswap [3]. Since
they record the votes cast transparently on a blockchain (i.e., uses on-chain voting), we conducted
measurements studies to analyze the extent to which this voting is decentralized, i.e., how small
or large are the set of voters that determine the outcomes for the amendments. Our goal is to
thoroughly examine these protocols to better understand how their governancemechanism operates
and identify potential areas for improvement.

1.1 Research questions
The challenge of achieving true decentralization in governance protocols is exacerbated by the
concentration of voting power. When a minority of participants controls a significant majority of
tokens, they can make decisions that primarily serve their interests, often to the detriment of others.
Therefore, ensuring an equitable distribution of tokens becomes key in achieving decentralization
within these protocols.

Below, we discuss the research questions addressed in this paper.
▶ RQ 1: How frequently are amendments proposed and voted on in these protocols?
This research question aims to investigate the activity level of the these protocols and its

community engagement. Specifically, we seek to understand how frequently amendments are
proposed and voted on in the protocol. Examining these aspects allows us to assess the level of
participation and the extent to which the community actively contributes to improving the protocol.
▶ RQ 2: What is the distribution of tokens among its participants?
This research question aims to investigate the distribution of tokens among its participants. We

aim to understand the size of the set of voters who determine outcomes for amendments and assess
the decentralization of their tokens. This is crucial for proposing fairness in these protocols based
on their token distribution.
▶ RQ 3:What is the cost associated with casting a vote in these protocols?
Voting in on-chain governance protocols involves transaction fees that vary based on network

congestion. This research question explores the impact of voting costs on voter participation in
these protocols. Understanding these costs provides insights into the fairness of the decision-making
process and identifies potential barriers that may discourage certain participants from exercising
their voting rights. For instance, if the voting cost is too high and voting power is concentrated
among a few powerful voters, users may be reluctant to participate in voting. This can be explained
from the perception that a handful of powerful voters can easily pass a proposal, making individual
less-powerful voter seem less impactful.
▶ RQ 4:What are the voting patterns of delegates, and do voters form coalitions?
This research question analyzes the voting patterns of delegates in these protocols and inves-

tigates whether voters form coalitions. Coalition formation may lead to the marginalization of
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certain voters, compromising the core principle of decentralization. Understanding the presence
and impact of coalition formation provides valuable insights into decision-making dynamics among
voters and helps mitigate the concentration of tokens or voting power within these protocols.

1.2 Contributions
More specifically, we summarize our contributions as follows
▶Users actively vote on proposals: We characterize the Compound and Uniswap protocols’
on-chain voting process, showing that they are active and regularly used, with a steady flow of
proposals. For example, the majority of the proposals receive significant support in Compound: on
average, 89.39% of votes are in favor.
▶Casting a vote might be expensive to small players: We reveal a substantial variation in
voting costs, from $0.03 to $294.02, with an average of $7.88.1 If we normalize the costs per vote by
the count of tokens held by users, we obtain an average cost per vote unit of $358.54. Voting costs
can, hence, be unfairly expensive for small token holders, which has fairness implications for the
decision-making process.
▶Voting power is highly concentrated:We show that a small group of 10 voters holds a significant
amount of voting power (57.86% and 44.72% of all tokens for Compound and Uniswap, respectively)
and that proposals only required an average of 2.84 voters to obtain at least 50% of the votes. These
observations strongly suggest that the voting outcomes may not reflect the preferences of the
broader community.
▶ Powerful voters form coalitions: We discover potential voting coalitions among the top voters,
which could further exacerbate concerns of voting concentration.
▶ Scientific reproducibility: To foster reproducible research and inspire research into other
aspects of governance protocols, we plan to share our scripts and data sets via a GitHub repository.

2 DECENTRALIZED GOVERNANCE
Smart contracts underpin many DeFi applications today [3, 28, 33, 67, 69], and it is only natural to
have a mechanism for updating these (software) contracts to fix bugs or evolve them over time to
cater for new use cases [30, 56, 94]. If decisions concerning such updates are made in a centralized
manner, e.g., by a regulatory body, or a cabal of developers or miners, it undermines users’ trust in
the applications that these contracts support. The updates could, for instance, be tailored to benefit
the centralized regulatory body at the expense of others. Governance protocols address this issue
by distributing the decision-making power among all the users of the application or smart contract
being updated.
A governance protocol establishes rules and (transparent) mechanisms for changing smart

contracts. It defines the required procedures for creating, voting on, and executing proposals to
amend smart contracts. It facilitates users of a protocol (or, more aptly, token holders who hold one
or more tokens of the protocol) to propose changes. The changes are then vetted by and voted by
other users, and implemented only if the proposals receive the majority of favorable votes. The
protocols also grant voting power to a user based on the number of tokens held by them (i.e., one
token equals one vote), essentially capturing the user’s stake and/or participation in the protocol.
Some protocols such as Compound [55] and Uniswap [3] allow token holders who do not wish to
exercise their voting power to delegate their voting power (i.e., tokens) to others. This delegation
is a form of liquid democracy, where voters can participate in decision-making either directly by
voting or indirectly by delegating their voting rights to others [12, 14, 17]. Governance protocols

1All costs are in US dollars, taking into account the exchange rate at the time of casting the vote.
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Table 1. A comparison of voting mechanisms in decentralized governance protocols. SC stands for smart
contract.

Protocol Type Voting Who can vote? Delegation
Voting

Aggregation
How proposals

are implemented?

AAVE [2] Lending on-chain addresses with dele-
gated tokens

yes on-chain on-chain via an SC call.

Balancer [10] DEX off-chain stakers with locked
tokens

yes (off-chain) off-chain via 6-of-11 multisig.

Compound [55] Lending on-chain addresses with dele-
gated tokens

yes on-chain on-chain via an SC call.

Convex Finance [25] Yield Farming off-chain stakers with locked
tokens

yes (off-chain) off-chain via 3-of-5 multisig.

Curve [27] DEX on-chain stakers with locked
tokens

yes on-chain on-chain through an SC
call.

Maker Executive [59] Stablecoin on-chain holders no on-chain New Governance Con-
tract requires more MKR
staked than previous.

Maker Polling [59] Stablecoin on-chain addresses with dele-
gated tokens

yes off-chain Engineers at Maker cre-
ate the governance con-
tract based on the voting
outcome.

Uniswap [3] DEX on-chain addresses with dele-
gated tokens

yes on-chain on-chain via an SC call.

1Inch [1] DEX Aggregator off-chain stakers with locked
tokens

yes off-chain via 7-of-12 multisig.

Ampleforth [5] Stablecoin on-chain addresses with dele-
gated tokens

yes on-chain on-chain via an SC call.

