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Decentralization through Tokenization
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ABSTRACT

We examine decentralization of digital platforms through tokenization as an in-
novation to resolve the conflict between platforms and users. By delegating con-
trol to users, tokenization through utility tokens acts as a commitment de-
vice that prevents a platform from exploiting users. This commitment comes
at the cost of not having an owner with an equity stake who, in conven-
tional platforms, would subsidize participation to maximize the platform’s network
effect. This trade-off makes utility tokens a more appealing funding scheme than eq-
uity for platforms with weak fundamentals. The conflict reappears when nonusers,
such as token investors and validators, participate on the platform.

THE PROLIFERATION OF THE DIGITAL economy and the recent rise of the fin-
tech industry have led to two important trends. First, a sizable number of dig-
ital platforms have funded their development and operations through the is-
suance of cryptocurrencies or tokens. For instance, according to Allen, Gu, and
Jagtiani (2020), 4,136 cryptocurrencies existed as of May 2020. This figure does
not include the many cryptocurrencies that have failed. Although rampant
speculation and volatility are often observed in this asset class, its growing
popularity raises important questions about the benefits and costs associated
with the tokenization process. Second, there is a growing tension between dig-
ital platforms and their users as online platforms such as Amazon, Google,
and Facebook become increasingly pervasive in our everyday lives. Their large
networks of users facilitate not only monopoly power in pricing but also exten-
sive access to users’ private data.! These privileges are subject to misuse, as
reflected by ongoing antitrust investigations of big-tech companies and the en-
actment of data privacy regulations in the European Union, the United States,
and Japan. Such conflicts between online platforms and their users represent
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a unique challenge to the platform’s design and raise questions about whether
they could be disintermediated to protect consumers.

The success of Bitcoin, the first cryptocurrency to be widely adopted across
the world, was motivated largely by the notion that delegating the issuance
of the cryptocurrency to precoded computer algorithms would free its users
from potential abuses by central bankers, who control the supply of tradi-
tional fiat currencies and may increase it at the expense of current holders.
Tokenization has continued to facilitate the decentralization of digital plat-
forms, in what are often referred to as decentralized autonomous organizations
(DAOs).? For instance, Filecoin, a platform that enables users to exchange se-
cure data storage services, is governed by the Filecoin community, who propose,
discuss, and achieve consensus on Filecoin improvement protocols (FIPs). At
Tezos, a platform that facilitates peer-to-peer transactions and smart contract-
ing, governance is achieved by users voting in two stages on updates proposed
by developers, who are compensated with newly minted Tezos coins for those
innovations that are adopted. Multipurpose platforms such as the decentral-
ized finance (DeF1i) platform MakerDAO and the decentralized organization
manager platform Aragon issue governance tokens that confer control (but not
cash flow) rights for voting on changes to the platform and its development.?
The DeFi platform Kyber pays rewards in the native token KNC to users who
participate in governance by staking their holdings. Harvey, Ramachandran,
and Santoro (2021) summarize how crypto-based technologies can decentralize
various aspects of the financial industry.

In this paper, we develop a model to examine tokenization as a mechanism
to mitigate the tension between platforms and their users, similar to how cor-
porate finance has developed governance tools to mitigate the tension between
firm managers, who control the firm’s operations, and firm owners, who own
the firm’s assets. Industry commentators have also highlighted the resolution
of the principal-agent problem between a platform’s stakeholders as a key mo-
tivation for DAOs.*

2There is an inherent link between the promise of self-sovereignty and DAOs. For instance,
of the ShapeShift trading platform’s impending decentralization, ShapeShift CEO Eric Voorhee
tweeted: “Unorthodox, but it is the only way to maintain fidelity to the most important principles
of crypto; specifically, self-sovereignty over money. [...] you may understand that the organizational
format that succeeded during the Industrial Age may not be the optimal format for the digital age.
There is a new kind of ‘firm.” The decentralized autonomous organization.” (https:/twitter.com/
ErikVoorhees/status/1415339998740508674?ref src=twsrc %5Etfw)

3 MakerDAO will become a completely decentralized platform by the end of 2021. As Maker
Foundation’s CEO Rune Christensen wrote in a blog, “Complete decentralization of Maker means
that future development and operation of the Protocol and the DAO will be determined by thou-
sands or perhaps millions of engaged, enthusiastic community members, all determined to ex-
tend the benefits of digital currency to people across the globe.” See https://blog.makerdao.com/
makerdao-has-come-full-circle/.

4For example, see the recent commentary by cointelegraph.com at https:/cointelegraph.
com/ethereum-for-beginners/what-is-a-decentralized-autonomous-organization-and-how-does-a-
dao-work and the discussion by JP Buntinx at https:/vaultoro.com/what-is-a-decentralized-
autonomous-organization-dao-and-why-does-it-matter/#h-exploring-the-principal-agent-
problem.
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We regard canonical tokens issued by a digital platform as an asset that
conveys a right to the services of the platform and possible participation in its
governance, but not necessarily cash flow rights. Such tokens are typically held
by users who obtain a convenience yield from participating on the platform,
and include “payment” and “consumer” (“utility”) tokens in the taxonomy of
Global Digital Finance (GDF).5 In contrast, a security confers cash flow and
potentially ownership rights, such as debt and equity, but not a right to services
on the platform. Such securities are typically held by outside stakeholders,
similar to how owners of Amazon or Apple stock need not buy products from
Amazon or Apple. Thus, the key distinction between tokens and securities is
that tokens are a claim to the platform’s services, while securities are a claim
to its revenue.®

Our key insight is that, although tokenization may protect users by shift-
ing ownership and control of the platform to them from initial equity holders,
this benefit comes at the expense of removing any owner who would subsi-
dize user participation to maximize the platform’s network effect. Given that
network effects are essential for the success of online platforms, conventional
platforms typically devote substantial resources to subsidize user participa-
tion to amass a large user base.” The equity holders of these platforms bear
the costs of subsidizing user participation to maximize future advertising rev-
enue, which increases with the size of the user base. Our model highlights the
trade-off induced by decentralization between safeguarding users and subsi-
dizing their participation in the presence of network effects.

Our model features an online platform that facilitates bilateral transactions
among a pool of users. There are three dates. At time 0, the developer of the
platform chooses to fund the platform by issuing either conventional equity
or tokens. The choice of funding scheme also determines the control and own-
ership of the platform in the subsequent periods. At time 1, potential users
choose whether to join the platform, subject to a personal cost of downloading
the necessary software and becoming familiar with the platform’s rules and
user interface. After joining the platform, a user can benefit from matching
with other users to make bilateral transactions at times 1 and 2. We model a
user’s transaction need by his endowment in a consumption good and his pref-
erence of consuming his own good together with the goods of other users. As a
result of this preference, users need to trade goods with each other, which can
occur only on the platform. Consequently, there is a key network effect—each

5See Code of Conduct: Taxonomy for Cryptographic Assets at https://www.gdf.io/wp-content/
uploads/2019/08/0010_GDF _Taxonomy-for-Cryptographic-Assets_Proof-V2-260719.pdf.

6 Also note that some cryptographic assets, such as security tokens and “financial asset” tokens
in the taxonomy of the GDF, are claims to cash flows but not to services from a platform. As
such, in 2017, the Securities and Exchange Commission ruled that such cryptographic assets are
securities as they confer an expectation of a return on investment through the efforts of others,
according to the Howey test (Blockchain and Cryptocurrency Regulation at https://www.lw.com/
thoughtLeadership/yellow-brick-road-for-consumer-tokens-path-to-sec-cftc-compliance.)

7For example, Google and Facebook offer free search and social networking services to at-
tract users.
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user’s desire to join the platform grows with the number of other users on the
platform and the size of their goods endowments.

We compare the conventional equity-based funding scheme, in which equity
conveys both control and (residual) cash flow rights, to several token-based
schemes. If the developer issues equity, this leads to a group of equity hold-
ers that is represented by an owner who receives ownership and control of
the platform. The owner chooses to provide a subsidy at time 1 to attract the
marginal user, whose own transaction need is relatively low and who is other-
wise not incentivized to participate on the platform. The participation of the
marginal user makes it easier for other users to find transaction partners and
thus maximizes the network effect. Because the owner can profit from charging
transaction fees that increase with the transaction surplus on the platform, it
internalizes the participation cost of the marginal user by providing a subsidy
to all users. However, control of the platform allows the owner to exploit users
at time 2 after the platform collects extensive data about them at time 1.

We consider a particular form of user exploitation—the owner may choose a
subversive action (such as pursuing aggressive advertising strategies or selling
user data to third parties, as sometimes occurs in practice), which benefits
the owner at the expense of users. Intuitively, the owner chooses this action
only when the transaction fees from the platform fall below the gains from
exploiting its users. Interestingly, while choosing this subversive action may
benefit the owner ex post at time 2, the owner is strictly better off ex ante at
time 1 if it can precommit to not taking such an action because anticipation
of the owner taking the subversive action discourages potential users from
joining the platform, with this abandonment magnified by the network effect.
It is impossible to commit under the equity-based scheme, as the owner can
always choose to reverse any previous commitment at time 2. This demand for
commitment motivates tokenization.

Alternatively, the developer may adopt a token-based scheme. We focus on
utility tokens because they represent the canonical form of tokens that enti-
tle holders to services but not cash flows of the platform. To illustrate the key
conceptual issues, we assume that the platform adopts a frictionless consensus
protocol that confers voting rights to token holders; later, in the paper, we ex-
amine the additional issues raised by protocols that require outside validators.
Under this setup, the owner sells tokens to users to participate on the plat-
form instead of charging fees. By issuing tokens to users who join the platform
at time 1, the developer transfers control of the platform at times 1 and 2 to
users through precoded algorithms, which can serve as a commitment not to
exploit users by requiring their consent. Users, as holders of the tokens, may
vote on changes to these algorithms, but they would never agree to adopt an
action that would hurt themselves. The lack of cash flow rights also discour-
ages nonusers from acquiring the tokens to seize control of the platform. This
framework therefore captures the key appeal of tokenization—giving ultimate
control of the platform to users through decentralization. However, this bene-
fit comes at the cost of not having an owner with an equity stake that would
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choose to subsidize user participation to maximize the platform’s network ef-
fect.

Comparing utility tokens to equity leads to a sharp implication: utility to-
kens are more appealing for digital platforms with relatively weak demand
fundamentals (i.e., aggregate transaction needs by users). Under the equity-
based scheme, user concerns about the owner subverting the platform are par-
ticularly high when the owner’s transaction fees are low, which makes the com-
mitment mechanism created by tokenization particularly valuable. Consistent
with this observation, we show that for a given level of concern about user
abuse, user participation, developer profit, and social surplus are all higher
under the equity-based scheme when the platform fundamental is sufficiently
high, whereas for a given level of platform fundamental, user participation, de-
veloper profit, and social surplus are all higher under the utility token-based
scheme when the concern about user exploitation is sufficiently high.

We next consider two extensions of our model to illustrate the difficulty in
overcoming the trade-off underlying decentralization when nonusers also par-
ticipate on the platform. First, we examine a hybrid scheme that allows the
platform to collect transaction fees from users and pay out the fees to token
holders as dividends. This scheme goes beyond the canonical tokens by giving
token holders not only the right to make transactions but also the right to re-
ceive cash flows from the platform. At the risk of abusing our nomenclature, we
refer to this hybrid cryptocurrency as “equity tokens.” Interestingly, we show
that by extending the contract space, the equity token-based scheme is able to
achieve the first-best outcome if the platform issues tokens only to users. As the
platform collects more transaction fees from heavy users, the cash flows from
the equity tokens serve as a subsidy from heavy to light users, which boosts
user participation. Such cash flows, however, also incentivize investors who
have no transaction need to acquire tokens as an investment, a phenomenon
absent under utility tokens because they only provide transaction benefits to
holders. The presence of investors diverts the subsidy away from users and
thus reduces their participation. More importantly, investors may even take
a majority stake to seize control of the platform, which, as we show, occurs
when the platform fundamental is sufficiently weak. Investors’ concentration
of control of the platform reintroduces the initial commitment problem that
decentralization through tokenization aimed to overcome, as investors choose
the subversive action when transaction fees fall below the gain from selling
user data. Allowing tokens to pay cash flows therefore leads to the converse of
the key trade-off that we highlight—it helps cross-subsidize user participation
but at the expense of reintroducing the commitment problem.

Second, we introduce a frictional consensus protocol on the platform by as-
suming that a group of decentralized validators compete for the right to record
transactions on the blockchain in exchange for transaction fees. For example,
a Proof of Work protocol requires that miners to solve complex computational
puzzles to add blocks to the blockchain, while a Proof of Stake protocol ran-
domly allocates the right to add blocks among stakers based on their hold-
ings. We formulate a general problem whereby transaction fees are used as
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incentives to motivate the efforts of validators to maintain the security of the
blockchain. When the platform’s fundamentals are strong and the transaction
fees to validators are sufficiently lucrative, validators have strong incentives to
compete for the transaction fees, making the blockchain robust to any outside
attack. In contrast, when the fundamentals are weak and transaction fees fall
below a threshold, the reduced incentives of the validators to compete make
the blockchain vulnerable to a “61% attack” by a rogue validator, leading to
an outcome similar to the subversive action explored earlier. This result re-
veals that reliance on validators to maintain the security of the blockchain
in tokenization may reintroduce the commitment problem because validators’
interests differ from those of users.

The rest of the paper is organized as follows. Section I reviews the re-
lated literature. We introduce the model setting in Section II and describe
the benchmark equity-based funding scheme in Section III. We examine the
utility token-based scheme and the alternative equity token-based scheme in
Sections IV and V, respectively. Section VI discusses issues related to the im-
plementation of consensus protocols. Section VII concludes. We provide a mi-
crofoundation for our trading protocol between users in Appendix A and proofs
to key propositions in Appendix B. We relegate proofs of the other propositions
to an Internet Appendix.®

I. Related Literature

Our paper is related to the growing literature on initial coin offerings (ICOs)
and their comparison to traditional financing schemes. Different from our fo-
cus on the conflict between platforms and users, many of these studies focus
on the classic conflict induced by moral hazard between an entrepreneur and
outside investors. Chod and Lyandres (2021) and Chod, Trichakis, and Yang
(2019), for instance, show that utility token financing is preferable to equity in
mitigating the underprovision of effort by an entrepreneur but leads to under-
investment and an underproduction of goods that are sold in advance. Catalini
and Gans (2019) and Gan, Tsoukalas, and Netessine (2020) compare utility to-
kens to revenue sharing and equity to profit sharing, respectively, the former
show that tokens facilitate competition and coordination among buyers, while
the latter show that equity better aligns the incentives of entrepreneurs and
speculators. Malinova and Park (2018) find that tokens can finance a larger
set of ventures in the presence of entrepreneurial moral hazard but are infe-
rior to equity unless they are optimally designed to include revenue sharing.
Gryglewicz, Mayer, and Morellec (2020) show that tokens are preferable to eq-
uity when financing needs and agency conflicts between the entrepreneur and
outsiders are not severe. Other studies, such as Li and Mann (2017) and Bakos
and Halaburda (2018), focus on the role of tokens in overcoming potential co-
ordination failure among users.

