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Abstract——Decentralized Autonomous Organization
(DAO) is widely considered as a major form of organiza‐
tions in crypto worlds. In recent years, the DAO market
practice has been witnessed to evolve fast towards ma‐
turing with the continuous improvement of blockchain
ecosystems, underlying DAO platforms and decentral‐
ized tools for governance. As a small-scale social experi‐
ment, however, DAO is still in its early stage with a se‐
ries of open problems and challenges awaiting further
research efforts, e. g., predicting the centralized risks of
DAO, evaluating the degree of public participation, as
well as transferring the DAO governance from judicial
authorities to algorithmic authorities, etc. In this paper,
we aim at presenting a comprehensive and up to date
analysis of the concept and trends of DAO. We provide a

comparative analysis of DAOs based on the five-layers
model, summarize the development trend of DAOs and
discuss the potential research directions. Specially, we
propose the parallel DAO to solve the controllable gover‐
nance issue of DAO, aiming at providing useful guid‐
ance and reference for future research efforts.

Index Termsi——Decentralized Autonomous Organiza‐
tions, Blockchain, Smart Contracts, Computational Gov‐
ernance, Parallel DAO.

1. INTRODUCTION

Traditionally, complex and volatile transactions need to
be performed within a firm's boundaries [1], [2]. However,
in complex environments featuring uncertainty, diversity
and continously evolving technologies, the organizations
might suffer from increasingly evident issues including con‐
tract risks and intermediating costs [3], [4], [5] [9]. There‐
fore, there is an urgent need for novel governance technolo‐
gies to solve these problems with a higher level of transpar‐
ency and also reduce the bureaucracy via applying self-exe‐
cuting codes. Blockchain and smart contracts are among
these governance technologies that can minimize the exist‐
ing principal-agent dilemmas of organizations and the sub‐
sequent moral hazards [10], and thus created a new form of
organization, i.e., the Decentralized Autonomous Organiza‐
tion (DAO) [11].

DAOs run entirely through underlying protocols that are
encoded and enforced via blockchain-enabled smart con‐
tracts [12]. With the emergence of the Ethereum network,
the concept of DAOs moved up the technology stack from
the blockchain protocol to the smart contract, and became
widely known to the public because of "The DAO" project
[10]. In terms of organizational form and vitality, DAO is
not a new concept. The self-organization phenomenon in
natural ecosystems [13], [14], the online Cyber-enabled
Movement Organizations (CMOs) [15] [17], and the Dis‐
tributed Artificial Intelligence (DAI) or so-called Swarm In‐
telligence [18] can all be considered as the embryonic forms
of DAOs and lay the foundation for its emergence. Howev‐
er, there is a significant difference between DAOs and other
forms of organizations in that DAOs run on top of the block‐
chain and smart contracts, which feature technical advantag‐
es including distributed and decentralized architectures, au‐
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tonomous and automated operations, as well as organized
and ordered data [19]. In this respect, DAOs can be consid‐
ered as an emerging novel and to some extent revolutionary
organizational paradigm [20].

With the emergence of the Ethereum smart contracts plat‐
form, DAOs and the associated ecosystems have rapidly
evolved and developed into two different branches. The one
is built from scratch, and the other is created from a tem‐
plate provided by the DAO platforms [21]. The DAOs creat‐
ed from scratch, such as MarkerDao, MolochDao, and Stra‐
tis, usually are based on blockchain technology and require
highly specialized programming knowledge. The other
branch of DAOs, such as Aragon, DAOstack and Colony,
are typically enabled by online platforms that assist users
wifia minimum knowledge to build a DAO using a custom‐
izable template.

DAOs have already been intensively studied in literature.
Most of the previous research efforts are focused on fiae fol‐
lowing issues, including but not limited to defining fiae con‐
cept and framework of DAOs [22], [23], analyzing fiae cur‐
rent progresses and costs of DAO governance [24], [25], ex‐
ploring fiae legal issues faced by DAOs and the correspond‐
ing counter-measures [26], [27], evaluating the potential im‐
pacts of blockchain and smart contracts on DAOs [28],
[29], designing smart contracts in DAOs and its applica‐
tions [30], [31], as well as analyzing the events of the DAO
projects [32] [34]. However, little research has been done so
far for providing an in depth analysis of DAOs, especially
for comparing such key components of DAOs as fiae under‐
lying technologies, governance mechanisms, incentive
mechanisms, and legal organization structures in different
application scenarios. This motivates our work. In this pa‐
per, we aim at conducting a comprehensive survey of the
state-of-the-art developments in DAOs.

This paper is structured as follows. Section II discussed fi‐
ae concept and characteristics of DAOs, and Section III pre‐
sented the state-of-the-art research progresses of DAOs. In
Section IV, we gave a comparative analysis of DAOs. The
development trends and future research directions are dis‐
cussed in Section V. Section VI concludes.