Rarible [70] NFT on-chain stakers with locked
tokens

yes on-chain on-chain via an SC call.
However, a 3-seat se-
curity council has veto
power over proposals
that they deem mali-
cious.

give every participant the right to propose, support, or oppose any proposal. They are, hence,
crucial for ensuring absolute decentralization of applications running atop blockchains.

2.1 Types of Existing Governance Protocols
There are various smart contract applications that utilize decentralized governance protocols for
decision-making, including those for lending, decentralized exchanges (DEXes), and stablecoins,
among others. An example of such protocols can be found on the Ethereum blockchain, where
a number of these applications are available. We have selected some of the most protocols that
use decentralized governance for decision-making. Table 1 presents 11 protocols, including Maker
Executive and Maker Pooling, which are part of the MakerDAO [59] stablecoin protocol responsible
for the DAI token. These protocols use decentralized governance mechanisms, and we characterize
them based on whether their votes are cast on- or off-chain, the delegation methods they use, how
they aggregate the votes, and how the proposal outcome take effect.
In our work we focus on two established protocols providing decentralized governance: Com-

pound [55] and Uniswap [3]. These are two leading governance protocols.

2.2 Voting Modalities
Proposals to change a governance protocol takes birth in the protocol’s community forum. Com-
munity members suggest and discuss potential changes to the protocol in the forum and may even
conduct an informal poll to gauge the community’s support for a proposal. The proposer then either
amends the proposal to incorporate the community’s feedback and submit it for a formal vote, or
simply abandon it. The formal voting on the proposal has two modes: on-chain and off-chain voting.
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On-chain voting In this voting system, participants make all governance decisions via smart
contracts on a blockchain. Under this system, participants cast a vote by issuing a transaction
(and paying a fee for committing it) to the blockchain. The system allows only participants with
at least a threshold amount of (governance) tokens to create a proposal, albeit any token holding
participant can vote on that proposal. It executes the proposal on the blockchain only if it receives
a significant number of votes in favor and reaches a quorum. This voting system thus facilitates
making transparent and tamper-proof changes to the protocol. Decentralized governance protocols
such as AAVE [2], Compound [23], and Uniswap [85] use on-chain voting.
Off-Chain Voting This system conducts voting on an off-chain third-party platform and, as a
consequence, also establishes the rules for voting, aggregating votes, and determining the results
off-chain. Protocols such as Balancer [10] and Convex Finance [25], for instance, use Snapshot [52]
for off-chain voting. Snapshot stores the voting data on a P2P network called InterPlanetary File
System (IPFS) [51]. The voting process does not require voters to pay any fees and (unlike on-chain
voting) promotes participation across all participants, regardless of their level of participation or
investment in the protocol. After the voting, this system uses a multi-signature contract to enact
the off-chain voting outcome on the blockchain. Typically, an n-of-m multisig contract requires the
transaction to be signed by at least n out of the m “admins” to be executed on-chain. The system
trusts the multisig “admins”, who are well-known in the community, to implement the voting
outcome on the blockchain truthfully. The admins can also, however, refuse the proposal. In Convex
Finance, for instance, the admins can choose not to execute a proposal if they deem it harmful,
even if it had received the majority of votes and reached a quorum [26]. On-chain voting systems,
in contrast, prevent such manipulation of voting outcomes by one or more individuals (after the
voting process), since all governance decisions (e.g., voting and execution) happen on the chain.
Token delegations Some governance protocols (e.g., Compound, Uniswap, and AAVE) require a
user to own a certain amount of governance tokens for casting a vote. These tokens can be obtained
through airdrops (i.e., given away by the protocol) [61], purchased or traded on exchange. Users
must delegate their tokens either to themselves or, if they do not wish to vote, delegate them to
others. The ability to delegate voting power to others facilitates a form of liquid democracy; the
token holder who delegates or sells their tokens to another loses their voting power. Delegations
allow anyone to buy (or sell) tokens and gain (or lose) voting power instantly. Justin Sun, the
founder of (stablecoin) TrueUSD [84], for instance, allegedly borrowed COMP tokens to create and
vote for Compound proposal #84, resulting in a governance attack [83]; this proposal was, however,
defeated. We discuss attacks on governance in details in §2.4.
Token “locking” Protocols such as Balancer and Curve [27] mandate that a user “lock” their
tokens into a smart contract for a specified period of time to gain their right to vote. The user
cannot withdraw the locked tokens until the lock-up period expires. The voting power of a user
in this system is proportional to the amount of tokens locked as well as the lock-up period. In
Balancer, for instance, a user receives 1 unit of voting power if they lock 1 token into the contract
for 1 year, and only half when locking it for 6 months.
Continuous voting A few protocols (e.g., MakerDAO [59]) allow voters to change their votes
at any time during the voting period. Users propose a protocol change by developing a new
implementation via a smart contract. The new implementation is accepted if it receives more votes
than the current one, i.e., the winning implementation must always receive the majority of the votes
(or tokens). MakerDAO requires a user to deposit their (MKR) tokens into the (Maker) governance
contract for casting a vote. The more tokens they deposit, the more voting power they obtain, and
they vote for their desired implementation by specifying it as a protocol parameter in the smart
contract. Since the voting process is continuous, if a user withdraws their MKR tokens from the
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governance contract, their vote will no longer count towards the implementations for which they
previously voted.

2.3 Real-world decision-making using Decentralized Governance
Interestingly, there are cases where decentralized governance has been applied to real-world
decisions. For example, Compound has been utilized for real-world decision-making purposes,
such as allocating grants to contributors or hiring an audit company to review the governance
protocol through the Compound code [79]. For instance, on September 29, a bug was introduced
in the Comptroller of the Compound Protocol through proposal #62 that allowed users to claim
more COMP tokens than they were entitled to, resulting in a loss of $50 million worth of COMP
tokens [58, 65]. The Compound community sought to hire, through the Compound governance
protocol, a smart contract auditor to audit the protocol [79]. Three companies, ChainSecurity,
OpenZeppelin, and Trail of Bits, posted their business plans for discussion and then created
proposals via the Compound Governor. Voters were able to vote for their preferred proposal, and
the winning proposal was eventually implemented. The losing proposals would have been cancelled
by the community’s multi-signature mechanism after the voting period ended, ensuring only one
could pass.
OpenZeppelin was the only proposal to reach quorum and get the majority of votes to be

implemented. They audited the Compound code, assisted proposers, participated in community
discussions, and reviewed any new proposals formally created by the Compound community [66].

2.4 Attacks on Governance
A potential issue in the governance of blockchain networks is the concentration of governance
tokens in the hands of a few participants, which can pose a threat to the protocol [62]. This issue
manifested in Balancer [10], a decentralized exchange (DEX) running on top of Ethereum, where
a user with large amount of governance tokens voted for decisions that were beneficial for the
user but detrimental for the protocol [40]. When a minority holds a large portion of the tokens,
decision-making power can become centralized, which conflicts with the goal of decentralization
of governance protocols.