8 The Internet Appendix may be found in the online version of The Journal of Finance.
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Our analysis is also related to the literature on conflicts between a plat-
form’s owner and its users. Cong, Li, and Wang (2022) investigate optimal plat-
form financing of innovation by a firm that issues tokens to users, and show
that blockchain technology can foster commitment not to expropriate value
through excessive seignorage. Similar to our analysis, Goldstein, Gupta, and
Sverchkov (2019) also emphasize that tokens can ease the tension between
online platforms and customers, although they focus on monopolistic price dis-
crimination under which tokens unravel monopoly power by serving as durable
goods. Mayer (2019) shows that conflicts of interest among the platform devel-
oper, users, and speculators interact through token liquidity on utility token
platforms where the developer is subject to moral hazard and can sell its re-
tained stake.

Our paper also contributes to the literature on the trade-offs of decentral-
izing digital platforms. Arrunada and Garicano (2018) explore how relational
capital and the threat of hard forks on a decentralized platform can help re-
solve the “hold-up” problem in compensating content developers but at the
cost of weakening coordination in the adoption of new innovations compared
to a centralized platform. Cong and He (2019) investigate the trade-off of
smart contracts on decentralized platforms in overcoming adverse selection
while also facilitating oligopolistic collusion. Huberman, Leshno, and Moallemi
(2021) apply congestion pricing to find the optimal waiting fee structure under
the Proof of Work consensus protocol and, in a similar spirit to our analysis,
emphasize that decentralization prevents price discrimination by a monopo-
list but can lead to settlement delays. Tsoukalas and Falk (2020) argue that
token-weighted voting among users on blockchain-based platforms is ineffi-
cient in aggregating information compared to centralized platforms. Choi and
Park (2020) find that decentralization of information production can be so-
cially costly because individual inspectors do not internalize the social benefit
of their screening as would a monopolist in the context of academic journals.
In contrast to these papers, we study how decentralization interacts with the
financing of digital platforms and the trade-off between expropriating users
and subsidizing their participation.

II. Model Setting

In this section, we present the model setting. There are three dates ¢ €
{0, 1, 2}. For simplicity, we consider a generic platform, which facilitates bi-
lateral transactions among a group of users. At ¢ = 0, the developer of the plat-
form chooses a scheme to fund the platform based on a prior belief about the
platform’s fundamental, which we describe in more detail later. At ¢ = 1, each
potential user chooses whether to join the platform. After joining the platform,
a user has the opportunity to randomly match with another user to make mu-
tually beneficial transactions at ¢ = 1 and ¢ = 2, which can be viewed as the
short run and the long run, respectively.

The developer of the platform needs to choose a funding scheme for the
platform, and we examine several alternative schemes. A key feature of our
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analysis is that the platform owner lacks commitment across the two periods
and will not refrain from exploiting users at ¢ = 2 after they have initially
joined the platform at # = 1. This lack of commitment is a reasonable premise
for several reasons. First, it is common for these digital platforms to update
their terms of service, which gives them the flexibility to adopt strategies that
benefit themselves at the expense of the users. Second, digital platforms collect
large volumes of user data, which gives a platform the ability to take advan-
tage of its users either by selling their data to third parties or by pursuing
aggressive advertising strategies. Specifically, we assume that the owner of
the platform, which is only present under the equity-based scheme, can take a
subverting action at ¢ = 2 that monetizes users’ private data. Anticipating the
owner’s lack of commitment may, in turn, affect the decisions of potential users
to join the platform.

At ¢ = 1, there is a continuum of potential users with a measure of one unit,
indexed by i € [0, 1]. These potential users need to transact goods with each
other and can participate in two rounds of trading at ¢ = 1, 2 on the platform.
To join the platform, each user incurs a personal cost of ¥ > 0, which is related
to setting up the necessary software and getting familiar with the institutional
arrangements of the platform, and may need to pay an entry fee ¢ to the plat-
form. This entry fee may take different forms, depending on the platform’s
funding scheme, and can be positive or negative. As we discuss below, if the
platform is funded by a token-based scheme, a user needs to pay the cost of
acquiring a token to join the platform and consequently pay a positive fee. If,
instead, the platform is funded by an equity-based scheme, the owner G.e.,
equity holders of the platform) may choose to subsidize each user’s initial par-
ticipation by providing a subsidy, such as giving free digital services. In this
case, a user incurs a negative entry fee. Those who do not join initially cannot
participate on the platform in either round of trading. Let X; = 1 if user 7 joins
the platform, and X; = 0 otherwise.

User i is endowed with a certain good, which is distinct from the goods of
other users and has a randomly matched trading partner, user j, in the general
pool. Only if both i and j are on the platform can they trade their goods with
each other at t =1 and ¢ = 2. After each round of transaction, user i has a
Cobb-Douglas utility function over consumption of his own good and the good
of user j according to

. 1-9c A e
Ui(ci,cj)=< ¢ ) (C’> , @

1-n Te

where 7. € (0, 1) represents the weight in the Cobb-Douglas utility function on
his consumption of his trading partner’s good C; , and 1 — 7. is the weight on
consumption of his own good C;. A higher 5. means a stronger complementarity
between the consumption of the two goods. Both goods are needed for a user
to derive utility from consumption. If one of them is not on the platform, there
is no transaction and each of them gets zero utility. This setting implies that
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each user cares about the pool of users on the platform, which determines the
probability of matching with his trading partner.

User i has a goods endowment of e%, which is equally divided across ¢ = 1
and ¢ = 2. User i’s fundamental, A;, comprises a component A common to all
users and an idiosyncratic component,

A=A+,

where g ~ MO, 1) is normally distributed and independent across users and
from A. The common component A represents the platform’s demand funda-
mental, which is publicly observed by all users and the developer only at ¢ = 1.
Att = 0, the developer has a prior over A, A ~ G(A, rA’l), and chooses the plat-
form’s funding scheme based on this prior belief. We assume that [ &;d®(g;) = 0
by the strong law of large numbers.

The aggregate endowment A is a key characteristic of the platform. A clev-
erly designed platform amasses users with strong needs to transact with each
other. As we show below, a higher A leads to more users on the platform, which,
in turn, implies a higher probability of each user completing transactions with
another user; furthermore, each transaction gives greater surplus to both par-
ties. One can therefore view A as the demand fundamental of the platform.

When user i is paired with another user j on the platform, we assume that
they simply swap their goods, with user i using n.e* units of good i to exchange
for n.e* units of good j. Consequently, both users are able to consume both
goods, with user i consuming

Ci(i) = (1 = noe, C;Gi) = nee, (2)
and user j consuming
Ci(j) = nee™, Ci(j) = (1 —nc)e. (3)

We formally derive the consumption allocations between these two paired
users in Appendix A through a microfounded trading mechanism between
them. As each user receives half of his goods endowment in each period, this
consumption is also equally divided across the two periods. We can use equa-
tion (1) to compute the utility surplus U, ; and U; 2 of each user on both dates
when the transactions occur.

As a benchmark for our analysis, we first characterize the first-best equilib-
rium that maximizes the utilitarian welfare of all users on the platform and a
revenue-neutral scheme that implements it in the following proposition.

PROPOSITION 1: In the first-best equilibrium, if A > AFE =logk — 1((1 -
ne)? +n2)t1, then all users participate on the platform and a social planner
can implement this outcome by imposing transaction fees proportional to users’
transaction gain at a sufficiently high rate and redistributing the fees equally
back to all users. If A < AFE, then the platform shuts down because the social
surplus is negative.
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Proposition 1 illustrates a key network effect. In the first-best equilibrium,
all users join the platform when the social surplus is positive, even though
users with low endowments cannot cover their participation costs from their
transaction gains, because their participation increases the transaction gains
of other users. Thus, to implement this outcome, the social planner needs to
cross-subsidize the participation of users with low endowments. A revenue-
neutral scheme that accomplishes this is to impose a transaction fee pro-
portional to each user’s transaction gain and then equally redistribute the
collected transaction fees back to the users. Given that users with high en-
dowments receive greater gains from transactions and therefore pay larger
fees, the redistribution of fees provides a cross-subsidy from users with high
endowments to those with low endowments. A sufficiently high transaction fee
can consequently ensure full user participation. With this benchmark in mind,
we examine several more practical schemes in the following sections.

II1. The Equity-Based Scheme

We first examine the conventional equity-based scheme, which serves as a
benchmark for other schemes. At ¢ = 0, the developer may choose to set up a
conventional equity-based scheme to fund the platform. Under this scheme,
the developer issues equity, which is fully or partially sold to outside investors.
The developer may also retain some of the equity shares. Because it is not
crucial to differentiate the heterogeneity between equity holders, we simply
refer to them as the owner of the platform.

A. Owner Choices

The owner retains not only profit but also control of the platform. The profit
motivates the owner to fully build the platform’s user base so as to maximize
its network effect. Specifically, we allow the owner to provide an entry subsidy
¢ (i.e., a negative entry fee) at ¢ = 1 and then charge each user a fraction § of
his utility surplus U;; from the transaction in each period ¢ = 1, 2. We impose
a cap on the entry subsidy:

c> —ak.

The cap implies that the subsidy cannot be more than a fraction « € (0, 1) of
users’ participation cost. Because the platform has limited information about
the potential users at entry, it cannot discriminate between legitimate users
from the relevant pool and opportunistic individuals from outside the relevant
pool, that is, individuals who have no intention to participate on the platform
but join only to take advantage of the subsidy offered by the platform. To see
this, suppose that such opportunistic individuals incur a lower participation
cost of ax. Then, any subsidy above ax would attract an arbitrarily large num-
ber of opportunistic individuals.
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The owner’s control of the platform also allows the owner to take a subvert-
ing action s € {0, 1} at ¢t = 2. If the owner chooses s = 1, this action benefits
the owner by an amount proportional to the number of users on the platform,
y fol X,di, at the expense of the users. This action not only prevents any trans-
action on the platform, but also imposes a utility cost of y > ak on each user.®
This action can be viewed as a wealth transfer between the owner and users.
One can interpret this action as predatory behavior by the owner, such as the
sale of user data to third parties that exploit vulnerable consumers suscepti-
ble to temptation goods (Liu, Sockin, and Xiong (2020)). To highlight the broad
governance issues faced by digital platforms, we assume that the owner can
commit to the transaction fee at ¢ = 2.1°

The owner therefore sets fees at ¢ = 1 to maximize its total expected profit

1 1
¥ = supE / (¢ +6U;1)Xidi + / (X =s)0Uo+sy)Xidi | T |, (4
0 0

{c,d,s}

where 7; = {A} is the owner’s information set at ¢ = 1. For simplicity, we con-
strain the owner to set the same entry fee ¢ and transaction fee § for all users,
based only on the overall strength of the platform A, which is observed at
t = 1.1 The owner chooses subversive action s € {0, 1} at t = 2 to maximize
its profit

1
s = argmax / (8U;1(1 —s) + ys)Xidi. (5)
0

Because the owner’s profit is driven purely by the platform fundamental A, the
owner’s subversive action is also determined by A.

Anticipating the owner’s subversive action for certain values of A, potential
users are more reluctant to join the platform in this situation. As a result,
the owner may prefer to commit to not subverting at ¢ = 1 to maximize the
user base. Such commitment, however, is not credible under the equity-based
scheme. Even if the owner initially declares its commitment in the platform’s
charter at ¢ = 1, nothing prevents the owner from changing the charter at ¢t =
2, just as platforms regularly update their service agreements with users. As
we discuss below, a token-based scheme may allow the platform to commit

9 It is convenient, although not essential, to assume that the platform collapses for users at date
2. What is needed is that the cost to users, y, is sufficiently high.

10 That the owner can commit to a transaction fee § at ¢ = 2 is not essential for our analysis. Our
key insight would continue to hold if the owner ex post raises the fee to 100% (i.e., § = 1) at ¢ = 2
to maximize revenue. This is because the subverting action entails a harm (y) beyond a complete
loss in transaction surplus.

11 The platform may be able to impose transaction fees that are dependent on each user’s trans-
action need. This flexibility allows the owner to extract more fees from the users, which, in turn,
gives the owner an even greater incentive to subsidize user participation. However, because the
owner already chooses the maximum subsidy in our current setting, this flexibility does not affect
our qualitative comparison of the token-based and equity-based schemes. We prefer our conserva-
tive setting for its simplicity.
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to not take the subversive action if it assigns control of the platform to the
users themselves.

B. User Participation

At t = 1, each user decides whether to join the platform. We assume that
users have quasi-linear expected utility and incur a linear utility gain equal
to the total fixed cost of participation ¢ + « if they choose to join the platform
at ¢t = 1. Furthermore, each user needs to pay a fraction § of his utility surplus
U;; from any transaction in each period as a variable fee to the platform and
may suffer a loss of y if the owner chooses the subversive action at ¢ = 2. In
summary, user  makes his participation decision according to

max E[(1-8)(Ui1+ (1 —9s)U2) —«k —c—ys|L]X, (6)
X;€{0,1}
where 7Z; = {A, A;} is the information set of user ¢ at £ = 1. Note that the ex-
pectation of the user’s utility flow is with respect to the uncertainty associ-
ated with matching a transaction partner. By adopting a Cobb-Douglas utility
function with quasi-linearity in wealth, users are risk-neutral with respect to
this uncertainty.
It follows that user 7’s participation decision is given by

% 1 if E[A-8)U1+A—-s)Us)—k—c—ys|ZL] >0 @
o fE[A-8)(Un+Q-8)Uis)—k—c—ys|T] <0

Because the user’s expected utility is monotonically increasing with his own
endowment, regardless of other users’ strategies, it is optimal for each user to
use a cutoff strategy. This leads, in turn, to a cutoff equilibrium, in which only
users with endowments above a critical level, A¥ participate in the platform.
This cutoff'is eventually solved as a fixed point in the equilibrium to equate the
fixed participation cost to the expected transaction utility of the marginal user
from joining the platform. Given all users for whom A; > AE join the platform,
a fraction ®(/7.(A — AP)) of potential users join the platform.

C. Equilibrium

Our model features a rational expectations cutoff equilibrium, which re-
quires the following rational behavior of each user and the owner:

e Owner optimization: The owner chooses a two-part fee structure (c, §) at
t = 1 to maximize (4) and chooses its subversive action at ¢ = 2 to maxi-
mize (5).

e User optimization: Each user chooses X; at ¢ = 1 to solve his maximization
problem in (6) with respect to whether to join the platform.