2. THE CONCEPT AND CHARACTERISTICS OF DAOs

DAO has been a widely-discussed topic in the recent
years. However, no consensus is reached so far on the con‐
cept of DAOs. As such, in fiais section, we will discuss the
existing definitions and fiae key characteristics of DAOs.

2.1. DAOs: Perspectives from Technicians
Technicians are mainly concerned with the relationship

between blockchain, smart contracts and fiae DAOs. In one
of these definitions, DAOs are described as novel technical
systems where a new way of coordination and decision
making is settled. These systems provide an essential host
for different blockchain projects or blockchain-based busi‐
nesses. For instance, blockchain-enabled DAOs emerged as
a new form of collective governance, in which communities

may be organized relying on the decentralized infrastructure
[21].

On the other hand, DAOs can be described as work that
requires smart contracts usage running on a blockchain
[35]. The blockchain is a shared, immutable ledger that fa‐
cilitates fiae process of recording transactions and tracking
assets in a business network [36]. Smart contracts allow spe‐
cific, irrevocable, and automatical executions of code-based
contracts. Consequently, smart contracts can be encoded into
a blockchain and automatically execute once specific and
preprogrammed conditions are met [37]. From another per‐
spective, blockchain and smart contracts themselves can al‐
so be viewed as a decentralized autonomous organization
(DAO) [38], [39].

2.2. DAOs: Perspectives from Legists
When it comes to the point of view of legists, DAOs regu‐

lations will typically be taken into consideration. DAOs can
be defined as a new decentralized form of social and cooper‐
ative organization because of the incorporated statutes in
the smart contracts and their execution on the blockchain
[40]. Hence, DAOs can be depicted using fi~ree main char‐
acteristics, i. e., an entity organized as a corporation form,
autonomy powered by blockchain, and regulation enabled
by fixed smart contracts rules.

A broader view also exists, where a DAO is described as
"a computer program, running on a peer-to-peer network, in‐
corporating governance and decision-making rules" [41].
Furthermore, DAO is an effective community, with its re-
sources organized according to predefined rules and chain
codes. DAOs are open-source software, which can only be
modified through consensus among participants. Compared
with other definitions, this point-of-view highlights the rela
tionship between technology and rules in a neutral way.

However, there also exists an entirely different perspective,
where a DAO is defined as a pseudo-legal organization run‐
ning with an aggregation of human and "robotic" partici‐
pants [42]. The robotic participants are algorithmic rules
that run on the distributed Ethereum blockchain and auto‐
matically respond to inputs according to a set of pro‐
grammed rules. Based on these inputs and the pre-pro‐
grammed logic stored in a distributed blockchain, a DAO
can automatically and irreversibly initiate an action.

According to the above description, we believe that the
pseudo legal organization contains two connotations. On
one hand, the automated-executing bylaws can be consid‐
ered as the executive department of the organizations in the
virtual world, which is different from the real-world law-en‐
forcing authorities. On the other hand, due to its characteris‐
tics conflicting with the organizational model under the real-
world legal structure, DAO is also considered as a law-
breaking legal organization.

2.3. DAOs: Perspectives from Economists
In contrast to the traditional corporate operations, the

economists define DAOs primarily based on the perspective
of crypto-assets and incentive mechanisms. As a result,
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crypto currency can be seen as a Decentralized Autonomous
Corporation (DAC) where the bylaws are represented using
source codes and token-holders are shareholders. Activities
can be performed on the free market to maximize the values
of token holders [43]. For example, BitShares is widely con‐
sidered as a DAO in which "money was raised, tokens were
allocated, and token-holders were given the ability to vote
on how to spend community money and set blockchain pa‐
rameters" [44]. Therefore, the authors in [45] developed a
more elaborated definition of a DAC that can be seen as an
entity running by an "incorruptible set of business rules" ex‐
ecuted independently without human involvement.

However, another point of view differentiates DACs
from DAOs, stating that DACs were "basically a subclass
of DAOs" and DACs introduced the concept of shares.
Therefore, DACs were for-profit entities, while DAOs were
typically defined as non-profit entities, even though partici‐
pants can make money in their ecosystems [46]. In this re‐
spect, the term "DAO" was adopted instead of "DAC", to
avoid potential legal issues caused by the word "company"
in DACs [44].

According to Riva, DAOs are entities constructed from
crypto assets controlled through pre-made governance rules,
which are inscribed on a series of smart contracts deployed
on a blockchain. These smart contracts can provide the par-
ticipants with a framework to help define how they can
spend the entity's assets [47].

2.4. DAOs: Perspectives from Governments
The most interesting concept from governments is that

DAOs can be defined as a new organizational paradigm,
where governors pay more attention to the democracy de‐
gree and governance measures of the organizations. In [12],
authors define ideal DAOs as organizations running entirely
through protocols that are encoded and enforced via smart
contracts.