Yet another issue concerns many centralized exchanges that hold their users’ tokens; they could
potentially use these tokens for voting without their users’ knowledge, compromising the integrity
of the voting process [37, 74]. Alameda Research, a former cryptocurrency trading firm, which
was affiliated with FTX, for example, voted on 8 proposals and even initiated three proposals (#13,
#14, and #16) on Compound. Eventually, one of the proposals was executed. Their goal was to
raise the collateral of WBTC from 0% to 40%, which allowed WBTC to be utilized for borrowing
other assets [92]. This change may have been beneficial to Alameda Research as they were one
of the biggest WBTC minters and held highly leveraged positions (i.e., borrowed money to invest
even more) [45, 93]. To alleviate these concerns, centralized exchanges typically promise that they
will not use their users’ tokens to vote on their behalf [78]. While there is no guarantee that they
will keep their promise, we can monitor their public wallet addresses to check if the exchange has
delegated these governance tokens to another address, or whether they used the tokens for voting
while they were stored on that exchange.

Governance protocols intend to eliminate (or at least minimize) centralized decision-making in
blockchains. Their effectiveness in achieving that goal can, however, be compromised depending
on how the tokens (i.e., voting power) are distributed. Our work evaluates whether governance
protocols uphold their promise of decentralized governance of smart contracts, and, if they do not,
investigates exactly how they renege on that promise.
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Fig. 1. Overview of the data collection methodology and analysis.

Table 2. Summary of events related to the Compound (COMP) and Uniswap (UNI) tokens that we gathered
from the Ethereum blockchain.

Event name # of events Description
Compound Uniswap

Approval 213,220 645,538 Standard ERC-20 approval event.
DelegateChanged 12,095 25,492 Emitted when an account changes its delegate. This

means that the delegatee will receive voting power
from the sender. Users can only delegate to one
address at a time, and the number of votes added
to the delegatee’s vote count is equal to the user’s
token balance. The delegation of votes will take
effect from the current block until the sender either
delegates to a different address or transfers their
tokens.

DelegateVotesChanged 75,820 118,096 Emitted when a delegate account’s vote balance
changes.

Transfer 1,886,618 3,715,442 Emitted when users/holders transfer their tokens
to another address.

Table 3. Summary of events related to the Compound and Uniswap Governor contracts recorded on the
Ethereum blockchain.

Event name # of events Description
Compound Uniswap

ProposalCanceled 17 6 Emitted when a proposal is canceled.
ProposalCreated 133 29 Emitted when a new proposal is created.
ProposalExecuted 101 14 Emitted when a proposal is executed in the Time-

Lock.
ProposalQueued 105 14 Emitted when a proposal is added to the queue in

the TimeLock.
VoteCast 9500 18,084 Emitted when a vote is cast on a proposal: 0 for

against, 1 for in-favor, and 2 for abstain.

3 DATA COLLECTION
To gather the data, we deployed an Ethereum archive node on a server with 64 cores (with a base
clock frequency of 2.25GHz that can be boosted to 3.4GHz), 256MB L3 cache, 252GB of RAM, and
21 TB of NVMe-based storage. The archive node took about 4 weeks—a relatively long time, though
not unexpected—to fully synchronize with the Ethereum blockchain.
We used Web3.py [88], a Python library for interacting with Ethereum nodes, to query and

retrieve the information that we need from the archive node (Fig. 1).
Smart-contract events Smart contracts in Ethereum can generate and dispatch events (or “logs”)
for signaling various types of activity (e.g., ERC-20 token transfers or state changes) within the
contract. We used these logs to filter transactions that triggered specific events, e.g., sending,
receiving, or swapping tokens. We also filtered and analyzed transactions that triggered events
related to governance protocols tokens to track the evolution of each proposal, including when it
was created, when users started voting, and when it was executed or canceled. We refer the reader
to §B for low-level implementation details on how we filter and gather transactions that trigger
events of interest.
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Data set We gathered various details on tokens and governance contracts for both Compound
and Uniswap since their inception. Our data collection consists of Compound data since Mar.
3, 2020 (block #9,600,000) and of Uniswap data since May 31st, 2021 (block #12,543,659) until
Nov. 7, 2022 (block #15,917,000). We illustrate our methodology and data-analysis pipeline in
Fig. 1. For Compound (Uniswap), we obtained 213,220 (645,538) Approval events, 12,095 (25,492)
DelegateChanged events, 75,820 (118,096) DelegateVotesChanged events, and 1,886,618 (3,715,442)
Transfer events (Table 2). We also collected various events (Table 3) related to their governance
contracts for analyzing various aspects of the proposal creation and voting processes.
Inferring wallet address ownership Since an entity can control multiple wallet addresses in
the blockchain (also known as Sybils [44]), identifying the ownership of these wallets helps in
grouping together the accounts that are owned by the same entity. This task is complicated as
owners are only identifiable if they choose to voluntarily make their identities public. To address
this challenge, we combine wallet ownership information from two widely used data sources:
Etherscan [35] and Sybil-List [81]. The former is a blockchain explorer that helps in identifying the
top holders of various cryptocurrencies, and the latter, a Uniswap governance tool for discovering
delegates addresses [80]. It uses cryptographic proofs for verifying wallet addresses voluntarily
disclosed by the wallet owner. From these two data sources, we gathered the owners of 3191 public
wallet addresses (refer §C). We used these addresses to infer the owners of 17 (51.52%) of the 33
unique addresses associated with proposal creation, 114 (3.42%) out of 3335 proposal voters, and
265 (0.13%) out of 210,598 token holders in Compound. By analyzing the top 10 most influential
voters for each proposal, determined by the number of delegated tokens they possessed when
casting their vote, we were able to infer the ownership of 67 (50.37%) of these 133 unique addresses.
Finally, as an entity can control more than one address, we grouped the addresses we identified
belonging to the same entity together to conduct our analysis.

4 AN ANALYSIS OF COMPOUND’S GOVERNANCE
Compound [55] is a decentralized lending protocol that allows users to lend and borrow tokens
or assets via smart contracts. Lenders earn interest (yield) by supplying liquidity to the protocol,
while borrowers obtain tokens from the protocol and pay interest on the borrowed tokens.