Proposition 2 summarizes the equilibrium under the equity-based scheme.
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PROPOSITION 2: Under the equity-based funding scheme, there is a unique
cutoff equilibrium with the following properties:

(@) If A > AE, where the threshold AF is given by (B.15), the owner does not
subvert the platform at t = 2, which leads to the following outcomes at
t=1:

e The owner provides the maximum entry subsidy, c = —ax.

e The owner sets the transaction fee § to the value given by (B.12).

® Each useri adopts a cutoff strategy to join the platform if A; is higher
than ANS, where ANS is decreasing in A and is the smaller root of (B.14).

(b) IfA ¢ [AE | AP], where AL, is given by (B.17), the owner subverts the plat-

form att = 2, which leads to the following outcomes at t = 1:

e The owner provides the maximum entry subsidy, ¢ = —axk.

e The owner sets the transaction fee 8 to the value given by (B.13).

. lgach user i follows a cutoff strategy to join the platform with the cutoff
ASV, which is decreasing in A and is the smaller root of (B.16).

(¢c) IfA < AL | the platform breaks down with no user participation at t = 1.

Hk

Based on the realization of the demand fundamental A, there are three re-
gions: (i) an equilibrium without subversion when A is higher than AZ; (ii) an
equilibrium with subversion when A is in an intermediate range [AZ AE ]; and
(iii) the equilibrium in which the platform breaks down with no user partici-
pation if A is lower than AZ .

As more users join the platform, the larger user base creates more opportu-
nities for each user to match with another user, which leads, in turn, to more
transaction fees for the owner. The equity cash flows give the owner the in-
centive to internalize the network effect and to subsidize the entry fee to max-
imize user participation. Therefore, the owner always chooses the maximum
entry subsidy, ¢ = —ak, to attract the marginal user. This is a key advantage
of the conventional equity-based scheme. Nevertheless, the cap on the entry
subsidy constrains user participation from reaching the first-best level shown
in Proposition 1.

The equity ownership in the platform also creates another problem—the
owner may choose to exploit its control power by subverting the platform if
the transaction fees are sufficiently low. More specifically, if the platform fun-
damental A is lower than a threshold A”, the owner chooses the subversive
action at t = 2, as described by the second case in Proposition 2. Anticipating
the subversion and the resulting damage to users, potential users are reluctant
to join the platform at ¢ = 1. Their reluctance forces the owner to reduce the
transaction fee, and, despite the reduced fee, platform participation by users
remains lower than the level in the absence of the subversion. The following
proposition establishes this effect induced by the owner’s lack of commitment.

PROPOSITION 3: Under the equity-based scheme, when the subversion equilib-
rium occurs, that is, when A € [AE | AF], user participation, owner profit, and

EE)
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social surplus all decrease with the degree of user abuse y, while the boundary
of platform breakdown AE, increases with y.

Proposition 3 illustrates that, in the absence of commitment, as y grows,
user participation, owner profit, and social surplus are all lower, and break-
down is more likely to occur. As such, subversion has a negative impact on
the performance of the equity-based scheme. Essentially, subversion imposes
another participation cost to users that increases with y. The intuition for
why subsidizing entry is optimal is therefore also the intuition for why owner
profit is decreasing in y. Because the total transaction surplus is greater than
the product of the marginal surplus and the size of the user base due to the
network effect, there are increasing returns to proving an entry subsidy, or,
equivalently, decreasing returns to increasing participation costs. This propo-
sition consequently shows that, in the presence of the network effect, the lack
of commitment is particularly damaging to platforms with relatively weak
fundamentals.

IV. Utility Tokens

The lack of commitment by the platform owner under the conventional
equity-based scheme motivates decentralizing the platform as a DAO through
tokenization. By giving control to users, tokenization enables users to pro-
tect themselves from nonusers who would take the subversive action. We first
consider a baseline token-based scheme motivated by utility tokens that are
prevalent in practice. Specifically, this token-based scheme allows the devel-
oper to cash out by selling tokens to users at ¢ =1 and delegates the oper-
ation of the platform to precoded algorithms, which can be changed only by
approval of the token holders. Under this scheme, a user needs to purchase a
token to join the platform.!? By acquiring a token at ¢ = 1, a user obtains not
only the privilege of transacting goods with other users on the platform but
also the right to vote on issues related to the platform at ¢ = {1, 2}. A utility
token therefore conveys control rights to holders. However, unlike equity, a
utility token does not bestow cash flow rights to the platform’s profits. We as-
sume that a majority is needed to pass any decision among the token holders

12 This assumption is consistent with the common practice on many utility token platforms
whereby a user needs to hold tokens in his wallet to complete any bilateral transaction. There are,
however, several subtle issues related to this assumption. First, a user may wait to buy a token
until immediately before completing a transaction, assuming that market liquidity permits such
a timely purchase. Because all matched users need to transact at the same time, each user has
to hold one token at the time of the transaction. It follows that requiring each user to hold one
token at the time of the transaction, rather than when they join the platform, would lead to a
quantitatively lower aggregate demand for the token but would not qualitatively change the key
insights of our model. Second, because each user has the need to make one transaction in each
period in our model, no one would choose to purchase more than one token. As a result, those
users who join the platform would each buy one token. Finally, in practice, a user may need to
make more than one transaction in a period and thus must hold more than one token. Allowing
users to have different quantities of transaction needs again may quantitatively change users’
aggregate demand for the token but not the qualitative implications of our analysis.
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and that this can be accomplished without conflicts among users. Because the
token holders would never agree to take the subversive action against them-
selves, this token-based scheme allows the platform to commit to not taking
the subversive action.

This utility token-based scheme captures the notion of decentralization,
which underlies many decentralized crypto-based platforms, such as Filecoin,
Tezos, and Decred.'® Decentralization leads not only to a commitment to not
exploit users but also to the absence of an owner with a stake in the platform’s
profit who has an incentive to subsidize user participation. To the contrary,
the marginal user under the token-based scheme needs to pay for the token at
entry, in addition to the private participation cost. The lack of entry subsidy
implies that the token-based scheme cannot accomplish the full user partici-
pation required by the first-best equilibrium. Instead, the token-based scheme
serves as a compromise for platforms to precommit to not exploit users.

It is important to note that in the absence of cash flow rights, there is no
incentive for a nonuser to acquire utility tokens in our setting. In a dynamic
setting, speculative motives (i.e., expectation of future price appreciation) may
also attract some nonusers to hold utility tokens. Nevertheless, the conve-
nience from using the platform’s services is the main motive for holding utility
tokens.!* The simplicity of the utility token-based scheme makes it particularly
appealing for highlighting the aforementioned trade-off introduced by decen-
tralization. In Section V, we examine a hybrid scheme that allows the platform
to collect fees and pay out dividends to token holders, and in Section VI, we
analyze issues introduced by implementing a consensus protocol. In these al-
ternative settings, cash flow rights may lead nonusers, such as token investors

13 While we focus on the archetypal utility token scheme, varying degrees of decentralization
and tokenization exist in practice. CoinCheckup.com, for instance, classifies the governance struc-
tures of blockchain-based platforms into four categories—centralized-hierarchical, centralized-
flat, semicentralized, and decentralized—Dbased on the extent to which a platform is governed by
its community versus sponsoring organizations or key individuals. Such differences in governance
structure have a material impact on a platform’s performance. Instead, using this classification
system, Chen, Pereira, and Patel (2020) finds a U-shaped relation between the extent of a plat-
form’s decentralization and its market capitalization.

471n an earlier version, we examined a dynamic setting that allows retrading of tokens, as in
Cong, Li, and Wang (2021). Under rational expectations, although token price appreciation pro-
vides an additional source of return to owning tokens, it only defrays part of the effective cost of
joining the platform. Therefore, even with retrade value, a buyer must still pay the token price and
only recoups part of this investment through expected token price appreciation. Our key insight
that tokenization leads to undersubsidization of the platform therefore remains valid even when
the tokens have retrade value. The issue becomes more nuanced when buyers have heterogeneous
beliefs about future token price appreciation. Realistic short-sales constraints bias token buyers
to be more optimistic, which may drive less optimistic users off the platform. Beyond hampering
full user participation (i.e., the first-best outcome), optimistic token buyers may be nonusers who
treat tokens as an investment. As we discuss in Section IV, when tokens pay cash flows to hold-
ers, nonusers induced by the cash flows to buy tokens may reintroduce the commitment problem
because they have different interests than users. This insight also applies when optimistic beliefs
rather than cash flow payouts induce nonusers to invest in the tokens.
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and validators, to take control of the platform, which would reintroduce the
commitment problem.

Developer choice. Under the token-based scheme, the developer has a simple
choice at ¢t = 1 of setting the token price P to maximize his revenue from token
issuance

1
Hszax/ PX;(Z;)di,
P Jo

where the token price P adversely affects each user’s decision to join the plat-
form. The developer therefore faces a trade-off between a higher token price
and a smaller user base.

User participation. Similar to the equity-based scheme, at ¢ = 1, each user
chooses whether to join the platform by evaluating whether his expected trans-
action surplus with another matched user on the platform is sufficient to cover
the costs of participation, which is now the fixed cost and the purchase of a
token,

max E[U;;1+ U2 —« —P|L]X,.
X;€{0,1}
Under the utility token-based scheme, a user does not face any subversion risk
or transaction fees but needs to pay the token cost at entry.

Equilibrium. The equilibrium under the utility token-based scheme is sim-
ilarly defined as before, with the developer maximizing his revenue and each
user making his optimal participation decision. We summarize the equilibrium
in the following proposition.

PROPOSITION 4: Under the utility token-based funding scheme, the platform
breaks down with no user participation if A < AT, where AT, is given by (B.20),

ok

and there is a cutoff equilibrium with the following properties if A > AL :

(a) Each user i adopts a cutoff strategy in purchasing the token to join the
platform

x _ |1 ifA; = AT
"7 lo ifa; <AT,

where AT is given by the smaller root of (B.19).
(b) The token price P is given by

-12_ 1 1.2 -1 _
P = lmm e AT (g M2 — 2T — k., (8)

where 2" = JT.(AT — A).

Because the decentralization instituted by the utility token-based scheme
prevents the platform from taking the subversive action at ¢ = 2, Proposi-
tion 4 confirms that there is no subversion equilibrium. Instead, there is a
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no-subversion equilibrium if the platform fundamental A is above an equilib-
rium cutoff AZ , below which the platform breaks down.

The token price P in (8) is determined by the willingness of the marginal
user to participate in the platform. In contrast, the equity price under the
equity-based scheme is determined by the transaction fee collected from the
average user, who, by the nature of the network effect, benefits more from
participation in the platform than the marginal user. This contrast has several
important implications. First, token issuance is a less effective funding channel
than equity issuance. Second, token prices have different determinants than
equity prices and are particularly volatile because of the network effect of the
platform.!®

The following proposition compares performance of the token-based scheme
along several dimensions to that of the equity-based scheme.

PROPOSITION 5: Compared to the equity-based scheme:

(a) For a given level of y, the utility token-based scheme leads to lower user
participation, developer profit, and social surplus if the platform funda-
mental A is sufficiently high.

(b) For a given level of A, the utility token-based scheme leads to higher user
participation, developer profit, and social surplus if the degree of user
abuse y is sufficiently high.

Proposition 5 reflects the trade-off induced by the decentralization of the
utility token-based scheme. On the one hand, the decentralization allows the
platform to commit to not exploit users. On the other hand, the decentraliza-
tion also leads to the absence of any owner with an incentive to subsidize user
participation and thus to maximize the network effect. The benefit of the de-
centralization is greater when the concern about the platform’s exploitation of
users, as measured by the model parameter y, is sufficiently high. In contrast,
the benefit from having an owner subsidize user participation and maximize
the network effect is greater when the platform’s fundamental is sufficiently
strong and the concern about the platform’s commitment problem is not severe.

Relating our model to DAOs, the importance of decentralization to DAO par-
ticipants is evidenced by the explicit discussion of their governance structures
in their advertising material and on their websites. Decred and MakerDAO, for
instance, describe in great detail how token holders can engage in community
discussions on recent proposals and vote on their implementation. However,
the importance of subsidizing user participation to maximize the platform’s
network effect (e.g., Rochet and Tirole (2006)) makes tokenization particularly
costly for DAOs. Because there is no owner, such platforms often resort to
seignorage to provide subsidies. Seignorage acts as a transfer from existing

15 We examine the dynamic properties of token prices, which are determined by the willingness
of the marginal user to pay, in Sockin and Xiong (2020). These properties help explain patterns in
token return predictability documented extensively by Liu and Tsyvinski (2021), Liu, Tsyvinski,
and Wu (2022), Hu, Parlour, and Rajan (2019), Li and Yi (2018), and Shams (2019).
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token holders through token inflation. For instance, Bitcoin provided sizable
block rewards that declined over time according to a predetermined schedule
to foster early adoption by Proof of Work validators. ShapeShift engages in
random “Rainfall” airdrops of FOX tokens to reward users for holding tokens
and provides trading rebates. Such subsidization schemes are imperfect com-
pared to the free or discounted services offered by centralized platforms such
as Amazon and Google. In the next section, we examine a more direct scheme
of subsidizing token holders through cash flows.

Choice between equity and utility tokens. At t = 0, the developer chooses ei-
ther the equity- or utility token-based scheme to fund the platform before the
platform fundamental A becomes publicly observable at ¢ = 1. Instead, the de-
veloper makes this choice based on his prior belief distribution about A, pa-
rameterized by the cumulative distribution function (CDF) G(A). Given the
trade-off introduced by the utility token-based scheme relative to the equity-
based scheme, it is intuitive that the developer chooses the former when his
prior is that A is weak, as formally established by the following proposition.

PROPOSITION 6: Consider two prior distributions about the platform funda-
mental, G and G, such that G > G (in the sense of first-order stochastic domi-
nance). If the developer adopts the utility token-based scheme under G, it also
adopts it under G, and the set of priors for which the developer chooses the
utility token-based scheme is (weakly) increasing in y. In the special case of a
normal prior, G(A) ~ NMAg, 14), the developer chooses the equity-based scheme
if Ag > A°(y) and the utility token-based scheme otherwise.

Proposition 6 shows a sharp implication—the utility token-based scheme is
more likely to be adopted by platforms with relatively weak fundamentals.
The more weight that the developer’s prior puts on lower realizations of the
platform fundamental, the more likely the developer is to adopt the utility
token-based scheme. This implication is consistent with the casual observation
that many of the tokenized platforms in recent years tend to be in earlier stages
than other traditional equity-based platforms.