According to Jentzsch, the term "DAO" refers to a distxi‐
buted organization whose governance is largely automated
by computer codes. A DAO operates by allowing pseudony‐
mous token-holders to submit proposals on which other to‐
ken holders can vote in proportion to their total number of
tokens. These submitted proposals are typically investment
ideas but could also theoretically be malicious actions, such
as trans ferring all the DAOs assets to a single attacker's ad‐
dress [24].

DAOs also can be considered as non-hierarchical organi‐
zations with routine tasks recorded and executed on a peer-
to peer, cryptographically secure, and public network. Vol‐
untary contributions from internal stakeholders are required
for these non-hierarchical organizations to operate, manage
and evolve themselves [48]. The granularity of management
is determined by the DAO contracts encoded on the block‐
chain, and participants can also vote for details of group de‐
cisions in DAOs.

2.5. DAOs: Comprehensive Definitions
In addition to the aforementioned viewpoints, some re‐

searchers define DAO from a hroader perspective. In [49], a
DAO is viewed as an organization whose essential opera‐
tions are automated-executed roles, and principles are as‐
signed in chain-codes without human involvement. On the
other hand, the authors in [50] consider a DAO as an Inte‐
met-native entity without central management that obeys a
set of automatically enforceable roles regulated via a public
blockchain, while others [51] define DAOs as an organiza‐
tional form that coordinates the efforts and resources of
members via a prior binding, formalized and transparent set
of rules that are agreed upon in a multi-lateral fashion.

Considering the diversified DAO definitions mentioned
above, we here define a DAO as a human-machine hybrid
governed self-organization with no centralized hierarchy,
controlled by smart contracts running on the blockchain.
These smart contracts contain crypto assets and programma‐
ble by laws that reached consensus through collective gover‐
nance to ensure the execution pattern of the organization.
All transactions, roles, and decisions are stored entirely in
the blockchain to guarantee the trustworthiness and reliabili‐
ty of the organization. A DAO can be summarized using
three pairs of key features: Distributed and Decentralized,
Autonomous and Automated, Organized and Ordered [19],
[22].

3. THE STATE OF THE ART OF DAOs

DAO attracted intensive interests from both academia and
industry between 2017 and 2018, and has been studied from
different aspects [52] [55]. The bubble peak in cryptocurren‐
cy markets sparked the enthusiasm for DAOs at that time
[56], [57]. However, the rapid market crash thereafter
forced the public to reconsider the essence and true value of
DAOs [58], [59].

Large numbers of underlying DAO platforms have been
developed and new decentralized governance tools were
created since 2019, necessitating research efforts on block‐
chain based collaboration schemes and new business mod‐
els of DAOs [60]. In 2020, decentralized finance (a.k.a., De‐
Fi) firmly announced itself and made its presence with
DAO as its backbone. In the first ten months of that year,
the ETH value locked in DeFi protocols has increased
194%, which motivates researchers to make a clear defini‐
tion of the DeFi and explore its developments [61] [63].

Despite the rapid development, DAO is still in its infancy
stage with a long way ahead. As such, there is a critical need
for a panoramic analysis to offer a comprehensive under‐
standing of the state of the art of DAOs, and our work is tar‐
geted at filling in this important gap. Table 1 shows the
Websites where our data was collected using a crawler and
completed by an artificial method. It is worth noting that it
will be counted as different data if two or more items have
the same name but different available contract addresses. Fi‐
nally, we obtained a high-quality dataset with 1885 DAOs.

3.1. Macro-scopic Analysis of DAOs' Development
Our macro-scopic analysis is conducted from three per‐
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spectives, i. e., public acceptance, market evaluation, and
self development status. Considering that the volume and
growth speed of DAOs are affected by researchers' experi‐
ments and exploring on them, they can be treated as mea‐
surements of DAOs public acceptance. The balance of
DAOs, which is the amount of deposit assets on them, can
be treated as an evaluation indicator by the market [64]. The
scale distribution of DAOs which closely co-related to their
healthy development reflects the self-development status.
Based on these discussions, we can implement the follow‐
ing analysis from three perspectives, i. e., volume, balance,
and scale distribution.

On 18 December 2020, the number of DAOs has reached
1885. More than 80% of these DAOs are built on four major
platforms, that is, Aragon, DAOstack, DAOHause, and Col‐
ony.Aragon, one of the earliest and relatively mature operat‐
ing system, supports more than three-quarters of the DAOs.
However, Aragon was created as a general-purpose plat‐
form and cannot be fully customized for a variety of unique
needs. At the same time, a variety of platforms were devel‐
oped, and Aragon was no longer the only choice for build‐
ing DAOs. As shown in Figure 1, in 2020, the growth of
Aragon-based DAOs is witnessed to gradually slow down,
while the number of DAOs hosted on other platforms keeps
increasing. Currently, the four most prevalent platforms
have their own focuses, respectively, thus attracting users
with different needs. For instance, Aragon aims at providing
a universal platform, DAOstack is targeted at solving large-
scale decentralized decision-making issues, Colony offers a
solution to the resource allocation problem [65], while
MolochDAO solves the incentive compatibility problem via
aligning incentives from individuals and the organizations
[66].