Compound protocol has two versions of its governance contract: Alpha2 and Bravo.3 Compound
Governor Alpha, the first version of the governance contract, was deployed on Mar. 4, 2020 (block
#9,601,459) and was active until Mar. 28, 2021 (block #12,126,254). The improved version, Com-
pound Governor Bravo, was deployed on Mar. 9, 2021 (block #12,006,099) and has been active since
Apr. 14, 2021 (block #12,235,671). Brave introduced several improvements such as smart-contract
upgradability (through proxies), a new option for voters to abstain from voting, and the ability for
voters to state the reasons behind their voting choices through text comments attached to on-chain
votes. The Bravo contract was proposed in proposal #42, and it received 1,438,679.86 votes from 59
voters—all but one vote were in favor of its implementation [50].

4.1 Control of Governance Tokens
The voting power of a user in Compound and Uniswap is proportional to the amount of (delegated)
tokens held by that user—one token equals one vote. Below, we examine how these tokens are
distributed over time among Compound and Uniswap participants.

2The Compound Governor Alpha was deployed at the Ethereum smart contract address
0xc0dA01a04C3f3E0be433606045bB7017A7323E38.
3The Compound Governor Bravo was deployed at the Ethereum smart contract address
0xc0Da02939E1441F497fd74F78cE7Decb17B66529.

https://etherscan.io/address/0xc0dA01a04C3f3E0be433606045bB7017A7323E38#code
https://etherscan.io/address/0xc0Da02939E1441F497fd74F78cE7Decb17B66529#code
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Fig. 2. Distribution of the top 15 COMP tokens per accounts on Nov. 7, 2022: (a) These accounts hold 43.83%
(3.2 million) out of 7.3 million COMP tokens in circulation; (b) These addresses have 63.56% of all 2.7 million
delegated tokens.

Distribution of token holding Initially, 42.15% of the total Compound supply (10 million
COMP tokens) was allocated to liquidity mining, 23.95% to shareholders, 22.46% to the founders
and the Compound team, 7.73% to the community, and 3.71% to future team members [21]. The
public release of COMP tokens started only after proposal #7 was executed on June 15, 2020 [49].
This proposal enabled the continued distribution of COMP tokens to the protocol users over time.
At the time of our analysis (Nov. 7, 2022), the 10 million COMP tokens were distributed among
210,573 accounts. The largest holder is Compound Reservoir with 19.24% (1,924,344.52) of the tokens
followed by Binance (5.97% or 397,289.78 tokens) and cComp (5.73% or 572,723.77 tokens). The
Compound Team holds 2.28% (228,061.62) and Compound Timelock 1.84% (184,258.39) of the tokens.
We discuss further details of Uniswap in §5.

However, only 7.3 million COMP tokens are in circulation, and we characterize their distribution
among a few top token holders in Fig. 2a. In calculating the tokens in circulation, we only included
tokens that can be traded or exchanged between users. We excluded locked tokens from the
Compound Reservoir, Comptroller, and Timelock contracts from our analysis [23, 48], which are
not in circulation. These locked tokens require a governance proposal to be released, although some
of them are released daily through the Comptroller as an incentive for users to use the protocol, by
lending or borrowing these tokens.
We plot the cumulative distributions of all available COMP and UNI tokens along with the

locked, delegated, and in-circulation tokens, i.e., the tokens available for users to buy, trade, or sell,
in Fig. 3a and Fig. 3b, respectively. The top-15 accounts (in terms of the amount of tokens held)
together account for 43.83% of all tokens in circulation in Compound (Fig. 2a) and for 33.27% in
Uniswap (Fig. 15a). Binance [13], a popular centralized cryptocurrency exchange, leads this ranking
in Compound with 8.12% of the available tokens. It is technically feasible for them to delegate these
tokens to themselves to vote or propose changes to the protocol (refer §2.4), but Binance stated
that it will not use these tokens to vote on behalf of its users [78].

4.1.1 Distribution of token delegation. Delegation is a prerequisite for voting (refer §2.2), and
Compound and Uniswap allows its participants to delegate their voting rights to others. This
ability enables users to delegate their voting power to individuals who share their interests, and
allows participants with less voting power to pool their votes together and have a significant
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Fig. 3. CDF of the fraction of COMP (UNI) tokens held per account. The 10 million (1 billion) tokens available
are shared among 210,573 (358,238) accounts, in grey. The dashed green line shows the distribution of the
fraction of 7.3 million (563.9 million) accounting for 73.57% (56.38%) of the tokens in circulation held by
210,570 (358,235) accounts. The remaining tokens are locked and held by 3 accounts (in dotted red). The
dash-dotted blue line shows the delegated tokens’ distribution where 10 out of 4186 (14,922) accounts have
57.86% (44.72%) of all delegated tokens available.

voting impact. Users, however, can only delegate all, not a fraction, of their tokens. The protocol,
nevertheless, enforces this limitation at the wallet address level. Users can own multiple wallet
addresses and divide their tokens into them, thereby allowing them to delegate a subset of their
tokens to others [4, 38]. To determine if delegated tokens are held by a few voters, we group
together all inferred addresses (as discussed in §3) that belong to the same entity and then count
the total number of delegated tokens held by each group. We observe, per Fig. 3, that delegated
tokens are concentrated among few voters, and we show the distribution of delegated tokens across
several top token holder accounts in Fig. 2b and in Fig. 15b. Out of 4186 COMP delegatee accounts
(or accounts with voting rights), the top 50 (1.19%) hold 99.23% of all delegated tokens, giving
them significant decision-making power when voting on proposals. Similarly, in Uniswap, the top
50 (0.34%) hold 94.73% of all UNI delegated tokens. On Nov. 7, 2022, Polychain Capital held the
most COMP delegated tokens, with 12.15% (330,986.09) followed by Bain Capital Ventures with
11.85% (322,763.87) and a16z with 9.40% (256,046.13). These three addresses together held 33.41%
(909,796.10) of all the 2,723,123.73 delegated tokens in our analysis.

We note that only approximately half of the tokens in circulation are delegated. If we investigate
token delegation among the top token holders in Fig. 2a, we observe that many of them are crypto
exchanges (e.g., Binance and Uniswap V3:COMP) that do not delegate their tokens. This assuages
concerns that crypto exchanges that hold their users token could abuse their users’ trust (§2.4).

4.2 Voting on Governance Proposals
To propose changes to the Compound protocol, an address must have at least 25,000 COMP tokens
delegated to it to create a proposal.4 However, as of Sept. 18, 2021, proposal #60 introduced an
exception to this rule, allowing also whitelisted-addresses to create proposals even if they do not
have 25,000 delegated tokens [16].