What underlies Proposition 6 is a stark difference between the equity price
and the token price. In the absence of any subversion by the owner of the plat-
form (as is the case when A is sufficiently strong), the equity price under the
equity-based scheme is determined by the aggregate transaction fees collected
from all users of the platform. While the transaction surplus is heterogeneous
across the pool of users, aggregate transaction fees are determined by the size
of the user pool multiplied by the proportional fee collected from the average
user. That is, the equity price is ultimately determined by the transaction sur-
plus of the average user on the platform. In contrast, the token price under the
utility token-based scheme is determined by the indifference condition of the
platform’s marginal user so that the token price is equal to the marginal user’s
transaction surplus. In the presence of the network effect, the transaction sur-
plus of the marginal user is lower than that of the average user. This nature
of the token price in the utility token-based scheme makes it less appeal-
ing for the developer to raise funding for the platform unless concerns about
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subversion are sufficiently severe, in which case the platform’s profit is higher
and breakdown occurs for a lower critical level of the fundamental under the
utility token-based scheme.

The key prediction of Proposition 6 is that tokenization is appealing for
platforms that have relatively weak fundamentals. Consistent with this ob-
servation, Howell, Niessner, and Yermack (2020), Benedetti and Kostovetsky
(2018), and Fisch (2019) document skewed distributions for ICO proceeds in
which relatively few ICOs have outsized successes, while a significant number
fail or raise only modest sums. Benedetti and Kostovetsky (2018) find similar
evidence of such skewness when examining token returns prior to secondary
market trading on an exchange.!'® One may also test our prediction more di-
rectly if one can measure the demand fundamental, A, of a tokenized platform.
Our theory suggests that total transaction fees, which are based on users’ av-
erage convenience yield, represent a reliable proxy. Given that many crypto
token holders may own them to speculate rather than to use them, measuring
platform performance by the number of users or unique wallets may be mis-
leading.

We note that there are two subtle issues with our analysis. First, in our
analysis, the commitment problem motivates the developer to retain zero stake
after the ICO. Other considerations such as adverse selection, however, may
provide other mechanisms for the developer to retain some tokens to signal
the quality of the platform. Therefore, the fact that developers retain tokens
in practice does not invalidate the importance of the commitment problem in
platform governance.

A second and more nuanced issue relates to the use of staged or tiered to-
ken sales to subsidize user participation. Specifically, the developer may use a
pecking-order pricing schedule to initially attract heavy users and charge them
higher token prices, and then later attract light users by charging them lower
prices. This scheme effectively provides a subsidy to light users. However, this
subsidization scheme is not feasible for several reasons. First, it is difficult for
developers to distinguish between heavy and light users (as well as investors),
as monetary incentives may induce users to manage their transaction activi-
ties. Second, by the Coase argument, tokens are durable and failing to restrict
tokens with lower prices to light users will unravel the ability to charge high
prices to heavy users. Third, even if the developer could design an efficient
menu and staging schedule to fully subsidize light users, this scheme is appli-
cable only in the initial stage of platform development—after the decentralized
token platform has been launched, the developer cannot continue to use this
scheme to attract new users to maximize the network effect.

16 Admittedly, fear of regulation and potential oversight by the SEC may have impacted the
funding decision of entrepreneurs between equity and token financing during this period. While
this may have dissuaded some entrepreneurs from issuing tokens, it is not clear that this would
impact stronger or weaker projects differentially. In addition, such concerns are less likely to be
relevant going forward as the cryptocurrency community continues to establish best practices for
transparency of ICOs.
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V. Equity Tokens

Although the utility token-based scheme gives control of the platform to
its users, it does not collect any transaction fees that could be used to cross-
subsidize the participation of marginal users with the fees collected from heavy
users. This additional cost of decentralization motivates hybrid schemes that
combine features of equity and utility tokens. In this section, we consider such
a hybrid scheme, which allows the platform to collect transaction fees from
users and pay out the fees to token holders as dividends. A token therefore
entitles its holder not only to the transaction service on the platform but also
to cash flow from the platform, which is typically associated with equity. While
this hybrid scheme does not fall into our canonical definition of tokens, for ease
of exposition, we refer to this scheme as equity tokens. It should be clear that
this equity token-based scheme entails a more general contract space than the
utility token-based scheme analyzed in the previous section.

The cash flows from the equity tokens provide a channel to subsidize
marginal users. Such cash flows, however, may also incentivize nonusers to
acquire equity tokens as a financial investment. Given these two potential ef-
fects, we examine how the equity token-based scheme may affect the platform
in two steps. We first analyze the case in which the owner issues equity tokens
to users absent the presence of any investors, who may acquire the tokens
for investment motives. Interestingly, by cross-subsidizing marginal users, the
equity token-based scheme is able to achieve the first-best outcome and al-
lows the owner to extract the full transaction surplus through token sales. We
then analyze the case in which the cash flows of equity tokens attract investors
without any transaction need to acquire the tokens. Interestingly, the presence
of investors reintroduces the commitment problem as investors may choose to
take the subversive action at the expense of users.

A. The Case without Investors

Specifically, at ¢ = 1, the developer of the platform issues equity tokens to
users at a price of P and may also retain a stake of N tokens at a proportional
cost, xN, which can be viewed as an opportunity cost with x > 0. The developer
sets a transaction fee at ¢ =0, 7 > 0 , to maximize its profits. That is, the
developer maximizes its profits by setting a transaction fee rate dr, a token
price P, and a retention policy of N tokens:

N
N + [} X,(T))di
—xN. 9

1 1
nfT — m}a})](v/ PX,(Z;)di + / (67U; 1 + (1 — 8)87U; 2 + sy)X;(Z;)di
s 0 0

dr,

Att = 2, token holders may vote by majority whether to revise the transaction
fee and whether to take the subversive action to sell user data to third parties.

Interestingly, this equity token-based scheme is able to achieve the first-best
outcome. The key mechanism is that the payout from the equity token can

B5UD 1T SUOWILLOD AR 3|qedl|dde au Aq peusenob ake sapie YO ‘@SN Jo Sajnl oy Ariqi auluQ A3|IAA UO (SUO N IPUOD-PUR-SWLIBIOD A3 | 1M Aeid 1 pul|uo//:Sd1y) SuonIpuoD pue swie | Y1 89S *[£202/TOAT] uo Aiqiauljuo A8|1M ‘npeuoipound Akiq @) equew-<yre 0qaqIus> Aq Z6TET  JOI/TTTT 0T/I0p/wod A3 | Im Aelq 1 puluo//sdny woly pepeojumoq ‘T ‘€202 ‘T92907ST



Decentralization through Tokenization 267

serve as a transfer from high-endowment users to low-endowment users, thus
subsidizing the participation of low-endowment users, similar to the revenue-
neutral scheme outlined in Proposition 1. Specifically, at ¢ = 1, the developer
chooses to set a transaction fee of 100% on the platform, and then, at ¢ = 2, it
is also in most users’ interest to continue this transaction fee. A stark assump-
tion of our setting is that the platform is unique in providing the matching
service to users. As a result, even high-endowment users are willing to ac-
cept the high transaction fee to participate on the platform.!” Through this
transaction fee, the platform collects all of the transaction surplus and redis-
tributes the surplus among all users. Because low-endowment users receive
more in the token payout than they pay in transaction fees, this transfer helps
overcome the constraint imposed by the cap on the entry subsidy under the
equity-based scheme.

This equity token-based scheme is able to achieve the first-best equilibrium
outlined by Proposition 1. If the platform fundamental is higher than AFE,
there is full user participation on the platform and the developer is able to
extract the full transaction surplus through the token sale. If the platform
fundamental is below the threshold, the platform breaks down as it does not
lead to any social surplus. Proposition 7 summarizes the equilibrium in detail.

PROPOSITION 7: Under the equity token-based funding scheme, there is an
unique equilibrium with the following properties:

(a) IfA > ATB where the thresholdAF® is given in Proposition 1, the platform
achieves the first-best outcome with the developer earning the first-best
social surplus as its revenue:

e Att =1, the developer sets the token price to
pP— eA+%((17n(,)2+nf)r;1 s
which is equal to the first-best social surplus, takes zero stake in the
platform, N = 0, and sets the transaction fee 57 = 100%.
e All users join the platform at t = 1.
e Att =2, the users maintain the transaction fee 7 = 100% by majority
vote and never choose the subversive action.
(b) IfA < AFB, the platform breaks down with no user participation at t = 1.

In the equilibrium described by Proposition 7, the developer precommits to
not subvert the platform by not retaining any tokens; as such, it has no ability
to subvert the platform at ¢ = 2. In this setting, the lack of retention by devel-
opers represents a commitment device rather than a signal of moral hazard
or of the project’s quality. Our analysis thus suggests that in the absence of
investors, equity tokens not only improve on traditional equity financing but
can also achieve the first-best outcome on the platform.

171t should be clear that relaxing this assumption would lead to a lower transaction fee and
thus a smaller transfer from high-endowment users to low-endowment users. Nevertheless, the
transfer helps subsidize the participation of low-endowment users on the platform.
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B. The Case with Investors

Thus far, we have ignored the fact that, similar to equity, selling equity to-
kens that pay cash flows introduces an incentive for nonusers to acquire eq-
uity tokens as an investment. In contrast, there is no incentive to hoard utility
tokens because they only provide transaction benefits and only one token is
needed to participate on the platform. The presence of nonusers who can ac-
quire a sufficient quantity of equity tokens may reintroduce the commitment
problem, albeit through a modified form.

To illustrate this, suppose that there is a large, risk-neutral outside investor
who has no transaction benefit from the platform and who can buy equity to-
kens to collect their dividends. Because the investor does not use the platform,
it does not incur the participation cost «.'® Thus, at # = 1, the investor acquires
n tokens to maximize

! = max nl
n20 n+ N+ [y Xi(T))di

1
/ (87U;i1 + (1 — s1)87U; 2 + s1y)Xi(Z;)di — nP,
0

(10)
taking as given the token price P, the transaction fee §7, and developer stake
N, which are all chosen by the developer. Note that folXi(Ii)di = &(—2FT) is
the size of the user base. The token price P must be lower than the token’s
cash flows in order to subsidize the marginal user’s participation cost. Thus,
there is a positive gain for the investor to acquire the token. Furthermore, as
n/(n + N + &(—zFT)) is increasing and concave in n, the optimization program
of the investor in (10) is concave in n.

At t = 2, if its share is sufficiently large, the investor may vote to take a
subversive action s; € {0, 1} to modify the platform and sell user data to third
parties. For instance, the investor can alter the platform’s terms of service and
use privileged information about users to harvest blockchain transactions for
ad targeting.!® Such a decentralized governance mechanism of voting based
on (staked) token holdings is consistent with current schemes implemented in
practice, including those on MakerDao and Kyber. If the investor votes to sell
user data, s; = 1, the subversive action expropriates y in value from each user
at the cost of preventing all transactions on the platform at ¢ = 2; because the
investor does not use the platform for transactions, it is not harmed by this
action. The revenue of y is paid out as dividends to all token holders in lieu
of transaction fees at ¢ = 2. Because users lose their transaction benefit and
recapture only a fraction of the revenue in dividends, they strictly lose from
the sale of their data and thus will always vote against the subversive action.

18 Although it is convenient for our analysis to assume that the investor is large, such an as-
sumption is not necessary. Our key insight that the presence of investors reintroduces the com-
mitment problem that utility tokens help alleviate would remain valid even with a continuum of
competitive investors.

19 Crypto-based platforms often collect user information for their operations in addition to that
recorded in on-chain transactions. Aragon, for instance, requires a phone number or e-mail to sign
up and log in, while Shapeshift records transaction histories.
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Specifically, at ¢ = 2, the investor receives a fraction n/(n + N + ®(—2£7)) of
the platform’s dividend, which is %8TU , where U is the total transaction sur-
plus, if it does not subvert the platform and ydD(—z}ET) if it does. It is therefore
straightforward to see that the investor will want to subvert the platform if

y&(=2ET) > %8TU. (11)

Thus, the presence of the investor may reintroduce the commitment problem.
The developer again maximizes its profit

87U 1+ (1 —sp)drU; o + spy) Xi(Z))di LN

N +n+ [L X(T)di ’
(12)

taking the investor’s stake n and subversion policy s; as given. Like the equi-

librium described in Proposition 7, we can show that the developer will not

retain any tokens, that is, N = 0. As a result, the investor will need a majority

share of the tokens to vote against the users to subvert the platform.

For convenience, we express the token price as

l'[‘IET = }gigaﬁl%P(n + CD(—Z‘IET» —l—NfO1 (
50T

267U + (1 —sp)287U + spy @(—2E7)
n+ N+ &(—2ET)

P= — s7Y +p‘?T,

which is the sum of the dividends paid by the token, the subversion cost im-
posed on the user, and a piece p?T, which represents a price discount or pre-
mium for the marginal user. Because the marginal user is indifferent between
acquiring or not acquiring the token, p?” is equal to the net of his expected
transaction benefit and participation cost. In choosing the token price P to
maximize its profit in (12), the developer needs to set a price discount pr <0
to maximize user participation.

However, the developer cannot distinguish the investor from users when sell-
ing tokens at ¢ = 1. As a result, the investor may take a stake, which, in turn,
diverts the subsidy away from platform users and thus harms user participa-
tion. Furthermore, the investor may be incentivized to take a majority stake
that gives it control of the platform. If this happens, the investor becomes the
effective owner of the platform at ¢ = 2 and would choose to take the subver-
sive action if the condition in (11) is satisfied. Proposition 8 shows that this
would happen if the platform fundamental, A, is sufficiently weak.

PROPOSITION 8: Under the equity token-based funding scheme with a large
investor, there is an equilibrium with the following properties:

(a) At t =1, the developer retains zero tokens, N = 0, and sets the optimal
transaction fee 57 and token subsidy p’IET to satisfy (B.33) and (B.32),
respectively.
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(b) The investor’s optimal stake n is given by

—1. (13)

n__ 287U + (1 —sp)387U + spy @(—2E7)
(2" Po(=27")

(¢c) The investor acquires a majority share of tokens and subverts the plat-
form when the platform fundamental, A, is sufficiently weak.

(d) The developer’s profit, the token price, and user participation are lower
than in the absence of the investor.

Proposition 8 shows that while allowing for equity tokens to pay dividends
can achieve the first-best outcome when only the developer and platform users
are involved, the cash flows from equity tokens provide an incentive for an out-
side investor to buy tokens as an investment. Consequently, the commitment
problem reappears. Specifically, when the platform fundamental is sufficiently
weak, the investor takes a majority stake and chooses to subvert the platform.

Interestingly, the developer has an incentive to precommit by not retain-
ing tokens because subversion destroys its profit by reducing the token price
and transaction fees. However, the lower token price induced by anticipation
of subversion may reinforce the commitment problem of the investor because
subversion reduces user participation and makes it even cheaper for the in-
vestor to acquire a majority stake of tokens.