(a) Platform Distribution (b) Growth of DAOs' number
of 1885 DAOs over time

Fig. 1: Volume Distribution of DAOs

After excluding the data without balance information, a to‐
tal of 1557 data records are available. As shown in Figure 2,
the total balance of DAOs has exceeded 560 millions,
which is close to 1% of the total value of ETH market.
Among these DAOs, 16 out of the 20 DAOs with the largest
balances are built on the Aragon platform, and more than
half of them are used in DeFi and funding application sce‐

narios. It also can be observed that the top 2 DAOs possess
nearly half of the total balance. Typically, more profitable
DAOs are inclined to attract larger numbers of participants
to lock their assets in protocols, so we can expect an even
increasing trend on the centralization of assets on DAOs.

A total of 886 data items with available membership in‐
formation were selected from the dataset and used in our
scale distribution analysis. The result is shown in Figure 3.
Since DAO is still in its early stage, many DAOs are creat‐
ed as experimental projects. As shown in Figure 3, only 4%
of DAOs have more than 1000 members, while over 75% of
filem have less than 10 members. For those DAOs with
over 1000 members, more than half of them are currently
used in DeFi projects, since those DAO-based DeFi organi‐
zations with clear business models and well-defined goals
can grow quickly when driven by profitable business models.

3.2. Micro-scopic Analysis of DAOs Development
According to the five-layer model of the DAO structure,

our micro-scopic analysis can be conducted in four aspects,
that is, infrastructure, governance and incentive mechanism,
legal organization structure, and application scenario.

(a) DAO Hold Nearly 1% of (b) Application Scenarios Dis-
ETH Total Market Cap tribution of Top 20 DADs

(c) Balance Distribution of Top (d) Platform Distribution of Top
20 DADs 20 DAOs

Fig. 2: Balance Distribution of DAOs

(a) Scale Distribution of DADs (b) Scale Distribution of DAOs
on Different Platforms

TABLE I: Data Collection Websites
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(c) Scale Distribution of DADs on Different Application Scenarios
Fig. 3: Scale Distribution of DAOs

Among the various DAO infrastructures, blockchain is
the most essential one since DAOs rely heavily on it for
guaranteeing their autonomy and decentralization. There‐
fore, we mainly focus on blockchain in the analysis of DAO
infrastructures. As shown in Figure 4, over 98% of DAOs
are built based on the Ethereum platform, 0.11% are based
on xDai, and only a few DAOs choose other blockchain
platforms such as Polkadot and Wanxiang blockchain.

To analyze the governance mechanism, we manually
tagged the data according to the white papers, official Web‐
sites and other materials of the DAOs, resulting in 1620
available items. As shown in Figure 5, the most commonly-
used governance mechanisms are "Vote by Token;' "Update
Governance by Voting; ' "Liquid Democracy; ' and "Decen‐
tralized Court."

Fig. 4: Distribution of DAOs on Infrastructures

(a)Top Frequent Governance Labels (b) Governance LabelsWorld Cloud
Fig. 5: Distribution of DAOs on Governance Labels

Considering the similarity between incentive mechanism
and governance mechanism, we process the incentive mech‐
anisms using a similar method and obtain a total of 1620
available items. Figure 6 shows the result, where the most
frequently-used incentive mechanisms are "Dividend," "In‐
create Token Decided by Voting," "Stake Token for Predict,
" and "Low Fees."

(a) Top Frequent Incentive (b) Incentive Labels Word
Labels Cloud
Fig. 6: Distribution of DAOs on Incentive Labels

Since DAOs need to be integrated with real-world laws to
guarantee their legal functionalities [47], a proper legal or‐

ganization structure is essential. We analyzed the dataset
and obtained 92 available DAO items fi~at contain informa‐
tion about the legal organizational structure. As shown in
Figure 7, filere are four kinds of legal organization struc‐
tures for DAOs, which are community, foundation and com‐
munity, company and community, and a mix of the three.
More than half of these structures are in form of the compa‐
ny and community, and only 3% are formed in a pure com‐
munity.

Fig. 7: Distribution of DAOs on Legal Organization Structures

Via combining different dataset elements, a total of 337
items were obtained to analyze the DAO distribution among
different application scenarios. For the sake of analysis, we
classified the DAOs into five categories, which are commu-
nity governance, DeFi, funding, infrastructure, and ofilers.
As shown in Figure 8, three categories with the largest pro‐
portions are DeFi, funding, and others, and their proportions
are all close to 30%.

Fig. 8: Distribution of DAOs on Application Scenarios

4. COMPARATIVE ANALYSIS OF DAOs

In this part, a comparative analysis will be conducted in
four layers of infrastructure, governance and incentive mech‐
anism, legal organization structure, and application scenario.