Per Fig. 4, when a proposal is created in Compound, there is an approximately 2-day voting delay
period (or 13,140 blocks) that is used to allow the community to discuss the proposal before the
voting period begins. During the approximately 3-day voting period (or 19,710 blocks), voters can
cast their votes. In order for a proposal to be executed, it needs to meet two requirements. Firstly, it
must receive a minimum of 400,000 votes in favor of the proposal. This number corresponds to
4% of the total supply and is known as the quorum. Secondly, the majority of the votes cast must

4Prior proposal 89, an address should have at least 65,000 delegated tokens to create proposals [7].
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Fig. 5. Monthly number of Compound proposals created and their final outcome.

be in favor of the proposal. The number of votes each voter has is determined by the number of
delegated tokens they held in the block before the voting period began. This prevents voters from
changing their delegated tokens after the voting has begun, which could potentially lead to sudden
changes in the outcome of the election. After a proposal is approved, it is placed in the TimeLock
for a minimum period of 2 days before it can be implemented (or executed) [23]. A proposal can be
cancelled at any time by the proposer prior to its execution, or by anyone if the proposer fails to
maintain at least 25,000 delegated tokens.

In total, 3335 Compound voters cast their votes through 9500 transactions with 8769 (92.31%) for
in-favor votes, 644 (6.78%) for against votes, and finally 87 (0.91%) for abstained votes. Most of the
voters (51.36%) only voted for 1 proposal. 1% of participants voted for at least 26.66 proposals. On
average, participants voted on 2.85 proposals with a standard deviation (std.) of 5.23. The address
0x84e3· · · 5a95 voted on the maximum number of proposals (100), followed by MonetSupply and
blck who voted on 96 and 88 proposals, respectively.

4.2.1 Creation of proposals. In total, 33 Compound proposers created the 133 proposals. Of these
proposers, 16 (48.48%) created one proposal, while 10% of them created at least 8 proposals. The
average number of proposals created per proposer is 4.03 proposals, with a std. of 5.27 and a median
of 2. The highest number of proposals was created by Gauntlet, who created 24 proposals, followed
by blck, who created 20 proposals.

The maximum number of proposals were created in Mar. 2022, 11 proposals created (from #86 to
#96). However, of those, only 5 were executed, as 1 was defeated and 5 were cancelled (see Fig. 5).
Proposals were submitted, on average, every 6.95 days (std. of 6.41), with a median of 5.08 days.
The shortest and longest interval between proposals was 0 and 31.14 days, respectively. Proposals
typically take 1.64 days (std. of 0.72) to reach the quorum (Fig. 19 in §E).
Compound is actively and regularly used, continually receiving a steady flow of proposals. We

believe that governance protocols gain more traction in the future for transparent decision-making
in real-world applications (refer §2.3).
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Fig. 7. Compound’s distribution of voting power by voter per proposal. We consider a cutoff of 0.001 votes.

4.2.2 Participation in voting. Next, we computed the voting participation per proposal (see Fig. 6).
This metric is calculated by dividing the number of votes (or delegated tokens) cast on a proposal
by the total number of delegated tokens eligible to vote on that proposal at the start of the voting
period. This is a crucial measurement as it shows the proportion of all delegated tokens that are
used in the governance election process by the voters on proposals. Also, protocols with low voter
turnout are more susceptible to vote-buying, as non-voting users may sell their voting rights to
others [29]. Our results show that the average voter turnout is 33.25% (std. of 17.61%), the median
is 32.10%, and the maximum 80.80%. Based on Fig. 6, we observe higher voting participation for
early proposals compared to recent ones, likely due to the limited availability of tokens to a select
few in the beginning.

On average, the 133 proposals had 71.43 voters participating in their election, with a std. of 98.97
voters. 50% of the proposals received votes from 38 voters, while the numbers of voters varied
between 0 (when proposals are cancelled before the voting period begins) and a maximum of 619,
as seen in proposal #111. This particular proposal received a total of 686,289.04 votes from 615
voters in favor, 3 against, and 1 abstention. The next proposals with higher number of voters are
proposals #115 and #105 that received votes from 579 and 404 voters, respectively.

Next, we analyze the 9500 events triggered by voters during the voting process. Of these events,
1732 (18.23%) were votes cast by voters who did not have any delegated tokens available, resulting
in zero voting power or useless vote. Although this is allowed by the protocol, it does not count for
or against a proposal. However, it shows support for the proposal, as these voters still participate
in the election despite not having any delegated tokens available. The average number of votes
cast (or tokens used to vote) was 10,961.73, with a std. of 39,212.17 and a median of 0.1, ranging
from 0 to 345,067.49 as shown in Fig. 7.

Additionally, there is a financial cost involvedwhen casting a vote due to the on-chain transactions
required to cast votes. To determine these costs, we collected the relevant transactions from the
Ethereum blockchain and analyzed the fees paid by voters to issue the transactions and cast their
votes. We report the voting cost in US dollars, using the ETH-USD Yahoo Finance data feed [91]
exchange rate at the time the transaction was included in a block. In total, voting for the 133
Compound proposals, voters paid $74,865.74. The average voting cost per proposal is $7.88 with a
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Fig. 8. Compound’s voting cost distribution per proposal. On average, casting a vote costs $7.88 with a std. of
$22.29.
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Fig. 9. Voting cost distribution normalized per the voting power in Compound. We consider a cutoff of 10−6 votes.

std. of $22.29. The median voting cost is $1.48 with a range from $0.03 to $294.02. Fig. 8 shows the
voting cost distribution per proposal. We also computed these metrics at proposal level, on average,
each proposal costed $594.17 with a std. of $745.62 and a median of $291.92. The cost ranges from
$2.39 to $4247.25.
Voting on proposals can, hence, present a significant cost barrier, especially for voters with

relatively few tokens. In such cases, the cost per token vote (or vote unit) may be too high compared
to those with a higher number of delegated tokens. To better understand this, we normalized the
cost of casting a vote by the number of votes cast (measured by the total number of delegated
tokens available to voters’ addresses). For this analysis, we focused on voters who cast at least 10−6
votes in any proposal. As shown in Fig. 9, some voters faced prohibitively high costs per vote unit.
For example, the cost per vote unit has a mean of $358.54 and a std. of $9334.73, indicating a highly
skewed distribution. However, half of the voters faced a cost per vote unit of only $6.69.
Our results also show that, for 99 executed proposals, the average number of voters required

for a proposal to reach the quorum and pass was 3.25, with a std. of 1.65. The median number of
voters required was 2, and the range of voters required varied from 2 to 8. This sheds light on how
centralized these delegated tokens are distributed among a few participants, where for half of the
proposals only 2 voter casting their votes would be enough to pass (or execute) a proposal.
Furthermore, we analyzed the number of voters needed for proposals to reach 50% of the total

votes cast. Out of 133 proposals, we excluded 7 proposals that were cancelled before the voting
period, leaving us with 126 (94.74%) proposals for analysis. On average, those proposals required
2.84 voters with a std. of 0.97 and a median of 3 voters. The minimum and maximum number of
voters were 1 and 5, respectively. This again suggests that the token distribution is concentrated
among few voters who hold a high voting power. Fig. 20 in §D shows the cumulative voting power
for the top 10 most powerful voters for each of these 126 proposals in our data set.