Taken together, although allowing equity tokens to collect transaction fees
helps to resolve the lack of subsidy of user participation, it reintroduces the
commitment problem by attracting token investors to take control of the plat-
form in some states of the world. This outcome highlights that the removal of
cash flow rights from utility tokens is an important feature that ensures that
users control the platform, and not outside stakeholders such as equity holders
and equity-token investors whose presence would ultimately give rise to the
commitment problem. In practice, for (alt)coins and utility tokens, the retrad-
ability of tokens on secondary exchanges provides an important motivation to
speculate. See Makarov and Schoar (2021) for evidence of trading associated
with severe concentration in ownership of coins on the Bitcoin platform.

The key shortcoming of equity tokens is that the platform’s developer and
precoded governance algorithms cannot distinguish between which token hold-
ers are users and which are investors. Governance protocols that weight user
preferences by their (staked) holdings may be ineffective at resolving this is-
sue because tokens also represent a speculative investment; as such, a token
holder’s stake need not correlate with his usage of the platform. However,
a governance (and potentially consensus validation) mechanism that weighs
stakeholders by their participation on the platform (i.e., Proof of Use) may be
able to simultaneously accomplish subsidization of user participation with eq-
uity tokens while safeguarding users through decentralization. Because users
are dispersed and can have multiple accounts or wallets, while investors can
feign platform activity, overcoming such a severe asymmetric information
problem would likely require either collecting vast amounts of token holder
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data or a sophisticated incentive-compatible design with respect to how to mea-
sure participation. Our analysis suggests that the fees paid by users to use the
platform’s services, which are relatively more costly for nonusers to feign, may
be a component of such a scheme, and cautions against the common practice
of weighting stakeholders by their (staked) holdings, as is done on MakerDAO
and Kyber.

VI. Consensus Record Keeping

While we have assumed thus far frictionless record keeping on the decen-
tralized token platform, in practice, tokenization requires a consensus protocol
to maintain the platform’s blockchain. Implementation of such consensus pro-
tocol requires giving cash flow rights to a group of nonusers as an incentive to
validate transactions and defend the platform’s security. Prominent examples
of such protocols include Proof of Work, in which miners solve complex com-
putational puzzles to add blocks to the blockchain in exchange for transaction
fees and seignorage, and (delegated) Proof of Stake, in which stakers are ran-
domly selected to add blocks based on their staked holdings in exchange for
transaction fees. While such protocols have been implemented successfully in
practice, they also introduce novel frictions that are absent from conventional
platforms.?° In this section, we show how such consensus protocols, by allocat-
ing cash flow rights and control rights to outside validators, may reintroduce
commitment issues.

We assume that the platform operates as in the baseline utility token setting,
as outlined in Section IV, with users completing transactions at both dates and
the developer selling tokens at ¢ = 1. Users again self-select onto the platform
based on a cutoff rule, joining if A; > Apc, with ®(/7.(A — Ap¢)) users joining
att = 1. Now, however, transactions at each date must be completed by valida-
tors who charge transaction fees to maximize their revenue.

There is a pool of potential validators who each have a fixed cost of becoming
a validator, n > 0. Validator j records transactions on the platform’s blockchain
in exchange for transaction fees at date ¢, 57 j%U (Arc), where 87 ; is set by each

validator and %U (ATC) is the total transaction surplus for the period given that

20 With Proof of Work, for instance, miners may have an incentive to strategically attack the
blockchain (e.g., Chiu and Koeppl (2017), Budish (2018), Pagnotta (2022)) or fork the blockchain
(e.g., Biais et al. (2019), Saleh (2021)), and there are potential economic limits to the scope of its
adoption because of congestion (e.g., Easley, O’'Hara, and Basu (2019), Hinzen, Kose, and Saleh
(2020), Huberman, Leshno, and Moallemi (2021)) that have led to the use of off-chain transaction
schemes (e.g., Bertucci (2020)). Furthermore, the use of seignorage to pay miners acts as an infla-
tion tax borne by users and other miners. As a permissioned blockchain, Proof of Stake suffers less
from issues of security (e.g., Fanti, Kogan, and Viswanath (2019), Kose, Rivera, and Saleh (2020)),
but is subject to concerns of scalability through the concentration of stake holdings via “richer gets
richer” dynamics (e.g., Fanti et al. (2019), Rosu and Saleh (2021)) and delegation (e.g., Catalini,
Jagadeesan, and Kominers (2020)). Biais et al. (2021) develop a structural model of cryptocurrency
pricing with transactional benefits and costs from hacking and estimate it with data on Bitcoin.
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users follow a cutoff policy with cutoff endowment Azc.2! In addition to setting
the transaction fee, validators compete for transactions by exerting effort e;
at a linear proportional cost &. Their likelihood of completing transactions is
given by their relative supply of effort ej/(e; + > i2j€;)- A validator who joins
the platform decides its transaction fee and effort level at ¢ = 1. As in practice,
validators are decentralized and anonymous, and they cannot collude. If no
validators participate, the platform fails.

After paying the fixed cost to join the platform, with probability A € (0, 1),
one of the validators is randomly selected (with equal probability) to be a rogue
validator.?? Instead of validating transactions, this rogue validator can pre-
pare an attack on the platform’s blockchain at ¢ = 1 to expropriate the value
y from each user and thus a total of y ®(,/7.(A — Ap¢)) from all users at ¢ = 2;
if it does not attack, it participates in validating transactions at both dates
with the other validators. The attack succeeds at ¢ = 2 if the rogue validator
supplies more effort than the other validators (i.e., at least ), zje€ ), and, for
simplicity, destroys all transactions on the platform. Such an attack, which is
often called a “51% attack,” could, for instance, be a “double spending” attack
in which a validator creates false transactions and undoes legitimate ones to
profit from the fraudulent behavior. It is profitable for a validator to attack if
the net revenue from attacking is larger than honest validation of transactions.
Users are aware of whether there is a risk of a strategic attack when joining
the platform.

Let M be the number of validators who join the platform in equilibrium so
that users face an expected transaction fee:

M M
8T=25Tﬂjej/2ejr. (14)
Jj=1 J'=1

Validator j solves the optimization program

1 1
max{(l—AM>Vh +AA—4VQ —n,O}, (15)

211n practice, record keepers choose which potential transactions to add to the next block based
on the fees proposed by the users submitting the transactions. We take a reduced-form approach
to this complex auction process by assuming that the validators set the fees. We also abstract from
seignorage block rewards in our static setting because there is no retrading, and consequently no
retrade value, of tokens.

22 We assume that no other validators can attack the blockchain because the payoffs to being the
rogue validator versus an honest validator will generically differ in our static framework. However,
in a dynamic version of our model, the continuation values among validators would ensure that all
validators are indifferent to being the rogue validator or an honest validator at any point in time.
For simplicity, we also ignore the possibility that several validators may form a pool, as discussed
by Cong, He, and Li (2021) and Lehar and Parlour (2020), to compete for transaction fees and even
attack the blockchain.
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where V;, and V, are the expected continuation values of an honest validator
and a rogue validator, respectively. In what follows, we construct a sequential
Cournot-Nash equilibrium that is symmetric among honest validators.

This framework for validators is general enough to capture many of the
trade-offs of two popular consensus protocols, Proof of Work and Proof of Stake.
In Proof of Work, miners purchase specialized mining hardware and software
to be able to mine cryptocurrencies. The computational power they supply to
win the block reward and complete transactions from the mempool is based
on how much electricity they allocate to their processors. In the context of our
model, setting up a computer for mining represents the fixed cost, and the com-
putational power and electricity costs represent the effort. Under the Proof of
Stake protocol, a staker’s stake is measured by how much cryptocurrency it
has locked in an escrow account that has been inactive for a certain period
of time. Stakers are assigned to complete transactions for fees based on their
relative stakes, with larger stakes being awarded with more transactions. In
the context of our model, the fixed cost represents the cost of setting up the
necessary software and escrow account, and the effort represents the size of a
validator’s stake.

Because our setting features strategic interaction among M large valida-
tors, there can exist many equilibria of this record keeping game. Given that
a comprehensive characterization of all possible equilibria is challenging and
not the focus of our paper, we instead characterize two equilibria that illus-
trate our key conceptual insight: a “no-attack” equilibrium in which there is no
risk of a strategic attack, and a “mixed-strategy attack” equilibrium in which
the rogue and honest validators mix over a continuum of effort levels when
attacking and defending the platform’s blockchain. The following proposition
characterizes these two equilibria.

PROPOSITION 9: If the platform fundamental, A,is sufficiently strong, that is,
A > A}, there is an equilibrium with no attack and the following properties:
(i) each validator chooses the same optimal transaction fee and effort:

o = — M ,
- logU (Arc(or))
e = g%%U(ATc(ST));

and (i) validators join the platform until M = max{m : v;(m) > n}, where v;(m)
is given in (IA4) of the Internet Appendix. If A < A}, there exists a mixed
strategy attack equilibrium in which: (i) the transaction fee is

M-1 .
ﬁ logU (ATCS(3TS ))

drs = —

and (i) the rogue validator mixes between a continuum of effort levels e, €
le,.e.] and honest validators mix between levels e € [0, é,laccording to the
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CDFs 1 — my(e,) and 1 — my,(e), respectively, as given by (IA15) and (IA18) of
the Internet Appendix, and a strategic attack succeeds with probability

3 5TSU<ATCS(5TS))
P73 y@(ﬁ(A —ATCS(5TS))> .

Proposition 9 shows that across the two derived equilibria, the rogue valida-
tor has an incentive to attack the blockchain when the platform fundamental,
A, is relatively low. When A is low, validators earn less transaction fees and
therefore are less willing to exert high effort to defend the blockchain. For suf-
ficiently low fees, they are willing to allow strategic attacks to succeed with a
probability that is declining in their collective effort, which makes the platform
vulnerable to an attack. To date, the cryptocurrencies that have suffered such
attacks, including Feathercoin, Bitcoin Gold, ZenCash, Monacoin, and Verge
(thrice), tend to have smaller market caps relative to Bitcoin, Ethereum, or
Litecoin. Our analysis consequently reveals that giving control and cash flow
rights to validators, as part of the tokenization scheme to decentralize the plat-
form, can reintroduce the commitment problem because the interests of valida-
tors, such as miners and stakers, are not aligned with those of users.?

The impact of poor governance induced by consensus protocols on platform
performance has been recognized in practice. For example, the payment plat-
form Decred cites in its recent business brief the negative impact of user attri-
tion from hard forks on a platform’s network effect as a rationale for building
a strong decentralized governance system.?* In this brief, the Decred team ar-
gues that Bitcoin is an example of a platform in which significant control has
been consolidated by Proof of Work miners and its Core developers, leading
to marginalization of other stakeholders, protracted disputes, and fissures in
its community from hard forks. Makarov and Schoar (2021) provide evidence
of this concentration in ownership among Bitcoin miners, an outcome that is
at variance with Satoshi’s vision of competitive, anonymous mining. Decred
has implemented a hybrid Proof of Work and Proof of Stake consensus pro-
tocol specifically to avoid centralization of the platform’s governance among
validators.?®

VII. Conclusion

In this paper, we develop a model to examine the decentralization of online
platforms through tokenization as an innovation to resolve conflicts of interest
between platforms and their users. By delegating control to users through a

23 A related notion is the blockchain trilemma in Abadi and Brunnermeier (2018), which states
that it is impossible for a digital record keeping system to simultaneously be resource efficient,
self-sufficient, and rent-free.

24 See the Business Brief of Decred at https:/decred.org/brief/.

25 On Decred, DCR token holders with a sufficiently large stake vote on-chain and off-chain on
changes to the platform by temporarily locking their tokens in a lottery ticketing system.
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collection of preprogrammed smart contracts, tokenization acts as a commit-
ment device that prevents a platform from exploiting its users. Our analysis
shows that this commitment comes at the cost of not having an owner with an
equity stake who is incentivized to subsidize user participation to maximize
the platform’s network effect. This cost is present even absent the frictions
associated with implementing consensus protocols to accomplish decentraliza-
tion, although these frictions can reintroduce the conflict between users and
validators. As such, decentralization through tokenization leads to a funda-
mental trade-off between fostering commitment and subsidizing user partici-
pation. This trade-off implies that utility tokens may not always be better than
equity for funding all platforms. Specifically, utility tokens are more appealing
for platforms with weak fundamentals because such platforms tend to have
more severe concerns about user exploitation.

In addition to the archetypal utility token-based scheme, we analyze a hy-
brid equity token-based scheme that allows the platform to collect transaction
fees from users and pay them out to token holders as dividends. Interestingly,
in the absence of investors who acquire tokens only as an investment, the eq-
uity token-based scheme is able to achieve the first-best equilibrium because
the cash flows from the equity tokens boost user participation by acting as a
subsidy from heavy to light users. However, such cash flows also incentivize
investors without any transaction need to acquire tokens as an investment.
The presence of investors diverts the subsidy away from users, which reduces
user participation. More importantly, investors may even take a majority stake
to seize control of the platform when the platform fundamental is sufficiently
weak. Investors’ control of the platform consequently reintroduces the commit-
ment problem that decentralization through tokenization aimed to overcome.

By comparing specific funding schemes, our analysis abstracts from the de-
sign of the optimal funding mechanism that resolves the conflict between a
platform and its users. Such an exercise would need to be conducted within
the context of an optimal implementation protocol for achieving consensus
on the blockchain, an issue that remains unsettled in the literature and, as
our analysis shows, may reintroduce the commitment problem.?® Our work
nevertheless highlights a high-level trade-off that can inform such an opti-
mal design, one that cannot be easily resolved with conventional arrange-
ments for allocating control and cash flow rights. First, tokens are less effi-
cient than equity in extracting value from a platform because token prices are
based on the convenience yield of the marginal user, while equity is based on
the average user through the platform’s revenue from transaction fees. Sec-
ond, although users will never act against their interests by undermining the
platform, individually they do not have an incentive to subsidize platform par-
ticipation, despite the fact that it is socially optimal. Third, if tokens carry cash
flow in addition to control rights, users or outsiders may have an incentive to

26 For instance, the optimal design may involve a hybrid model of decentralization, such as in
Cong, Li, and Wang (2022), in which the platform’s owner stewards the platform’s operations and
development through active token monetary policy.
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centralize the platform by amassing tokens, which would reintroduce the com-
mitment problem, especially when the token price is low and the platform is
vulnerable to subversion.