4.1. Analysis of The Infrastructures
As mentioned in section III. B, in the analysis of infra‐

structures, we focus on blockchain. In this section, the infra‐
structure is used as the mainline to compare the mecha‐
nisms of each layer, and the results are shown in Figure 9
and Figure 10.

(a) Distribution of Application (b) Distribution of Legal Or
Scenarios on Infrastructure ganization Structures on Infrastructure

Fig. 9: Distribution of Application Scenarios and Legal Organization
Structures on Infrastructure
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Six types of blockchains were observed in the data samp‐
ies, namely Ethereum, xDai, EOS, ICON, Polkadot, and
WangXiang. Being the first blockchains to implement smart
contracts, EtJaereum has a great advantage in this domain
[67]. As Figure 9 shows, there is an overwhelming number
of DAOs built on Ethereum whether in distribution of appli‐
cation scenarios or legal organization structures. However,
Ethereum uses transaction fees as the core of its incentive
mechanisms. Fees are measured in gas and paid for opera‐
tions on the network, such as transactions, smart contracts,
and decentralized applications. With the development of
Ethereum, fees continue to grow, which has caused many
practitioners to quit the Ethereum platform. Besides, since
Ethereum adopts the Proof of Work (POW) consensus
mechanism, it will limit the transaction speed. For example,
the rapid development of DeFi applications on Ethereum
has caused severe congestion on the entire network.

Due to the shortcomings of Ethereum, some DAOs began
to explore other platforms, as shown in Figure 9. As a fast,
cheap, and stable trading platform, xDai adopts a new con‐
sensus mechanism, namely Proof of Stake Decentralized
Autonomous Organization (PSDAO), to solve Ethereum's
high transaction fees and network congestion problems
[68]. The gas fees in xDai are lower so that the cost of run‐
ning a DAO is cheaper on it. Besides, the EOS platform us‐
es WebAssembly virtual machine to improve the execution
efficiency of smart contracts [69].

Ideally, the underlying blockchain architecuture for a
DAO should be decentralized, secured, and scalable. Due to
the blockchain trilemma issue, however, no blockchain so
far is able to optimize these three performances simultane‐
ously. Which one is the most important to a DAO? Our data
shows that only a small number of DAOs are moving from
more decentralized infrastructures, such as Ethereum, to
more scalable ones, such as xDai, and thus Ethereum re‐
mains to be the optimal choice for building DAOs today.

(a) Distribution of Governance (b) Distribution of Incentive labels
labels on Infrastructure on Infrastructure

Fig. 10: Distribution of Governance Labels and Incentive
Labels on Infrastructure

4.2. Analysis of Governance and Incentive Mechanism
Unlike traditional organizations, where executive pow‐

ersrelied heavily on one or few specific persons, decision-
making in DAOs have to be based on the consensus from a
majority of stakeholders. Bitcoin has proved the effective‐
ness of this kind of governance model in a virtual economy,
but more evidence is still needed for verifying whether the

model works in the real world. In this part, we focus on the
governance and incentives.

4.2.1. The Governance Mechanism: As aforementioned,
the governance mechanisms' dataset was obtained by manu‐
al tagging according to the white papers, official websites,
and other materials of DAOs. The comparative analysis of
DAOs governance mechanism with other layers is shown in
Figure 11.

In Figure 11, we calculated the percentage and the vari‐
ance of each governance mechanism under different catego‐
ries. The figure shows the top 20 mechanisms with the high‐
est variances.

Usually, the governance mechanism of DAOs is related to
the decision-making process, where decisions can only be
executed after a vote is taken. The choice of governance
mechanisms depends not only on the structure of the rela‐
tionships between the organization members, but also on the
organization's business. However, there are two non-negligi‐
ble issues, i. e., the low-level participation of the organiza‐
tion's members, and the disputes among them. Figure 11 has
shown the attempts made by some DAOs to address these
issues.

In Figure 11, "Simple Majority; ' "Relative Majority; ' and
"Holographic Consensus" can be observed in the top 20
governance mechanisms, and these mechanisms are closely
related to the issue of member's low-level participation.
Since a proposal can only be passed when more than half of
all members in DAOs vote yes, the mechanism "Simple ma‐
jority" is highly affected by this issue. Besides, the mecha‐
nism may waste member's attention on unimportant things.
To solve this problem, DAOstack adopted the mechanism
"Holographic Consensus". By introducing a market where
members can play stake-based predictions games, the mech‐
anism attracts members to make important decisions
fl'trough token rewards. In this mechanism, the proposals
that secure enough stakes will be promoted and given high
priority, and in this situation a "Relative Majority" can
make the proposal pass.