4.2.3 Margin of victory/defeat. During the analyzed period, 133 proposals have been created. Of
these, 17 were cancelled and 15 defeated, leaving 101 (75.94%) executed proposals. Fig. 10 shows the
percentage of in-favor, against, and abstain votes for Compound each proposal. The majority of the
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Fig. 10. Percentage of in-favor (in green), against (in red), and abstain (in blue) votes for each Compound proposal,
15 (11.28%) proposals were defeated, and vertical lines represent 17 (12.78%) cancelled proposals.
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proposals received significant support from the voters. On average, proposals received 89.39% of
the votes in favor, with a std. of 23.98% votes and a median of 99.99%. We highlight the proposals’
outcome at each stage of their lifecycle in Fig. 11. Our analyses show that 7 (5.26%) out of 133
proposals were cancelled right after they were created and, therefore, they had not reached the
Voting Period meaning they were not available for voting. Next, 4 proposals were cancelled before
the Voting Ends stage, meaning they were pulled out before the election finished. 2 were also
cancelled after they succeeded in the election (after the Voting Ends stage) but before they were
queued in the Timelock. Further, 4 proposals were cancelled when in the Timelock. These proposals
account for 6 cancelled proposals after they successfully passed, which could indicate a lack of
community consensus [77]. Finally, 101 (75.94)% proposals were successfully executed. We report
the results for Uniswap in Fig. 17 in §5. Further, we gathered data from Messari [60] to categorize
the executed Compound proposals and report their importance level in §4.3. In §A we also discuss
the temporal dynamics of voting.

4.3 Proposals Categorization
In this section, we explore the importance of each type of proposal that have been implemented,
examining their impact on the Compound protocol. Specifically, we explore whether these proposals
mainly focus on adjusting parameters or addressing security concerns.

To this end, we gathered data fromMessari [60] to determine the categories, subcategories, and the
level of importance associated with each Compound proposal. Fig. 12 shows the distribution of 101
executed Compound proposals across different categories and subcategories. We show the degree of
importance for each proposal according to Messari divided into “low”, “medium”, “high”, and “very
high”. As a result, a few proposals categorized as “Parameter Change” and “Security” demonstrate
a high level of importance. Furthermore, proposals with the highest level of importance are found
within the “Security” category, specifically within the “Mining and Validation” subcategory. This
refers to the proposal 64 that was created to fix a bug introduced by proposal #62.
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high in purple color) for each proposal according to Messari [60].

The majority of the proposals (61 proposals, accounting for 60.4%) are related to “Parameter
Change” followed by “Team and Operations” and “Token Supply” accounting for 10 (9.9%) each, and
“Governance” with 7 (6.93%) proposals. According to the level of importance reported by Messari,
out of the total of 101 executed proposals, 51 proposals (50.5%) are classified as low importance, 46
proposals (45.54%) as medium importance, 3 proposals as high importance, and 1 proposal as very
high importance.

4.4 Voting patterns of delegates
In this section, we analyze the formation of coalitions among voters, where they cast their votes as a
group. This analysis is crucial because such behaviormay compromise the security of the governance
protocol. Specifically, instead of expressing their individual opinions on a proposal, voters may
choose to mimic the votes of their peers. The transparency of the Ethereum blockchain used for
voting in Compound allows anyone to view the addresses of voters and their corresponding votes
(e.g., their voting power and voting preference) during the election process, potentially facilitating
this behavior. As a result, exploring the possibility of coalition formation could provide valuable
insights into the decision-making patterns of voters. Fig. 13 shows a heatmap of how each of the
top 15 voters cast their votes across all 133 proposals in our data set.
We use cosine similarity to quantify how similar the voting patterns of different voters are.

Cosine similarity calculates the similarity between two vectors by determining the cosine of the
angle between them [76, 90]. It is useful in the context of voting because it allows us to compare
voting patterns and determine whether and which voters vote for the same proposals. The cosine
similarity value ranges from −1 to 1, with a value of 1 indicating a high degree of similarity.
Our analysis shows that the top 3 voters (i.e., 0x84e3· · · 5a95, MonetSupply, and blck) have a

strong cosine similarity in their voting behavior when casting a vote in favor of a proposal, meaning
that they cast their votes similarly (see Fig. 14). Moreover, Gauntlet, Dakeshi, Robert Leshner, and
Arr00 also show a strong similarity with 0x84e3· · · 5a95. We also analyzed the voting similarity
when voters cast a vote against a proposal. Blockchain at Michigan and Blockchain at Berkeley have
the highest cosine similarity with 0.73 followed by blck and Dakeshi with 0.67. These results suggest
that these voters have similar voting patterns when indicating their opposition to a proposal. On
the other hand, we could not make definitive conclusions regarding abstained votes as they are
infrequent: only 87 (0.91%) out of 9500 votes.

5 AN ANALYSIS OF UNISWAP’S GOVERNANCE
In this section, we provide more details into the Uniswap and its governance protocol. Uniswap [3]
is a decentralized exchange (DEX) platform that enables users to trade one token for another. In
addition, users can add liquidity to Uniswap and earn interest based on the amount they provide.
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Fig. 14. Cosine similarity of the top-15 Compound voters voting in-favor a proposal.

The Uniswap token (UNI) is an ERC-20 token that allows its holders to transfer UNI between
addresses. Similarly to Compound, with Uniswap, holders can also participate in the Uniswap
Governance Protocol by proposing changes and voting on proposals. Uniswap Governance is
derived from Compound Governance Alpha and Bravo (refer to §4), and therefore shares similar
features. For example, token holders must delegate their tokens to themselves or other addresses
in order to vote. Each delegated token counts as one vote. Similar to Compound, participants can
increase their voting power by holding multiple tokens.
The Uniswap protocol also has two versions of its governance contract. Alpha5 and Bravo.6

Uniswap Governor Alpha was deployed on May 31st, 2021 (#12,543,659) and is the first version of
the governance contract, and it was active until March 20th, 2022 (#14,422,934). Uniswap Governor
Bravo was deployed on August 20th, 2021 (#13,059,157) and is an improved version of the Alpha
contract, and it is active since August 30th, 2021 (#13,129,516).
We gathered transaction and events data from our Ethereum archive node regarding Uniswap

since its conception. Table 2 and Table 3 show the data set description we gathered from our node
that was used in the analysis for the Uniswap (UNI) token and the Uniswap Governance protocol,
respectively.
Uni tokens distribution Uniswap’s initial token distribution consisted of 1 billion UNI tokens.
60% of these tokens were allocated to the community, 21.27% were given to Uniswap’s team, 18.04%
were allocated to investors, and 0.69% were set aside for advisors [22]. At the time of our analysis,
however, there are 1 billion UNI tokens held by 358,238 accounts (see Fig. 3b). The largest holder is
Uniswap V2: Uni Timelock with 29.8% (29,756,767.79) of the tokens followed by Uniswap Treasure
Vester (12.5% or 124,945,829.21 tokens). Per Fig. 15a, Binance [13], is the second-largest holder
of Uniswap tokens in circulation. Similar to Compound, we also observed, per Fig. 3b, that the