Initial submission: January 21, 2020; Accepted: January 26, 2022
Acting Editor: Bruno Biais

Appendix A: Microfoundation of Goods Trading

In this appendix, we microfound the goods trading between two users when
they are matched on the platform at date . Given all objects are at date ¢, we
omit time subscripts to economize on notation. We assume that user i max-
imizes their utility by choosing their consumption demand {C;, C;} through
trading with their trading partner user j subject to its budget constraint,

Ui = {?%?}U(CL’CJ’A/‘) (A].)

such that p,C; 4+ p;C; = p;e,

where p; is the price of their good. Similarly, user j solves a symmetric opti-
mization problem for their trading strategy. We also impose market clearing
for each user’s good between the two trading partners:

Ci(i)+Ci(j)=e* and C;@)+C;(j)=e".
Finally, we assume that users behave competitively and take the prices of their
goods as given.

PROPOSITION 10: User i’s optimal goods consumption is
Cii) = (1 = no)e, C;() = nee™,
and the price of his good is

pi = ele(Ai—A),

The expected utility benefit of user i at t = 1 is given by
2, - A-A
E[U(C;,C))|T;] = ed-meititnatinie (ncrgm + —>

—-1/2
Te /

and the ex ante utility benefit of all users before observing their goods endow-
ments is

U= eA%((l"")zﬂg)rglq’((l —n)r P+ 2 _A) q’(ncrgl/z + 2 _A>.

12 12

Proposition Al shows that each user spends a fraction 1 — 5. of his endow-
ment on consuming his own good C;(i) and a fraction 5. on the good of his
trading partner C;(i). The price of each good is determined by its endowment
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relative to that of the other good. One user’s good is more valuable when the
other user has a larger endowment, and thus, each user needs to take into
account the endowment of his trading partner when making his own decision.
The proposition demonstrates that the expected utility of a user in the platform
is determined not only by his own endowment e? but also by the endowments
of other users. This latter component arises from the complementarity in the
user’s utility function.

Appendix B: Proofs

PrROOF OF PROPOSITION 1: We consider a social planner who maximizes the
utilitarian social surplus on the platform, which is the sum of the total trans-
action benefit on dates 1 and 2, net of the fixed costs paid by users to join the
platform:

1
W = sup E|:/ (Uzﬂ,l +U;1— K))(ldl | Il]
0

X;€{0,1}
1
— sup E|: f (e<1—nc>AzE[emAf |Il-]—;c>Xidi|Ili|. (B.1)
X;€{0,1} 0

Note that the transaction surplus on date 2 is the same as that on date 1 in the
absence of subversion. It is obvious that because the only heterogeneity among
users is in their endowment, A;, the planner would optimally follow a cutoff
strategy whereby users with A; > Aj; join the platform. Recognizing this, (B.1)
reduces to

1(1n)2an?) et A —A; A —A;
W = sup eA+z<(1 Ne) -H?g)fg ¢,<(1 _ 770)75?1/2 + - W>CD<77CTI/2 + W>
e —1/2 € —1/2
Ay Te Te

where the first term is the total surplus U derived in Proposition Al.
Notice that the derivative of W with respect to Ay, is

N _ -1/2 , A-Ay —~1/2 , A-Ay
L dW —AW> _U(¢(<1 nor 2+ A ) N o (e 2+ ,))

(A *
, * -1/2 Z A—A; - A-A
e A o(A—nye ' +5E)  o(nn P+ k)

Notice further that U > KdJ(Ajﬁ” ), as otherwise the total social surplus is neg-

Te

ative. Thus,

1712 dW ¢(7ﬁ‘f§) - ¢((1 — o)t V2 +Arjf‘/‘;) ) ¢<ncr;1/2 +A;\/‘2V> »

<
U dAy  o(ig) o(a-now P+ 5E)  o(nn 4+ 5k)

’
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$(— )
» D(—z

h Pt P —2E) H(A1—n)r 2 2B )
(gt P —2E) O((1—no)t. P —2E )

because the hazard function for the normal distribution

IS 1ncreas1ng in

z, which implies that bot are (weakly) greater

than 2— ZNS)) Because “; % < 0, it follows that the optimal Aj; is the corner
w
solutlon A;‘V = —o00, which implies full participation on the platform.

Suppose thatA is such that eA+2(1=n"+10%" > ¢ Then our assumption that
U > ch( — /2 ¥ ) is satisfied to justify full participation on the platform. It follows

that the planner can implement the first-best equilibrium by using a revenue-
neutral scheme of subsidizing the marginal user with transaction fees collected
from heavy users, that is, charging all users §U;, which are refunded as equal

transfers of sU/ @(‘%) back to all users. As long as the fee § is sufficiently
high to ensure §U/ GJ(A;#) > «, all users participate on the platform.

If eA+s(-n)ndr ! k, then U < « and the platform shuts down as the social
surplus is negative. |

PROOF OF PROPOSITION 2: The expected utility of user i, who chooses to join
the platform, to transacting with another user in each round is half

E[Ui |Z;, A;, matching with user j] = eI7mA R [e"”Af IIi],

which is monotonically increasing with the user’s own endowment A;. Note
that Ele"4i | Z;] is independent of A; but dependent on the strategies of the
other users. It then follows that user i will follow a cutoff strategy that is
monotonic in its own type A;. .

Suppose that every user follows a cutoff strategy with a threshold of AZ.
Then, in each round of transaction, the expected utility of user i from transact-
ing with another user on the platform is half:

: A—AF
EU, L] = e(lfnc)AﬁncAJr%n?fg ICD('? T71/2 + — ) (B.2)
Te

O
Equilibrium at t = 2:
We first examine the equilibrium at ¢ = 2. In the absence of subversion, the
owner charges a transaction fee § to complete the transactions of users. Let

2F = ﬁ(AE —A).

Note that the expected fraction of users who participate in the platform is

o0 _ AE
EU )Q(L)dé(si)m] = cb(‘%) = o(—2F).
—0 7,
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The owner’s profit at ¢t = 2 is %SU, where U is the total trade surplus across
the two periods, conditional on no subversion,

U— eA+%((1—nc>2+n3)f;1q)(ncra_yg ~2PYo((1— o V2 — 2P, (B.3)

If the owner takes the subversive action, it earns revenue y ®(—z%). Conse-
quently, the owner takes the subversive action whenever

yo(~") > 20U B.4)

and does not do so otherwise. The owner therefore subverts at ¢ = 2 whenever
the average transaction surplus among users sU/®(—z%) is sufficiently small.
This subversion condition represents an incentive constraint for the platform
owner in choosing its fees at ¢ = 1 , which, in turn, affects user participation.
This condition is eventually determined by the platform fundamental A. Ac-
cordingly, we denote the owner’s subversion policy at ¢ = 2 by s(A) € {0, 1}. As
we show below, the owner ultimately chooses subversion if the platform funda-
mental A falls below a certain level.

Optimal Fees at t = 1.

We now analyze the equilibrium at ¢+ = 1. We first examine each user’s par-
ticipation choice and the owner’s entry and transaction fee choices by taking
the value of A and the owner’s subversion policy s as given.

Each user receives two rounds of transaction surplus, after the variable fee §,
if there is no subversion at # = 2 and only one round of transaction surplus, and
—v, otherwise. Given the expression for E[U; 1 + U, 5 | ;,A; = A¥] from (B.2),
the participation constraint for the marginal user with the cutoff endowment
AF is

(1 _ %S)(l _ 8)e(lfnc)rgl/ZZEJrAJr%n?r;lq)(ncrgfl/Q _ ZE) =Kk +ys+ec (B.5)
The left-hand side is hump-shaped in z¥, while the right-hand side has a fixed
level at ¥ + ¢ or x + y + c. The right-hand side is positive since ¢ > —ak. This
equation has zero or two solutions. When it has two solutions, one is a high
cutoff and the other is low. Since user participation and platform revenue are
always higher in the low-cutoff equilibrium, the platform owner will always
coordinate users on the low-cutoff equilibrium.

Applying the implicit function theorem then gives

3z 1
B9A T 172 <0, (B.6)
“ (1—no)r %~ 4 Gl
c)le ¢<ncfs 1/2_ZE)
32F 1 1
% - 1-6 ¢(17L-T§1/272E) >0, (B.7)

~1/2
(1 - nc)fs - q><nar:1/2721;)
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9z 1
g (1-3Is)a- 8)e‘l—"ﬂf?mZE*A*%”3’?1<I>(ncrg‘1/2 - ZE)
1

- > 0.
(1= nye b2 _ 2 ")
e )e ¢(npr§1/2—2E)

The denominator of (B.6) is positive because it is on the left side of the hump.
It then follows that

02" /95 1 - .
aZEﬁac <1 _ §s>e(1”“)7s V2B LAy Lyle 143(17&';1/2 _ zE)

1 R
(1 - —s)E[Ui | T, Ay = AE]. (B.8)

2

We now consider the owner’s objective at ¢ = 1 in choosing its optimal fees:
(8,¢) e argsupV,
{d,c}
where its total profit is
1 1
V= §8U + cCID(—zE) + max {ESU’ yCD(—zE)}.

The first-order condition for § is

1 _E E
v _ (1—13>U+[1 aU _c¢(_2E)+8max{28U,y<D( z )}]3120_

85—
R 2 2 9zZE
The first-order condition for c is

1 _E E
v _¢(_2E)+[163U - ¢(_ZE)+8max{28U,yCI>( z )}:|8z

dc 2" 92E 0zE ac
N _(1-1s)U
ST
_ () u (B.9)

E[Ui | T;, A, =AE]’

where we have substituted (B.8) in the last step. Note that the utility of the
marginal user E[U; | Z;, A; = AF] is lower than that of the average user. Thus,

1%

— < CD(—ZE) —-1<0.

dc

The owner is constrained in its choice of ¢ and has to choose the lower bound

atc = —a«k.
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Given this optimal ¢, equation (B.5) reduces to
(1—s/2)(1— 5)e(l—nc)r{l/zzE+A+%an;1¢(nc_[€—1/2 —ZE) —(1—ak+ys, (B.10)

which identifies AZ, the smaller root of equation (B.10) when it exists. Compar-
ing the two cases when s = 0 and s = 1 for a given level of A and §, the effective
cost to users of joining the platform is higher, leading to a higher participa-
tion threshold zZ. Consequently, the owner must charge a smaller § to attract
the same participation when subversion is anticipated. Notice from (B.5) that
8 < 1, since the right-hand side is always nonnegative; users would never pay
a cost for zero or negative benefit.

The first-order condition for § when there is no subversion, given our expres-
sion for % and ¢ = —ak, becomes

6% + akp(—2F)

1-8U + - =0, (B.11)
Ly )
e <1>(ncr§1/2—zE>
and, substituting for %Y we arrive at
0z
¢ '701':1/2sz ang(—2~
(1= neye V2 — ¢<< i ) axolt)
NeTe z )
s = (B.12)

N ) (S d)
(1 —ne)te m

When there is subversion, s = 1, then instead

o(ne =)y —anpp(—2F)
GD(nET{I/Z—zE) U

o((1-noye 2 —2")
((1-neye 17 —2F)

1- 770)77;1/2 -

5— (B.13)

1 —no)w '+

Since y > ak, by comparing the third term in the numerators of both expres-
sions, it is straightforward to see that § is higher when there is no subversion
for the same A and 2%.

In the next two subsections, we characterize the regions of the platform fun-
damental A in which there is subversion and there is no subversion under the
optimal fees. We also consider the possibility of the owner choosing a high fee
level § at ¢t = 1 as a strategy to force no subversion at ¢t = 2.

The No-Subversion Equilibrium att =1

We now analyze the equilibrium at ¢ = 1 when the owner chooses no sub-
version s = 0 at ¢ = 2. To avoid confusion, let zﬁs be the equilibrium without
subversion and ng be the equilibrium with subversion. We now characterize
the domain of A for which a no-subversion equilibrium exists.
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Substituting for § in (B.12), when there is no subversion, the condition for
2k ¢ in (B.10) becomes

i ) R i) #(zks)

7 -
o((-nom P—zkg)  o(ner V2 -2E) i

— 1,2.-1 —
e(l ne)te ' 2yg A+ NcT; ¢(7)Ct£ 1/2 _ng)

_ o(—nom " —2k)

1— » 1/2 _ NS

( e )Te + 4([)((1—:75)1':1/1—253)
=(1-a. (B.14)

The left-hand side of (B.14) is hump-shaped in z]}f,s. To see this, first note
that as z§4 — —oo, the left-hand side goes to zero. As z§y — oo, since

e(non Pt Ad i (712 —2z84) — 0, then by L'Hospital’s rule and the
Sandwich theorem, the left-hand side tends to

: (1—n)e el +A+in2e 1 -1/2 _ JE
LHS—>ZE11TOO2e )T Ens AT T (T, / —2ys)
NS
N ~1/2 ~1/2 ~1/2
(1= oz (1= nor 7 = 28) + (A = noe 7 — 2l

= lim - ak((L—no)r, * — Zﬁs)
s~ (1— nc)rg_1/2<1>((1 — o) P - zgs) + ¢((1 —no)w P - Zf,S)

(1—ne )T5_1/2 - Zﬁs

= lim ok
ZzE —00 2E
NS NS

= —0UK.

As such, the left-hand side of (B.14) has finite limits in both tails. We next note
that the optimal é is a (weakly) decreasing function of 2§, -%- <0, since the
marginal user has a lower endowment, so that 1 — § is (weakly) increasing in
zﬁs. Consequently, as a product of a hump-shaped U and (weakly) increasing
function 1 — 4, the left-hand side is hump-shaped in zﬁs. In addition, since
8 > 0, it follows that the left-hand side also has a finite upper bound. As such,
there are either two solutions or zero solution to (B.14). When there are two
solutions, the platform owner will always choose the low-cutoff solution as it
maximizes his revenue.

Notice that increasing A raises the entire curve on the left-hand side of (B.14)
since % has no direct dependence on A. Since, in the low-cutoff equilibrium, an
upward shift in the left-hand side curve reduces the value of zﬁs that intersects
(1 — s)k, we have

E
dzyg

aa =0
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in the low-cutoff equilibrium, where dzj dNS is the total derivative of zf,s with
respect to A.