"Decentralized Court" and "RageQuitting" mechanisms
can be used to address the dispute among members. The
''Decentralized court" provides a way to solve disputes with‐
out a centralized, slow, and expensive legal procedure,
where the judges are selected randomly among stake-holder
participants, and decisions are made fi'trough online voting.
Two famous decentralized court projects are Aragon Court
and Kelors, where Aragon Court mainly serves for DAOs
running on Aragon while Kelors is open for everyone.
"RageQuitting" is another mechanism for resolving dis‐
putes, and it is adopted by the famous funding project called
MolochDAO. It allows members to exit with funds after
voting if they disagree with the voting result, and such de‐
sign also gives the MolochDAO the ability to resist the 51%
attack.

4.2.2. The Incentive Mechanism: Incentive mechanisms
based on game theory is usually adopted in DAOs, which
can be divided into intrinsic and extrinsic factors [70]. The
intrinsic factor emphasizes that individuals are typically

40



INTERNATIONAL JOURNAL OF INTELLIGENT CONTROL AND SYSTEMS

driven by his/her interests, not by external rewards or chal‐
lenges. The intrinsic factors are often related to a reputation
system with a well-designed reputation mechanism. For ex‐
ample, "Reputation not Transferable" and "Reputation De‐
cays over Time" in Figure 12 are reflections of these kinds
of mechanisms. External incentives are usually derived
from external rewards, such as monetary rewards. Figure 12
shows that "Low Fees, " "Dividends, " and "Stake for Re‐
ward" are among the top 20, which are more likely to be ex‐
ternal incentives.

Besides that, there are some incentive mechanisms dedi‐
cated for particular cases, such as "Aligning Incentive" and
"Buyback", where the "Aligning Incentive" is adopted to
solve the individual incentives misalignment with global op‐
timal outcomes, while the "Buyback" mechanism for main‐
taining the stability of tokens.

From the above analysis, we can see a fast evolution of
governance and incentive mechanisms, where they are de‐
signed and practiced for both general and particular cases.

4.3. Analysis of Legal Organization Structure
There are two ways to define the legal form of a DAO:

the one is a legal entity with legal personhood, which inte‐
grates a DAO into the existing legislative environment, the
other is a legal entity without legal personhood, which
views DAOs as an organizational form independent from
the existing legislative environment. In this paper, the legal
organization structure of DAOs was divided into the follow‐
ing forms: community, company and community, founda‐
tion and community, a mix of the three. We used the legal
organization structure of DAOs as the mainline to study the
impacts of such structures on other layers. The results are
shown in Figure 13 and Figure 14.

Based on the results, almost all legal organization struc‐
tures of DAOs contain the form of community, which is in‐
separable from the characteristics of DAOs. First, DAO is a
decentralized shared-ownership organization. Second, while
DAO needs a way to ensure a good operation, smart con‐
tracts are not suitable for encoding a complex logic. Also,

DAOs focus on consensus building that needs to be carried
out through collective governance or democratic gover‐
nance.

A set of default rules is required to standardize the obliga‐
tions and responsibilities of the organizers and protect the
rights and interests of the investors. This set of rules can be
achieved if the DAO has a legal identity. However, a DAO
does not fit well within the current landscape of recognized
organizational structures. Hence, In Figure 13, we find that
few DAOs are in form of community, while the most com‐
mon form is a mix of community with foundation and com‐
pany.

As shown in Figure 14, apart from the mixed form of
community, company, and foundation, others are not signifi‐
cantly different in governance and incentives mechanisms.
The mixed form takes a higher percentage in mechanisms
such as "Reward for Participation, " "Stabilization, " and
"Debt;' "Token Buring".

Based on the above discussion, we can conclude that
DAOs are exploring different legal organizational structures
to ensure the integration with the real world.

4.4. Analysis of Application Scenarios
In order to compare the similarities and differences of

DAOs in different application scenarios, we will conduct a
comparative analysis with application scenarios as the main‐
line. Figure 15 and Figure 16 show the results.

As mentioned, for simplicity of analysis, we grouped the
application scenarios into five categories, that is, infrastruc‐
ture, DeFi, funding, community governance, and ofilers.

We classified the infrastructure DAOs as those who pro‐
vide software and hardware services for building DAOs, e.
g., Aragon, DAOstack, Newtonium. In the infrastructure cat‐
egory, blockchains and platforms need a well-designed in‐
centive mechanism to attract new users. Also, a well gov‐
erned community is essential to keep the organization oper‐
ating regularly. It is noticed from Figure 15 that only two
kinds of legal organization structures exist in the category of
infrastructure DAOs: foundation and community, company

(a) Distribution of Governance labels on (b) Distribution of Governance labels on (c) Distribution of Governance labels on
Application Scenarios Legal Organization Structures Infrastructure

Fig. 11: Distribution of Governance Labels on Application Scenarios, Legal Organization Structures, and Infrastructures
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and community. In terms of incentives, a clear difference be‐
tween the Application scenarios of infrastructure and ofilers
is also observed in Figure 16, where incentive mechanisms
such as "Fee for Reward; ' "Mint," and "Stake for Minting"
takes a larger percentage.