5The Uniswap Governor Alpha was deployed at the Ethereum smart contract address
0xC4e172459f1E7939D522503B81AFAaC1014CE6F6.
6The Uniswap Governor Bravo was deployed at the Ethereum smart contract address
0x408ED6354d4973f66138C91495F2f2FCbd8724C3.

https://etherscan.io/address/0xC4e172459f1E7939D522503B81AFAaC1014CE6F6#code
https://etherscan.io/address/0x408ED6354d4973f66138C91495F2f2FCbd8724C3#code
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Fig. 15. Distribution of the top 15 UNI tokens per accounts on Nov. 7, 2022: (a) These accounts hold 33.27%
(187.61 million) out of 563.92 million UNI tokens in circulation; (b) These addresses have 56.37% (117.27 million)
of all delegated tokens.

Uniswap delegated tokens are concentrated among few voters. We also show the distribution of
delegated tokens across several top token holder accounts in Fig. 15b.
Proposal Creation and voting cast Uniswap proposals were submitted, on average, every
16.81 days (std. of 22.62), with a median of 5.52 days, as seen in Fig. 16a. The shortest and longest
interval between proposals was 0 and 80.98 days, respectively. During August and September 2021,
the largest number of proposals, totaling 10, were generated. It is noteworthy that a significant
proportion of these proposals were initiated by the Uniswap Governor as initial proposals, with
support levels ranging from 2.1 to 2.8. These proposals did not receive any votes and, are also not
documented on the Uniswap webpage [53]. Upon conducting a further analysis, it was observed
that the “target” field within their proposals has an Ethereum null address (i.e., 0x0). This means
that, even in the event of these proposals passing, no modifications would be introduced to any
contracts. The inclusion of these proposals seems to be a preemptive measure, possibly aimed at
preventing conflicts with proposal numbers in the Governor Alpha contract. However, we could
not verify that.

At the time of our analysis, from the total of 29 proposals, 14 (48.28%) were executed, 9 (31.03%)
were defeated, and 6 (20.69%) cancelled, as show in Fig. 17. The executed proposals were approved
with high percentage of votes supporting the proposal.

Finally, we also report the Uniswap’s distribution of voting power by voter per proposal in
Fig. 16b. The average number of votes cast (or tokens used to vote) was 56,923.91, with a std. of
614,598.36 and a median of 1, ranging from 0 to 15,000,491.54.

6 RELATEDWORK
There is rich literature on decentralized governance and social contracts, and on decentralized
autonomous organizations (DAOs). We review prior efforts that are most relevant to our work
below.
Decentralized Governance and Social Contracts Prior work have studied the potential of
blockchain-based (decentralized) governance for replacing centralization in traditional applica-
tions and services. Atzori et al. discussed, for instance, the extent to which blockchain-based
governance can mitigate or replace the centralized and hierarchical societal structures and authori-
ties [8]. Reijers et al. examined the relationship between blockchain governance and social contract
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Fig. 16. (a) Monthly number of Uniswap proposals created overtime. (b) Uniswap’s distribution of voting
power by voter per proposal. For better illustration, we consider only votes that are bigger than 0.001 votes.
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Fig. 17. Percentage of in-favor (in green), against (in red), and abstain (in blue) votes for each Uniswap proposal,
9 (31.03%) proposals were defeated, and vertical lines represent 6 (20.69%) cancelled proposals.

theory [71]. They analyzed the political implications of the blockchain technology and how it
follows or deviates from the governance principles established by philosophers such as Thomas
Hobbes [42], Jean-Jacques Rousseau [73], and John Rawls [18]. Chen et al. presented the trade-offs
between decentralization and performance [19]. Arruñada and Garicano suggested new forms
of “soft” decentralized governance to surpass traditional centralized governance structures [6].
Zwitter and Hazenberg conducted a comprehensive review of governance theory and proposed a
re-conceptualization of the term governance that is tailored to DAOs [95]. These prior work provide
valuable insights into decentralized governance structures, albeit they neither confirm the extent
to which their (theoretical) observations hold in real-world implementations nor characterize the
behavior of governance protocols deployed today.
Decentralized Autonomous Organizations (DAOs) Several prior studies analyzed the gov-
ernance structures of DAOs [9, 11, 31, 41, 72, 82]. Hassan and De Filippi analyzed what DAOs
constitute and discuss their key traits [41]. Rikken et al. identified various political challenges
in governance of blockchains [72]. Beck et al. [11] presented a case study of a DAO in Swarm
City [20], a decentralized commerce platform. A recent work categorized the governance of sev-
eral blockchains such as Bitcoin, Ethereum, Tezos, Polkadot, and some governance protocols like
Uniswap [3], MakerDAO [59] and Compound [55] into different types [46]. These invaluable prior
work do not, nevertheless, empirically examine the data on existing DAOs to characterize how
users interact with on-chain governance smart contracts.

There are three works closely related to ours [36, 38, 77]. Their findings agree with our own, e.g.,
they too found a high concentration of token delegation among a small number of users. Similarly,
they also showed that the largest token holders are more active in voting, further exacerbating the
centralization problem. However, while they analyzed voting participation and the cost of voting on
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the blockchain for more than 10 DAOs, our study presents a comprehensive and in-depth analysis
focused on Compound and Uniswap. Specifically, our analysis reveals the complete life cycles of
proposals, highlighting how voting behavior evolves over time for different proposals. We also
examine token ownership in detail revealing among which entities the tokens held are concentrated
as well as how delegations (by individual entities) affect the concentration of tokens. Finally, we
discover a vast inequality in voting costs among the token holders and present its implications for
decentralized governance.