Next, when the owner decides whether to subvert, the decision is determined
by whether 15U is greater or less than y ®(—z%4(A)). Notice that

d ., sU
dA 8\ o(—2Ey)

_1.deU) N ¢ (—2kg) dzlig
T 8U dA  @(-2E) dA

ZNs
_1ds +1- (17 1% — 2%5) + ¢((A —no)r, ? — 2Ks) _ ¢(—2xs) | deks
5 dA @(UCTQI/Z — zﬁs) d><(1 — )T - zﬁs) q’(_zfrs) dA ’

where dzfs is again the total derivative of zNS with respect to A. Because

dA
the hazard function for the normal distribution, g;((_z)),

cle 12 1_ c 8_1/2_ 2
implies that both d)(" T_l/z ngs)) and Z(((a - );_1/2 ?,ZS)) are (weakly) greater than
—Ne)Te —2Ns

Z((_ZNS ) Recalling thatdzNS < 0, this observation implies that

is increasing in z, this

d, (_ U L, 1dd
— | > ——.
dA ®\ (L) 5 dA
Since

1d5_aa+1 38 0zhg
SdA  0A 532k 0A

oK —2E
— £t zia) 1 95 02l

+ = ,
o(nr P oeks) | ano(ey) 8 dzys A
<I>(ncr§1/2—2fvs) u

1- nc)f_l/z

we have that

-1/2 E
L e S )
ilo sU N ( Uc)fg <I>(ncf51/2—253) 1 38 3255
da "\ o (=) ol ) ey | 8 025 0A
‘I’(Vlcffl/zfzfls) U

1- Ne )75:71/2

1 95 o2
” 5020, 0A
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“12 _ $er PR
d(pers P2B) —

above, );’3 < 0. Since, in addition dzi dg’s < 0, it follows that 95 P2 > 0. There-
92NS N

. A
d sU
log| ———— )] > 0,
dA < P(- ZI%S))

i —5U >0
dA\ &(—2L,) '

sU
D(—2E)

is increasing in A, it follows that there exists a

since (1 — n.)z; > 0 in the low-cutoff equilibrium. As argued

fore,

which implies

Because there is no subversion when > 2y and subversion when

sU : sU
STy < 2y, and since B2l

critical level A* such that a no-subversion equilibrium exists if A > AZ, where
the unique threshold A% is defined by

SANUAY) _, (B.15)
®(—2s(AF))
This threshold represents the lowest A for which the owner maximizes his total
revenue without subversion.

The Subversion Equilibrium att = 1

We now analyze the equilibrium at ¢ = 1 when the owner chooses subversion
s = 1 at¢ = 2. In this case, the condition for ng from (B.10) becomes

o(A—now =25,
(]

100y | eaoo(-cky)
((17WC)T;1/272§V) 29 U

/2__E
(rer "~y p(lmneye 2B, +A+Ln2e !
o((—noe 28, )
o((1-nom 225, )

@(nc _l/z—zgv) =A—-ax+y, (B.16)

(I

(1 — e 7:5_1/2 +

where the % arises since all # = 2 transaction surplus is destroyed by the sub-
version. Similar to (B.14), as zf,s — —00, the left-hand side tends to zero, while
as z]lf,s — 00, the left-hand side tends to y — ax. As such, the left-hand side is
initially increasing in zgv. This equation may have multiple solutions. As be-
fore, when this happens, the owner will choose the lowest cutoff, as it gives
the highest user participation and revenue. Also similar to (B.14), an increase
in A raises the left-hand side curve, which reduces the equilibrium ng in the
lowest cutoff equilibrium. Consequently,

E
dzyg

aa =0
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which again is the total derivative of z§,; with respect to A. In addition, since

E

an increase in z¢ reduces the endowment of the marginal agent, it follows

that ;"g <0.

We next establish the monotonicity of

E 5 in A when § > 0. By similar

arguments to the no-subversion equ1hbr1um

d ., sU
dA g P (- Z%s)

1ds p(ner, 1?2 —2E))

LA —nn P -2y)  #(-zhy) | dais

=14+-— —
s dA <I><ncr§1/2 _ ng>
1ds
14 ===
tSdA”
Since
1ds 98 1 98 9z,
SdA ~ 9A 8 0z, 0A

o(A-noi 2 —25,) (=) ) dA

it follows that

2(y—ozk)¢(—zE ) E
_ —_— 1 98 0dzgy
1=z 20 ) ayeon(aly) 8 d2sy 94
(ner 1?25, ) v
d . < sU )
dA ®(—zgy)
¢(7]cfe )
1—n)c V2 —
( nC) € (ncfs ) 1 88 8Z§V
¢(ncfe’1/zfz§‘,) 8 025, 0A

_ 2o (25,)
U

112 _
( e )Tg q>(’7(77571/2 722‘,)

198 day
7 502E, 0A

dz%

As argued above, -2 a_E < 0. Since 4 < 0, it follows that 832 ag% > 0. Therefore,

i sU
dA \ d(—2E

))>0.

Zsv
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Consequently, there exists a critical AE, such that subversion occurs for A <
AE  where AE satisfies

8U(AE)
®(~z5y (A%))

Suppose now that for a given level of A, both a subversion and a no-
subversion equilibrium exist, that is, solutions to both (B.14) and (B.16) exist.
In the equilibrium without subversion,

la(zgs)U(ng) -
2 o(—zys)
while in the equilibrium with subversion,

105U,
T2 D(-zg)

=2y.

s

3

which implies that

8(z3s)U (2hs) - 8(zgv)U (&)
O(-zks) (=)
Since % is monotonically decreasing in z, it follows that zﬁs < zgjv, and

user participation is higher in the equilibrium without subversion. It then fol-
lows that

1
5(Z§S)U(Zz€fs) - cD(—Zﬁs)"”‘ > 55(Z§S)U(ZNS) + ‘D( ZNS)V ‘D(—ng)“"
1
= ES(ZEV)U(ZEV) + @(—2gy ) (y — ax).

As such, when both equilibria exist, the no-subversion equilibrium generates
a higher profit for the owner. The owner will therefore choose not to subvert
even when subverting is a sustainable action. Consequently, the cutoff A” is
the relevant cutoff for separating the equilibria with and without subversion.

Next, note that the left-hand side of (B.16), which we define as LH S(ZEV),
is hump-shaped in zgv. It therefore achieves its maximum at an interior point
Z(A) = sup, LHS(z). As this peak is increasing in A, it follows that there exists
a critical AZ, such that

LHS(E(AL)) =1 —a) +y. (B.17)

Thus, an equilibrium with subversion exists when A > AZ and does not ex-
ist otherwise.
One may be concerned that the region [AZ , AF] may be an empty set for a

certain value of y. Suppose that this is the case, that is, suppose that as A
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decreases from oo to zero, the equilibrium shifts from a no-subversion equilib-
rium to no equilibrium at AZ. Given the owner is willing to subsidize partici-
pation as long as there is a positive profit, it must be the case that

V(AF) = 8U — ax®(—2kg) = 0,

which implies U = ax CD(—ZZE\}S). Because y > ak, we have

%SU = %ax@(—zﬁs) < yCID(—zf,S).
It follows that the owner is better off by taking the subversive action in this
case. Thus, a subversion equilibrium exists and hence the region [AZ , AF] can-
not be empty.

Forcing Equilibrium att =1

One may argue that the owner may internalize his lack of commitment by
treating the subversion condition as an incentive constraint, that is, the owner
can avoid subverting the platform by imposing a constraint to prevent the sub-
version condition in (B.4) from being satisfied at ¢t = 2 . We now examine this
possibility by constraining the owner’s choice of § at £ = 1 such that Mafih‘) > 2y
(i.e., the owner will not choose subversion at ¢ = 2). This condition imposes a
lower bound on §: § > § = o)

Suppose that when this constraint is not imposed, there is a subversion
equilibrium with the transaction fee §gy and participation cutoff zgv, and that
when this constraint is imposed, there is a different forcing equilibrium with
transaction fee § and participation cutoff Z?orcm - 1t is important to note that
§ is always in the owner’s choice set. As such, it must give the owner a lower
profit than 8gyy. That is, V (8, Z?orcing) < V(8sv.z5,), which implies that the forc-
ing equilibrium is dominated by the subversion equilibrium if both exist and
are different.

Furthermore, if a forcing equilibrium with § exists and if no subversion equi-
librium exists, then the owner would choose § even without the constraint.
Taken together, there is no need to separately consider the forcing equilibrium.

Equilibrium Uniqueness

As we discuss at the beginning of this proof, it is optimal for each user to
adopt a cutoff strategy because his expected utility from joining the platform
is monotonically increasing with the endowment of his own good. The unique-
ness of the equilibrium follows directly from the platform owner’s choice of the
lowest cutoff and thus highest profit equilibrium, if there are multiple equilib-
ria that are feasible.

PROOF OF PROPOSITION 4: We first examine the decision of a user to purchase
the token. The expected utility of user i, who chooses to join the platform at
t = 1 and to transact with another user at¢ = 1 and ¢t = 2, is

1
E[Ui,t |Z;, A;, matching with user j] = Ee(l”’“)AlE [e”CAf |L],
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which is monotonically increasing with the user’s own endowment A;. Note
that E[e"4/ | Z;] is independent of A; but dependent on the strategies of the
other users. It then follows that user i will adopt a cutoff strategy that is
monotonic in his own type A;. .

Suppose that every user uses a cutoff strategy with a threshold of A”. Then,
the expected utility of useri at¢ € {1, 2} is

1 _ R
E[Ui|Z] = et bt ‘o (ner, V2 - (AT - 4)).
Since each user’s endowment is the same in both periods, each user receives

E[U;|71 = E[U; 1 + U; 2|7] in total. O

If a potential user does not join the platform, he saves the participation and
token costs, k¥ + P. Consequently, we require that users’ expected utility from
joining the platform at ¢ = 1 exceeds « + P. Consider a user with the critical
endowment A; = AT His indifference condition to joining the platform is

E[Ui_l Ui olT, A =AT] _ e(lfnc)rfl/zzuAJr%nfrglq)(ncrgfl/z —ZT) —k+P

R (B.18)
where 2T = /T.(AT — A).
Note, that by the implicit function theorem, we have
T
1
ai = > 0’

_ o (newe P2 ~1/2 19 _
<(1 —neyre P — w eL-noms 2T HATynl, 1d>(ncrs 2 _ zT)

NeTe

since the denominator is positive in the low-cutoff equilibrium. As before, we
assume that if there are two solutions for z”, the developer will coordinate
users on the low-cutoff (high-price) equilibrium, as opposed to the high-cutoff
(low-price) equilibrium, since both user participation and developer profit are
higher in this equilibrium. .

For any other user whose endowment satisfies A; > AT, notice that

(1—n)Ai+n.A+ 221 -1/2 A _AT
E[Ui1 + UiolZ, | = et medtans g g V2 + — 7
Te

AT

1231 1,2 -1 A-A

s e-ner PAT tneA+ il <I>(77cr51/2+ 172 )
T

&

=« +P

and consequently, it is optimal for users to follow a cutoff strategy in which
users with A; > A” join and users with A; < A” do not,.

Since A; = A + ¢;, it follows that a fraction &(—,/7, (AT — A)) of the users en-
ter the platform, and a fraction (/7 (AT — A)) choose not to participate. It is
the integral over the idiosyncratic endowment of users ¢; that determines the
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fraction of potential users on the platform. The developer consequently maxi-
mizes

n’” = po(-2"),

which is the revenue from the sale of tokens, or more specifically, the price P
multiplied by the quantity ®(—z7). The first-order condition with respect to
the price, P, is

T(_:
q)(—ZT)—P(ﬁ(—ZT)aZ {—01fP>0

B3P |<0ifP =o0.

Substituting with Lzl

57> an interior solution for the token price, when it exists,
is given by

(—2z7)
¢(—2")

'd>(nctg_1/2 — zT) > 0.

-1/2 _ T )
¢(770r5 Z ) e(l—nc)r{l/zzT-‘rA-‘r1 2771

P = SNeT;
<I>(ncr£1/2 —ZT)

1- nc)fg_1/2 -

Notice that the hazard rate ¢(—z7)/®(—27) is increasing in z”. As such, P de-
creases from oo to zero, at which point the nonnegativity constraint imposes a
critical 27 such that

$(ner 12 — 5T)
<I><ncrs_1/2 ~ Z‘T)
above which the token price is fixed at a corner solution of zero. This corner

corresponds to the peak of the hump of el *s +A+ 4w @y 7712 — 2T,
Equating the two representations for P, we arrive at

= (1—n)z, 2,

&

1- ®(—=") (L—noyr, % - ¢(ner 1 —2") emneye 2l vAt fae?
o ()
(e, 2 =) = k. 519

which identifies z7 < 7. The left-hand side of (B.19) is increasing from —oo to
2T with a peak at 27, while the right-hand side is fixed at «. Suppose that

o\ l2er 1.2 -1 _ _
e1=ne)te 2T +A+ g0l CD(Uch 1/2 _ZT) > K.

Then, there exists a cutoff equilibrium with the cutoff given by (B.19). If in-
stead
gm0 1/25T+A1+%'73751¢(Ucrg_1/2 _ ET) <k,

then the left-hand side of (B.19) never intersects the right-hand side, and con-
sequently, there is no equilibrium.
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Note that the left-hand side of (B.19) is monotonically increasing in the plat-
form fundamental A. As such, there exists a critical A7, such that

e<1*'7c>ffl/2Z'T(A*T*)+Af*+%'7?n’1q,(ncfgflﬂ _5T (A*T*)) . (B.20)
There exists an equilibrium with a nonnegative profit for the developer if A >
AT and no such equilibrium otherwise.

PROOF OF PROPOSITION 6: We first consider the revenue ranking across the
equity and utility token-based schemes given the platform fundamental A. Re-
call that when there is no subversion, from Proposition 5, developer profit is
higher under the equity-based scheme, IT¥(A) > M7 (A). From Proposition 5,
subversion occurs for A < AZ where AZ is given by (31). Therefore, if A > AZ,
the developer’s profit is higher on the equity platform.

Suppose that A < AZ, so that there is subversion on the platform. If the
degree of data abuse, that is, y, is sufficiently high, then from Proposition 5,
there exists an Ar(y) such that I7(A) > ITI¥(A) for A < Ap(y), and IT¥(A) >
M7 (A) otherwise (this is just the dual to the statement that for a given A,
there exists is a y(A) such that the statement holds).

In addition, from Proposition 5, user participation is (weakly) higher under
the token-based scheme for A < Ar(y). This implies that the critical A below
which the platform breaks down is also lower under the token-based platform.
Consequently, for A > Ar(y), the developer’s profit is higher under the equity-
based scheme compared to the token-based scheme, and is lower otherwise.

Consider now the prior belief of the developer over A. The difference in ex-
pected profit of the platform under both arrangements is

E[n” —nf] = E[(]‘[T _ HE)I{AzAT(w}] —i-E[(nT — nE)l{A<AT(y)}],
from which follows that

E[NT —n*] = Pr(A > Ar(y)E[0T — TF|A > Ar(y)]
+Pr(A <Ar(y)E[0T - A < Ar(y)],

where E[I7 —TI|A > Ar(y)l <0, since E[IIT —TI|A <Ap(y)] > 0. Conse-
quently, the first term is negative, while the second is positive.

We next recognize that Ar(y), and consequently, the probability Pr(A <
Ar(y)) is increasing in y, because the more severe the temptation is to sub-
vert the platform, the more difficult it is to operate without exploiting user
data at ¢ = 2. In addition, from Proposition 5, the owner’s profit, conditional on
subversion, is decreasing in y.

