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Abstract
Many types of cryptocurrencies, which predominantly utilize blockchain technology,
have emerged worldwide. Several issuers plan to circulate their original cryptocurrencies for monetary use. This study investigates whether issuers can stimulate cryptocurrencies to attain a monetary function. We use a multi-agent model, referred to as the
Yasutomi model, which simulates the emergence of money. We analyze two scenarios
that may result from the actions taken by the issuer. These scenarios focus on increases
in the number of stores that accept cryptocurrency payments and situations whereby
the cryptocurrency issuer designs the cryptocurrency to be attractive to people and
conducts an airdrop. We find that a cryptocurrency can attain a monetary function in
two cases. One such case occurs when 20% of all agents accept the cryptocurrency for
payment and 50% of the agents are aware of this fact. The second case occurs when
the issuer continuously airdrops a cryptocurrency to a specific person while maintaining the total volume of the cryptocurrency within a range that prevents it from losing
its attractiveness.
Keywords: Cryptocurrency, Blockchain, Social acceptance of cryptocurrency,
Emergence of currency

Introduction
The first cryptocurrency was Bitcoin, and it was invented as a payment method that
did not involve a third party (Nakamoto 2008). An increasing number of stores are now
accepting payments in the form of cryptocurrencies; thus, there are more opportunities
for consumers to make payments using cryptocurrencies. Currently, 60% of Worldpay’s
merchants are interested in accepting cryptocurrency as a form of payment (Crypto.
com 2022). It has been noted that Bitcoin is a close substitute for cash in the shadow
economy (Marmora 2021).
The development of blockchain technology has enabled us to issue original cryptocurrencies, which are also called tokens. The ERC-20 token standard, which is based on
Ethereum, is a prime example of this phenomenon, as it enables us to issue original cryptocurrencies by writing ERC-20-compatible codes and deploying them to the Ethereum
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main-net. Notably, the number of cryptocurrencies continues to grow, with more than
18,000 cryptocurrencies existing as of March 2022 (CoinMarketCap 2022).
In recent years, numerous fintech-related research works, especially cryptocurrencies,
have been conducted (Xu et al. 2019; Kou et al. 2021; Li et al. 2022; García-Corral et al.
2022). Cryptocurrencies have been increasingly used as assets, contributing to growing
interest among people. These interests go beyond individuals, as many hedge funds and
asset managers incorporate cryptocurrency-related assets into their trading strategies.
The number of research papers on cryptocurrency trading has been increasing over the
years (Fang et al. 2022). Attaining a currency function would be a topic of interest for
cryptocurrency holders and traders.
This study addresses the question of whether cryptocurrencies can function as “currency.” In an academic context, currency, also known as money, is defined as a commonly
accepted medium of exchange (Hazlett and Luther 2020). We investigate whether cryptocurrencies can function as currency under this definition, that is, whether cryptocurrencies can serve as a means of payment when purchasing various goods at many stores.
Furthermore, as the number of original cryptocurrencies is increasing, it is important
to determine what paths issuers can take to enable their cryptocurrencies to function
as currency. Some cryptocurrencies are designed to define their own economic zone,
which is referred to as a token economy. Establishing whether a cryptocurrency can have
a monetary function within its scope of use in the token economy is essential for issuers.
Research concerning whether cryptocurrencies are or can become currencies in general has been conducted (Yermack 2015; Hazlett and Luther 2020; Kunal et al. 2021;
Luther 2016; Folkinshteyn and Lennon 2016; Hazlett and Luther 2019) in particular
argue that cryptocurrency is a currency in some parts of society (Hazlett and Luther
2020). However, another study has concluded that it is difficult for cryptocurrencies to
be widely used as currency owing to network effects (Luther 2016). Furthermore, studies have investigated whether cryptocurrencies have sufficient ability to play the role of
currency in situations wherein cryptocurrencies are used for payment in certain parts
of society (Cachanosky 2019; Schilling and Uhlig 2019). Issuers want their cryptocurrencies to function as currency, but merely a few studies have addressed the question of
how these cryptocurrencies can acquire a monetary function. This study aims to determine whether issuers can take steps to stimulate cryptocurrencies to acquire a monetary
function. This research advances the work of Shibano and Mogi (2021).
Two major scenarios are discussed in this study. The first scenario investigates whether
increasing the number of stores that accept cryptocurrency goods for payments and
raising the awareness of people to such stores can enable cryptocurrencies to attain a
monetary function. This situation is related to a sales effort on the part of the issuer to
convince existing stores to accept payments in this form and public relations activities.
The second scenario studies the conditions of airdrop cases whereby the issuer devises
attractive services that make people want to acquire and save cryptocurrencies.
The conditions under which a cryptocurrency becomes a currency are analyzed using
the Yasutomi model (Yasutomi 1995a, b, 2000, 2003). The Yasutomi model is a multiagent simulation model for analyzing the emergence of money. The Yasutomi model
assumes rational behavior on the part of the agent as an active entity and shows that
money, which is a medium of exchange, naturally emerges among goods. The benefit
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of this model is that it allows computer simulations to be conducted to investigate the
emergence of currency, and conditions can be assigned to agents and goods as part of
the simulation. Once the code is written, complex manual calculations become unnecessary, and the code can be executed many times under different conditions with slight
modifications. In other words, the advantage of this model is its ability to perform simulations of the consequences of issuers’ actions repeatedly and under a variety of assumed
conditions. We modify the original Yasutomi model by introducing a fiat money good
that represents fiat currency and a cryptocurrency good. We can simulate cases in which
the cryptocurrency good either becomes a second currency, which circulates in addition to the original fiat money good, or acquires a monetary function in place of the fiat
money good.
The remainder of this paper is organized as follows: Section “Introduction” describes
the purpose and significance of this study. Section “Literature review” introduces some
related existing studies. Section “Simulation model” describes the model used in the
study: the modified Yasutomi model. Section “Simulation analysis” presents and explains
the results of the analysis of the two scenarios using the proposed model. Section “Discussion” presents a discussion of the issues raised in Section “Introduction” in terms of
what can be learned from the results obtained in Section “Simulation analysis”. Finally,
Section “Conclusion” summarizes the conclusions of this study.