7 CONCLUDING DISCUSSION
In this work, we analyzed data from the Ethereum blockchain related to Compound and Uniswap,
two widely used smart contracts. Our analysis centers on their decentralized governance protocols,
with a particular focus on amendments to their contract. We found that the Compound contract
is being actively amended—token holders continuously propose amendments that are then voted
on by other token holders. We observed a striking concentration of tokens (be it in terms of their
ownership or their delegation or their voting participation) in the hands of a few participants for
both Compound and Uniswap, which raises serious concerns about the extent to which governance
is decentralized in practice. For instance, our analysis showed that, on average, only 3.25 voters
were needed for the proposals to reach quorum and pass in Compound, and only 2.84 voters were
needed to reach 50% of the total votes. Our analysis also highlights issues with the Compound use
of on-chain voting – in particular, the transaction fees voters must pay to cast an on-chain vote
can make it prohibitively expensive for voters with fewer tokens. These costs have implications
for voting participation and can affect how voters, proposers, and other stakeholders interact with
these protocols.
Our findings motivate new research directions; for example, we find empirical evidence in

support of recent proposals to redefine voting power based on social rewards, such as a voter’s
reputation or a voter’s contributions to the protocol [39, 57, 77] or the use of a quadratic voting
scheme, where voting power is calculated as the square root of the number of tokens held by the
voters [15, 54]. We acknowledge that collecting data from smart contracts and determining wallet
ownership can be a challenging task that requires the use of an Ethereum archive node. Therefore,
we intend to make our data sets publicly available to enable scientific reproducibility of our results.

In conclusion, our research adds to the recent and growing body of knowledge on governance
protocols and demonstrates the importance of measuring and auditing such systems to ensure they
are working as expected. We hope that our study will be useful to future researchers in this field.
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Fig. 19. Compound proposals typically reach the quorum after 1.64 days on average.

and Privacy (SP).
[95] Andrej Zwitter and Jilles Hazenberg. 2020. Decentralized network governance: blockchain technology and the future

of regulation. Frontiers in Blockchain 3 (2020).

A TEMPORAL DYNAMICS OF VOTING
Compound Governor does not allow voters to change their votes once they have been cast. This
means that voters can only vote once on each proposal. Nevertheless, voters can view all votes that
have been cast on-chain in real-time. Thus, understanding how long it takes voters to cast their
votes is interesting because it can shed light on whether they want to wait until the last minute to
cast their votes.
According to our analysis, voters take an average of 1.4 days (with a std. of 0.95 and a median

of 1.34 days) to cast their votes after the voting period began. The shortest and longest recorded
delays in our data set are 0 and 3.39 days, respectively. Fig. 18 shows the distribution of the time it
takes voters to cast their votes for each proposal. We also highlight the voting delays for all votes
cast per proposal in Fig. 21 in §D.

B FILTERING EVENTS TO CONSTRUCT OUR COMPOUND DATA SET
This section describes the details required to filter and collect transactions data that triggered events
of interest from any smart contract on the Ethereum blockchain. Before creating a filter, we need
the address of our target contract and its Application Binary Interface (ABI). The ABI is a JSON file
that specifies the functions available in the contract, their signatures, and the available events. We
can retrieve this information by calling the Etherscan API [34]. Once we have the contract address
and ABI, we can create a filter to track the contract’s activity on the Ethereum blockchain using an
important Python library for interacting with Ethereum nodes called Web3.py [88] to facilitate the
communication with our node’s API.

The Web3.py library provides a filtering function called createFilter. This function can be used to
filter transactions that triggered events of interest from a specific contract within a range of block
numbers. We use this function to efficiently collect all transactions that triggered these events from
the Compound [55] smart contract.
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C INFERRINGWALLET ADDRESSES OWNERSHIP
We aim to identify the ownership of public wallet addresses on the Ethereum blockchain. Due
to the inherent anonymity of blockchain addresses, this proves to be a challenging task as we
can only know the owners of an address if the owner chooses to disclose it. However, popular
blockchain explorers such as Etherscan [35] often provide information on the top holders of specific
cryptocurrencies, which allows us to partially overcome this obstacle.

Then, we first obtained the lists of the top 10,000 Ether holders from which there are 290 (2.9%)
identified addresses and the top 1000 COMP holders from which there are 82 (8.2%) identified
addresses from Etherscan. By comparing these lists to our data set, we were able to identify most
of the top COMP holder addresses in our sample. However, this method did not work for the top
delegated accounts, as most of them were not included in the list of top COMP holders on Etherscan.
This means that most of the delegated accounts does not hold many tokens. Further, we also used
the list of top 100 delegated Compound addresses by voting weight available on the Compound
website [24] from which there are 66 identified addresses.

Furthermore, to extend the available identified addresses in our analysis, we obtained the ad-
dresses of 2783 identified users from the Sybil-List [81], a project maintained by Uniswap that uses
cryptographic proofs to verify wallet addresses ownership. By combining the identified addresses
from both sources, we were able to obtain the ownership of 3191 inferred public wallet addresses
to use in our analysis. We were able to infer 114 (3.41%) out of the 3341 unique addresses in our
data set. Considering the top 10 most powerful voters for each proposal (refer to Fig. 20 in §D), we
were able to infer 67 (50.37%) of the 133 unique addresses. Overall, our methodology allowed us to
partially overcome the anonymity of public wallet addresses on the Ethereum blockchain and shed
light on the ownership of these addresses in our data set. Finally, as an entity can control more
than one address, we grouped the addresses we identified belonging to the same entity together to
conduct our analysis.

D HOW VOTERS CAST THEIR VOTES
This section examines how each of the top-10 voters of Compound and Uniswap cast their votes.
Some proposals may not have received any votes if they were cancelled before the voting period
began. See §4.2.3 for details. Fig. 20 shows how each of the top-10 voters cast their votes in each of
the 126 (94.74%) out of 133 Compound proposals.

E TIME UNTIL REACHING THE QUORUM IN COMPOUND
For a proposal to pass, it must receive a majority of in favor votes and at least 400,000 (4%) votes
in favor from the total supply of Compound tokens. This minimum number of in favor votes is
referred to as the quorum and is defined by the Compound Governor Bravo contract.

We analyzed how long it takes for these proposals to reach the required quorum. Fig. 19 shows
the number of days it took each of the evaluated Compound proposals to reach the quorum. On
average, it takes 1.64 days with a standard deviation of 0.72 days for the proposals to reach the
quorum. The cumulative distribution function of our results, where 32% take more than 2 days to
reach the quorum. The shortest and longest time it took was 0.11 and 3 days, respectively.
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Fig. 20. Cumulative voting power distribution of the top-10 Compound voters per proposal. On average,
proposals required 2.84 voters (std. of 0.97) to reach at least 50% of their total votes. The median was 3 voters,
with a range of 1 to 5 votes. This indicates a concentrated amount of voting power. The subtitles indicate the
proposal ID and outcome (“E” for executed, “D” for defeated, and “C” for cancelled).
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Fig. 21. Voting delays for all votes cast per Compound proposal in chronological order of vote. On average,
voters took 1.4 days (with a standard deviation of 0.95 and a median of 1.34 days) to cast their votes after the
voting period began. The subtitles indicate the proposal ID and outcome (“E” for executed, “D” for defeated,
and “C” for cancelled).
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