(a) Distribution of Infrastructure (b) Distribution of Application
on Legal Organization Struc- Scenarios on Legal Organiza-

tures tion Structures
Fig. 13: Distribution of Infrastructures and Application

Scenarios on Legal Organization Structures

(a) Distribution of Governance (b) Distribution of Incentive
labels on Legal Organization labels on Legal Organization

Structures Structures
Fig. 14: Distribution of Governance and Incentive Labels on

Legal Organization Structures

DAOs used for raising finance to support various projects
are classified in funding category. Funding for software de‐
velopment is one of the essential applications of DAOs, and
the well-known MolochDAO is a classic funding project
used to enhance the development of Ethereum 2.0. As

shown in Figure 16, governance mechanisms such as
"RageQuitting," "Stake for Vote," "Voting by Shares" have
a larger percentage in the funding category.

DeFi represents the financial DAOs that does not rely on
central financial intermediaries such as brokerages, ex‐
changes, or banks, and instead utilize smart contracts. For
example, pieDAO is aimed to provide a tokenized portfolio
allocation on the EtJaereum network.

Community governance DAOs are used for online com‐
munity governance. One of the famous community gover‐
nance DAOs is 1Hive, whose mission is to experiment and
explore DAO's governance. In Figure 16, we can see that
community governance DAOs differ significantly from oth‐

(a) Distribution of Incentive labels on (b) Distribution of Incentive labels on Legal (c) Distribution of Incentive labels on
Application Scenarios Organization Structures Infrastructures

Fig. 12: Distribution of Incentive Labels on Application Scenarios, Legal Organization Structures and Infrastructures

(a) Distribution of Infrastruc- (b) Distribution of Legal Orga-
tures on Application Scenarios nization Structure on Applica-

tion Scenarios
Fig. 15: Distribution of Infrastructures and Legal Organization

Structures on Application Scenarios

(a) Distribution of Governance (b) Distribution of Incentive
Labels on Application Scenarios Labels on Application Scenarios

Fig. 16: Distribution of Governance and Incentive Labels on
Application Scenarios
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er categories in governance mechanism, where it take a larg‐
er percentage in mechanisms such as "Update Governance
by Voting," "Boost Queue," and "Decentralized Court."

The experimentation of DAOs has not been fully validat‐
ed m practice. It worked in some application scenarios
while not m ofilers. However, the development priority for
DAOs has already shifted to the management of the con‐
structed systems, protocols and platforms.

5. DEVELOPMENT TRENDS AND OUTLOOK

5.1. Development Trends
5.1.1. The Participant of DAOs: Since the fall of "The

DAO" project, the exploration and development of DAOs
are continuing actively. However, it is at a relatively small-
scale, more cautious stage of social experimentations.

Since the emergence of "The DAO", the possibilities of
DAOs in various fields are actively explored. Nowadays, the
exploration of DAOs is no longer limited to the crypto
world, and begins to integrate with the real world on a small
scale. For example, Melon began as a company and was
broke down into a DAO at the time when their protocol
reached the consensus stage. On the other hand, DeveriFi
started as a spin-off of an exchanging center that makes
great strides into a fully governed DEX ruled by a DAO. In
2020, the venture backed startup Compound revealed its
governance token, after obtaining several hundred million
USD under management for its protocol.

However, DAOs are still a weird name for an obscure con-
cept, only known by a small group of people, even com‐
pared to the number of people interested m cryptocurrencies
and blockcham technologies m general. As aforementioned,
only 4% of DAOs have more than 1000 members and about
77% of them have less than 10 members, and thus a majori‐
ty of the DAO platforms are simple experimentations.
DAOs that are capable of scaling and coordinating a large
number of members have yet to arise.

5.1.2. The Governance of DAOs: The governance practice
of DAOs has become more and more multi-dimensional
and mature. However, there are still some difficulties m de‐
signing and governing algorithm systems, constructing gov‐
ernance participation measurement indicators, and predict‐
ing gover nance risks.

First, the emergence and governance of DAOs are facili‐
tated by the improvement of blockchain ecosystems,
DAO's underlying platforms, and decentralized governance
tools. For instance, Steemit, Ox, and DigixDAO launched
new DAOs. The distributed court system of Aragon went
live, reputation based voting has been proposed by
DAOstack, and Gitcoin Grants raised a round of Quadratic
Funding. Second, DAO's governance model is evolving
from a donation-based model to a development funding
model focused on projects and DApps. The key is to solve
the first-generation on-chain governance issues and im‐
prove the community-managed funding through on-chain
processes and issuance models. Then, many well known
projects will opt for a transition over time from a central‐

ized strategy to a decentralized one, resulting in the emer‐
gence of novel infrastructures, mechanisms and even gover‐
nance methods, e.g., Melonport's counsel.