Therefore, if the prior belief, G(A), puts sufficient weight on low-A realiza-
tions, for which Pr(A < Ar(y)) is sufficiently large, then E[I17] > E[IT®]. In
contrast, if it puts sufficient weight on high-A realizations, for which Pr(A <
Ar(y))is sufficiently small, then E[I17] < E[IT7]. Furthermore, the set of mea-
sures for which E[I17] > E[I1¥] is (weakly) increasing in y.
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Consequently, for two prior distributions, G(A) and G(A4), if G > G (in a first-
order stochastic dominance sense), then if the developer adopts the token-
based scheme under G, it will also adopt under G. Furthermore, the set of
priors for which the developer will choose the token-based scheme is (weakly)
increasing in y.

In the special case of a normal prior with mean A and fixed precision 14,
it follows from standard arguments that the developer’s expected profit from
the platform is a function of only A and 14, and is increasing in A. Given our
partition of the state space of A with Ar(y), there exists a prior mean, A,
such that the developer chooses the equity-based scheme if A > A¢(y) and the
token-based scheme otherwise. O

PROOF OF PROPOSITION 7: We first conjecture that the token holders never
subvert the platform. We then confirm this conjecture at the end of the
proof. d

The No-Subversion Equilibrium

Let us conjecture that users follow a cutoff strategy to join the platform at
t = 1ifA; > Agr, and that users will vote by majority for 100% transaction fees
at t = 2. Analogous to (B.18), the indifference condition for the marginal user
to join the platform at ¢ = 1 takes the form

srU

1= p)eltmem AT (12 BTy ey po T
( T) (nc ) N+ CD(—ZET)

&

(B.21)

where 277 = /7.(AET — A) and U is the total transaction surplus given in (B.3).
We note from (B.3) that this total transaction surplus, U, is monotonically in-
creasing in user participation (i.e., a lower AZT or 2&7T),

We define

=P-3$ v
PET = TN n d)(—zET) )
which is the effective cost for a user to join the platform by paying the token
price and then receiving the dividend payout. We can then rewrite (B.21) as

(1 _ 8T)e(1—1)C)1—;1/22ET+A+%7731;1cD(nCTs—l/2 _ ZET) =« + pgr, (B.22)
and the objective of the developer in (9) as

M*" = max_ prr®(—2"") + 87U — xN, (B.23)
ér,pET.N
subject to the indifference condition (B.22) of the marginal user.

From (B.23), it is apparent that the size of the developer’s stake is irrelevant
for the fraction of transaction fees the developer receives because it always
recovers all transaction fees through the token price, P . As such, keeping a
stake of N only incurs a proportional cost xN, which is minimized at N =
0. The developer will therefore choose to hold zero tokens or no stake in the
platform.
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Notice now that (B.23) is essentially the same problem as that faced by the
developer on the equity platform, (4), in the case of no subversion and with
per analogous to ¢. From analogous calculations to those underlying (B.9), the
optimal choice of pgry is the maximum possible subsidy, that is, pgr = —«, in
which case all users join and 287 = —co and U = eA+3(1-n"+1) " | If all users
participate, then it is trivial to see from (B.23) that the optimal transaction fee
is 7 = 1, or 100% transaction fees.

With the equity platform, the subsidy ¢ could not be lower than —ax be-
cause of opportunistic individuals. Here, because the actual price users pay
when they all participate when 67 = 1is P = eAt2(=nP+27 " 4 5o the devel-
oper can choose prr = —«, provided that P = eAT2(1-n 007" _ > 0, or A >
logk — 2((1 — 5o)? + 9?71 if, in contrast, P < 0, then the developer’s profit,
[MET = P, is negative, in which case the developer would not operate the plat-
form. Choosing a zero stake, N = 0, also maximizes the value of dividends in
the token price P, which helps facilitate subsidizing the platform through a
token price discount.

Consequently, ifA > APB = logx — 1((1 — 5.)? + #?)r!, then the optimal pol-
icy of the developer is to take a zero stake, N = 0, charge 100% transaction
fees, and set a token price equal to the total social surplus of the platform,
P = eAt3(-n*+m)e ! _ i Users therefore follow a cutoff strategy at ¢ = 1 as
conjectured, albeit a trivial one in which all users participate (i.e., A; > —00).

We now return to our assumption that users vote by majority for 100%
transaction fees at ¢ = 2. It is straightforward to see that users at ¢ = 2 will
also follow a cutoff policy in voting for transaction fees. Those with relatively
high endowments, A;, will not want their endowment taxed érU, 2(4;) to re-
ceive a smaller dividend, 87 [, AOZT Ui 20(/Tc(A —A;))di, and consequently vote
for zero transaction fees. In contrast, those with low endowments would vote
for the net subsidy that the dividend provides. Consequently, those whose en-
dowment is such that A; > AET will vote for zero transaction fees, while those
with A; < A%;T will vote for a transaction fee such that the marginal user is
indifferent, or

2 Uiz (Ve (A - A))di
N+ @(ﬁ(A _AET>>

from which it follows that, substituting with (B.2), (B.3), and N = 0,

Ui.2<A}gT> =7 +(1-9r )Ui,2<A};T),

exp <(1 - ’Ic)AflzT) = E[GXP (1 = no)A;)

A; > Agp ] (B.24)

which uniquely determines the voting cutoff A%:T It is then trivial to see that
the bloc that votes for transaction fees will vote to maintain 100% transac-
tion fees, or §7 = 1. By Jensen’s inequality, (B.24) implies that AL, > E[A;]A; >
Agrl, and consequently, the vote for maintaining 100% transaction fees always
passes by majority.

B5UD 1T SUOWILLOD AR 3|qedl|dde au Aq peusenob ake sapie YO ‘@SN Jo Sajnl oy Ariqi auluQ A3|IAA UO (SUO N IPUOD-PUR-SWLIBIOD A3 | 1M Aeid 1 pul|uo//:Sd1y) SuonIpuoD pue swie | Y1 89S *[£202/TOAT] uo Aiqiauljuo A8|1M ‘npeuoipound Akiq @) equew-<yre 0qaqIus> Aq Z6TET  JOI/TTTT 0T/I0p/wod A3 | Im Aelq 1 puluo//sdny woly pepeojumoq ‘T ‘€202 ‘T92907ST



Decentralization through Tokenization 293

If instead A < AT, then the developer cannot achieve the first-best equilib-
rium and not all users participate. Notice that when A = AFB| the developer
earns zero profit, that is, [T¥7 = P = 0. By the envelope theorem, given the
profit on the platform is increasing in the platform fundamental, A, it follows
that the developer’s profit is (weakly) negative when A < A" and the devel-
oper should shut the platform down.

Taken together, when the developer operates the platform, it achieves the
first-best equilibrium and extracts the full social surplus, and consequently,
obtains the maximum revenue, from the platform.

The Subversion Equilibrium

We now return to the issue of subversion by the controlling individual or
group att = 2. We first consider the case in which the developer does not retain
a block of tokens and instead users own all of the tokens. It is easy to see
that in this case, none of the users would vote to take the subversive action
because the action hurts every user by y and cannot generate a higher payoff
to compensate the user.

We next consider the case in which the developer retains a block of tokens.
It is clear that all users will vote against subverting the platform because they
lose not only half their dividend from transaction fees but also the per-user
cost of subversion, y. As such, the developer must have at least a 50% stake to
successfully subvert the platform.

Notice that the developer will subvert the platform at ¢t = 2 if it has a stake
of at least 50% and if the dividend per token is higher with subversion than
from transaction fees,

y®(—2ET) . VU
N+ &(—2EL) = N + o(—2EF)’

where 25T = /7. (AE I _ A) is the normalized cutoff with subversion, which re-
duces to whether y is larger than the average transaction fee

VU
y >
CI)( SV)

Analogous to (B.21), the marginal user’s indifference condition with rational
expectations, in anticipation of the subversion at ¢t = 2, is given by

1 —1/2,ET 1,2 -1 _ U—i—yd)( 2E )
s\ a-non A+ 1n2e; 12 _ BT\ _ SV 2 sv
(]_ 87 )28 Zsv 2 (I)(ncrg Zgy ) k+y+P— Sy N+<D( ZSV)
(B.25)

where the key differences are the cost to each user from subversion y and the
modified dividend, which is the revenue from subversion at ¢t = 2. We define

LU + yo(—2FT)
SV _ p 55V 2
DPET ty—or N + o(—2ET)
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We can rewrite (B.25) as
1
(1 6f) getmmm A o e 12— 2E) = i + i (B.26)
and hence, the objective of the developer (9) when there is subversion is

1
NEL = max pPr@(—2EL) + 63V U — xN, (B.27)
o, pop N 2

subject to the indifference condition of the marginal user, (B.26).

Comparing (B.26) to (B.22), it is clear that users require more subsidization
(lower fixed fee p% than pgr ) and a lower transaction fee (lower 8?" than
37) to achieve the same level of participation because users receive only half
of their transaction benefit when there is subversion. In addition, the devel-
oper’s profit (B.27) is strictly lower than (B.23) for the fixed fee (p37 = prr)
and transaction fee (85?" = §7). This is because users require a discount to the
token price that completely offsets the revenue extracted from subversion. As
such, the developer earns less revenue for a given level of participation in the
presence of subversion and would prefer not to subvert. It can commit to this
by retaining a stake N smaller than 50% of outstanding tokens. As the optimal
stake without subversion is zero, the developer will choose N = 0 to precommit
to not subverting the platform at ¢ = 2.

PROOF OF PROPOSITION 8: The Developer

We again assume that users follow a cutoff participation strategy and that
the cutoff endowment of the marginal investor is A‘IET. The developer takes
the optimal policies of the investor as given while internalizing the indiffer-
ence condition for the marginal investor’s participation, which is the analog of
(B.18):

%STU + %(1 —s1)é7U + SI)/CD(—Z?'T)

P =
n+N + o(—2FT)

—k —Ss1y

+(1— (ST)<1 _ 2) JREEUALE /zsz+A+%n§r;1q)(n 1_1/2 Z}ET)’ (B.28)

where the last term is the marginal user’s transaction benefit. This equa-

tion implies a mapping between the token price and the marginal user z57.

We define

—5TU+(1 —871)5 5TU+SI)/(D(—ZI ) ET
+ — 81y, (B.29)
n+N+ o(—2F7) pr sy

P

where pf7 is a residual component unrelated to the token cash flow. As the
developer sets the token price, one may interpret p¥7 as the markup charged
by the developer. Equation (B.28) then implies that pf T is the marginal user’s
transaction benefit net of the participation cost,

T _ 1- ST)<1 2) (1 noyeo V2 2ET +A+In2e, CID( —1/2 _ZJI'«JT) — . (B.30)
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Thus, the objective of the developer reduces to

1 1
N7 = max pi’(n+ ®(-zgy)) +or5 gU + (A —sn)érgU —siyn — xN,

S7.N, p
(B.31)
taking n and s; as given. In particular, n is given by (B.30). Recall from the
proof of Proposition 7 that the developer’s revenue is strictly lower when there
is subversion, that is, s; = 1. By similar arguments to those in that proof, the
developer retains a zero stake, N = 0, to avoid the proportional cost, xN, and
to precommit not to subvert the platform itself.
Similar to the proof of Proposition 4, we can apply the implicit function the-
orem to (B.30) to find that

d2ET _ (

dBT 1- SEI)E[UﬂhAi =AJIET]dp,}ET7

where E[U|Z;,A; = A?T] is the total transaction surplus of the marginal user,
and express the first-order condition for the optimal choice of p’IE r

n U/o(—2F7) .
e+ 1 <0, (= if P> —ax) (B.32)
P (—2ET) E[UIIi,Ai :AJIET]
and of 87 as
sy Y ET oS Ll _
(1 _ 5)[] ((1 — ) d ET — P7 ¢(_21 ) d8T =0. (B.33)

Without the investor (i.e., n = 0), because U/®(—2FT) > E[U|Z;, A; = AET], the
developer would choose the maximum subsidy and, as in Proposition 7, the
developer would achieve the first-best outcome. The presence of the investor
even without subversion, however, precludes the first-best subsidy because the
developer does not want to subsidize the investor (a less negative p??), and

this reduces user participation. In addition, because p‘IET is less negative and

ET
djg’T > 0, from (B.33), it also lowers the optimal transaction fee, §7. Because

of the lower 87 and user participation and a positive n, the average platform
dividend 87U /(n + ®(—2FT)) is also lower. As a result, the developer’s revenue,
the token price from (B.29), and user participation are all lower in the pres-
ence of the investor. Given subversion further reduces developer revenue and
user participation, these issues are exacerbated when the investor subverts
the platform. O

The Investor

The investor takes the token price, which the developer sets, as given. Work-
ing backward, if n > ®(—z; ET) the investor has a large enough stake to subvert
the platform at ¢ = 2 and will do so if the dividend per token under subversion
is higher than with transaction fees, or s; = 1 when y ®(—z; ETy 18TU
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We now consider the optimal stake of the investor, n, at ¢ = 1. From the first-
order condition of (10) for n when N = 0, the investor’s optimal stake is

—1, (= ifn>0), (B.34)

n - \/%STU-I—(1—81)%3TU+81)/(D(—ZIET)
o(—z7") Po(—z;")

where 2PT = /7.(AFT — A) and U is the total transaction surplus given in (B.3).
Suppose that n = 0. Then substituting with (B.29) and (B.34) becomes

_ET
n - 1+31V Dy

Given s;y > 0 and the optimal p}ET is negative from (B.32) when n = 0, it fol-

lows that /1 + % > 1 and n > 0. Consequently, it must be the case that
n > 0.

It follows that the optimal policy of the investor is unique and, because the
investor’s program is concave in n, the investor earns a positive profit from
buying tokens.

Subversion

Suppose that there is subversion by the investor. This requires that n >
®(—2ET) and y d(—2ET) > 187U, so that s; = 1. Then from (B.34), this imposes

1 87U

P __--
~ 8o(=fT)

14
= B.
+ R (B.35)

and substituting in (B.35) with our functional form for P, this implies

%‘STU +y® (_Z?T) ET

n - orU Y
n+o(—2f) P TV

1
8o(2fT) 4

which, because n > ®(—zF7), is satisfied if

3 1 &oU
BT 2, 2 B.36
Substituting p¥” with (B.30) and the definition of E[U|Z;, A; = A}ET] into (B.36),
we arrive at the sufficient condition
1 &pU

(1— 8T)E[U|Ii,Ai =A?T] 23 it

By the envelope theorem, average transaction fees QD(‘ST—;T) are increasing in
I

the platform fundamental, A , from which it follows that y ®(—2£7) > 16,U is
satisfied when A is sufficiently low. Similarly, the left-hand side of (B.37) is
increasing in A, while the right-hand side is decreasing in A. The condition is
therefore slackened when A is low.
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It follows that subversion occurs when the platform fundamental, A, is suf-
ficiently weak.
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