Literature review
Research pertaining to the emergence of currencies in general, and not merely cryptocurrencies, has an extensive history. Kiyotaki and Wright (1989) analyze which commodities would endogenously become media of exchange, using a search-theoretic
model (Kiyotaki and Wright 1989, 1993). Marimon et al. (1990) further Kiyotaki and
Wright’s model by introducing classifier systems for agents to learn. Babutsidze and Iacopetta (2019) perform computer simulations using two models based on the Kiyotaki
and Wright model, one in which the agent’s behavior is fully rational and the other in
which the agent’s rationality is bounded, and confirm that currencies emerge in both
cases. Kunigami et al. (2010) propose a doubly structural network model, consisting
of the social networks and inner recognition networks of the agents, and analyze the
emergence of currency using this model. The Yasutomi model (Yasutomi 1995a, b, 2000,
2003) used in this study is a multi-agent simulation that shows that in an economic environment where goods are exchanged between agents, one of such goods has a monetary function. The Yasutomi model itself is further researched by Górski et al. (2010)
and Drożdż et al. (2013). The Yasutomi model has been applied to several studies. For
instance, Tsujino and Hashimoto (2010) analyze the mechanism involved in the creation,
stability, and collapse of key currencies in international financial markets using a variant
of the Yasutomi model. Ito et al. (2012) analyze the mechanism by which a local currency
is generated as a second currency using a model based on the Yasutomi model. Using the
Yasutomi model, Takahashi et al. (2019) show that if the saving behavior of agents is
restricted, then multiple currencies are generated and total consumption is increased.
Additionally, studies have investigated whether cryptocurrencies are money or can
become money. On the one hand, Yermack (2015) argues that Bitcoin does not behave
in a manner similar to a currency according to three aspects of the definition of money:
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currency functions as a medium of exchange, a unit of account, and a store of value.
On the other hand, Hazlett and Luther (2020) argue that economists define money as
a commonly accepted medium of exchange, and from that perspective, Bitcoin can be
considered as money in the context of a small domain. Herein, money is also defined as
a commonly accepted medium of exchange. Luther (2016) investigates whether cryptocurrencies can become currencies using the model developed by Dowd and Greenaway
(1993) in terms of network effects and switching costs. He concludes that cryptocurrencies are unlikely to be widely accepted, except under conditions of government support
or financial instability (Luther 2016). Folkinshteyn and Lennon (2016) conduct a qualitative analysis of Bitcoin as a currency and blockchain as a financial technology using
the technology acceptance model framework, discussing the risk and usefulness of these
factors for developers and end users.
Some studies have conducted economic analyses by assuming that cryptocurrencies
are used as money. Cachanosky (2019) uses the equation of exchange ( MV − Py ) and
finds that Bitcoin lacks the ability to adjust its supply, and this fact inhibits Bitcoin from
becoming a well-functioning currency. Schilling and Uhlig (2019) use a mathematical
model to analyze the coexistence of Bitcoin and the dollar and discuss monetary policy
implications.
However, little research has been conducted to investigate how cryptocurrencies can
function as currency. The problem relating to people’s acceptance of cryptocurrencies
can be investigated via psychological approaches, and this is helpful with respect to the
question of what interventions can be implemented to cause people to accept payments
in the form of cryptocurrencies. Abraham et al. (2019) find that cultural and psychological factors influence Bitcoin penetration and acceptance at both national and individual
levels. Kim (2021) analyzes Bitcoin usage via a model based on the theory of planned
behavior and discusses suggestions for Bitcoin marketers.