Alfilough many on-chain governed projects began con‐
ducting meaningful votes, the participation rate varies by
protocol, and it is still not clear how to measure and im‐
prove the participation rate. In most cases, participation re‐
ferred to the percent of total eligible tokens for voting. If
the voting is not organized and carried out on a "one person,
one vote" ratio, "a higher participation" does not mean that
the decisions are made based on the viewpoints of the ma‐
jority. A few "whales" could have a higher amount of token
participation than those from a larger number of smaller to‐
ken holders. Besides, it remains a challenge to design and
govern the algorithmic systems to avoid the risks associated
with logical centralization. DAOs can be structurally decen‐
tralized, geographically distributed, but logically centralized
protocols. Upgrading the codes typically requires specific
knowledge from domain experts to deal with the technical
and legal complexity, leading to potential risks of centraliza‐
tion.

5.1.3. The Incentives of DAOs: The tokenization and in‐
centive design of DAOs are evolving towards a valuable di‐
rection, but the incentive design still lacks research and in‐
dustrial efforts.

Token is both an effective investment tool and an essen‐
tial component of the decentralized DAO network. The un‐
derstanding of tokens in this field is consistently deepening,
and Ponzi cases of maliciously constructed token structures
are gradually decreasing. Evidence akeady emerged of
evolving new networks blending with tokens that can cap‐
ture more value than traditional equity. However, the token
economies or incentives contain many uncertain, complex
variables that needs game-theoretic analysis. Therefore,
more m-depth game theory research should be conducted to
successfully avoid problems such as the commons tragedy,
malicious behavior and principal-agent issues.

5.1.4. The Legal Organization Structure of DAOs: Cur-
rently, legal wrappers have emerged and quasi-judicial sys‐
tems have been introduced m DAOs. However, integrating
DAOs with the existing legal environment and shifting
from judicial aufilority to algorithmic authority remains a
challenge.

To facilitate the integration of DAOs with the real-world,
some DAOs and their respective communities have attempt‐
ed to merge DAOs with the traditional legal structures such
as LLCs. Whether this trend will succeed in the long term
or not remains to be proved. If it succeeds, it will provide
the mdustxy with the opportunity of not only interacting
with traditional organizations but also integrating traditional
organizations into a more decentralized, borderless, and
code-oriented structure.

Also, there are attempts to replicate judicial and court sys‐
tems through smart contracts, such as the Aragon court, and
kleros. It is worth noting that this approach is focused on
most rules and financial penalties and may undermine objec‐
tive judgment. Meanwhile, only selecting jurors from a
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group of token holders, coupled with financial rewards for
participation, will inevitably lead to fundamentally different
groups of jurors from traditional court systems.

5.2. Outlook
The key to design good DAOs is to structure an efficient

set of consensus rules that resolve complex participant coor‐
dination problems. The real challenge in implementing
DAOs might not be purely technological, but raffler social.
In cyber-physical-social systems witJa complex human be‐
havior and group decisions, an effective way for the expla‐
nation, prediction and prescription of online DAO markets
require the parallel DAO approach. Parallel DAO is a com‐
bination of Artificial systems, Computational experiments,
and Parallel execution (ACP) approach [71] [73] and the
DAO. In aparallel DAO, the artificial systems (A) part is
used to model one or more artificial DAO systems corre‐
sponding to the real-world DAO systems. Based on the co-
evolving real-world and artificial blockchain systems, diver‐
sified computational experiments could be designed and
conducted in the computational experiments (C) part to
evaluate and verify specific behavior, mechanisms, and
strategies involved in the DAO systems. The optimal solu‐
tion will emerge through these experiments and feedback to
the real-world DAO systems in the parallel execution (P)
part to realize the decision optimization and parallel tuning
the DAO systems.

In the parallel DAO, different governance mechanisms,
economic models can be validated using three different ap‐
proaches, i.e., Learning and Training, Experiment and Evalu
ation, Management and Control [74] [76], so as to solve the
following three problems faced by DAOs: voting issues in
governance including how to construct indicators to mea‐
sure participants and how to increase the voting participa‐
tion, predicting the risks of centralization caused by design‐
ing and governing algorithmic systems to avoid logical fail‐
ures of smart contracts, as well as alleviating such issues as
the commons tragedies, malicious behaviors, principal-
agent and prisoner's dilemma.

6. CONCLUSION

In recent years, DAO has attracted intensive research and
industrial interests with the development of its governance
mechanisms and incentive mechanisms. The industry has
been exploring the way to design crypto-economic systems
to motivate and organize economic activities using the nov‐
el organization form of DAO. Therefore, in this work, we
reviewed the concept of DAOs and conducted a systematic
analysis using a crawled dataset with 1885 DAOs. Based on
the five-layer model, we conducted a comparative analysis
of DAO from such aspects as infrastructure, governance
and incentive mechanisms, legal organization structure, and
application scenarios. Our work aimed at providing helpful
guidance and reference for DAO's future research and indus‐
trial applications.
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