Simulation model
The Yasutomi model is a barter exchange and multi-agent simulation model that shows
that a currency emerges among homogeneous goods. Agents in the model have four
characteristics: utility, possession, demand, and view. Agents produce and consume
goods such that each agent produces only one type of good and exchanges it with others
to obtain utility goods. These exchanges are conducted on a one-to-one basis, according to which two agents exchange goods that they demand from each other. When
agents possess utility goods, they consume them. In particular, the concept of “demand”
is important. This concept refers to an agent’s behavior such that if many other agents
demand a certain good, the agent also demands that good, which enables the models
to simulate the smooth exchange of goods. If there were no demand, exchanges would
only occur when agents possess utility goods for one another. Because each agent has
only one utility good, it is unlikely that many such exchanges would occur. An agent’s
view expresses the agent’s recognition of how much a target good is demanded by other
agents. A good is considered to have acquired a monetary function if it continues to have
a very high average value for all agents in terms of view relative to other goods. In this
study, the state of a good such that it has a monetary function is defined as a commonly
accepted medium of exchange. Goods with high levels of view are demanded by agents,
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and the demanded goods are exchanged for other goods. A good with a high average
value can be said to be commonly accepted. More details pertaining to the Yasutomi
model can be found in Yasutomi (1995a, 2000) and Ito et al. (2012).
The modified Yasutomi model used in this study includes four additions to the original Yasutomi model. First, we introduce a fiat money good. Unlike other goods, the fiat
money good offers no utility; therefore, it is neither consumed nor produced. In the
original Yasutomi model, currency has the same characteristics as other general goods:
it offers utility and can be produced and consumed. The consumption and production of
currency are generally interpreted as the disposal and production of paper money by the
central bank (Yasutomi 2000), but the subjects of this study are microeconomic actors,
such as individuals, households, and retailers. Therefore, the fiat money good is assumed
to differ from general goods in that it is neither consumed nor produced but rather
serves as a medium of exchange for which there is only demand. Second, we introduce
the notion of the degree of rarity. When an agent chooses a new utility good, only goods
of this type whose market quantity is less than or equal to the rarity threshold r can be
selected. In other words, an agent randomly selects goods whose sum of possessions is
less than or equal to r. If a good is available in excessive quantities, it is unlikely to be
selected as a utility. Using water as an example, Turgot (1769) notes that people do not
perceive the value of goods that are distributed in excessive quantities and thus do not
gain utility from such goods (Turgot 1769; Kawamata 2010). We use a uniform r for all
goods, not merely for cryptocurrency goods. The third addition is the introduction of a
cryptocurrency good that is not subject to selection as a utility, same as the fiat money
good. However, depending on how the service is designed by the issuer, the possession
of cryptocurrencies may provide some services or satisfy an agent’s desire to own it.
In such cases, the cryptocurrency should be selected as a utility. Fourth, the modified
model includes a cryptocurrency agent that produces a cryptocurrency good. Such an
agent can be a smart contract, an issuer, or product operators engaged in the design,
distribution, and circulation of cryptocurrencies. If the cryptocurrency good is selected
as a utility and consumed, the total amount of this good would decrease. Therefore, to
prevent the cryptocurrency good from disappearing from the market, a cryptocurrency
agent that can produce cryptocurrency goods is introduced. In other words, the cryptocurrency agent is only introduced when the cryptocurrency good can be selected as a
utility. Goods that are neither fiat money nor cryptocurrency goods are general goods,
while agents that are not cryptocurrency agents are general agents.

Modified Yasutomi model

Let A be a set of all agents and G be a set of all goods. Assume that A and G contain N
general agents and N types of goods, respectively. Each agent is denoted by i ∈ A and
each good is denoted by φ ∈ G . φ = 0 is a fiat money good, φ = N + 1 is a cryptocurrency good, and i = N + 1 is a cryptocurrency agent. For example, if a fiat money good
is introduced and there are neither cryptocurrency goods nor cryptocurrency agents,
then A = {1, 2, . . . , N } and G = {0, 1, 2, . . . , N }, where #(A) = N and #(G) = N + 1.
General agents are assumed to be homogeneous and to exhibit no differences. The values of general goods are also assumed to be homogeneous.
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Constants

First, the constants used in the model are explained. The constants are determined
at the beginning and do not change during the simulation. N is the number of general agents as well as the number of general goods. T represents the total number
of turns during a simulation, and τ ≤ T represents the number of turns before the
introduction of the cryptocurrency good. For example, if T = 6000 and τ = 3000 ,
then a simulation is performed without the cryptocurrency good until the 3000th
turn. From turns 3001–6000, the simulation includes the cryptocurrency good. After
turn τ , a cryptocurrency agent may also be introduced, in addition to the cryptocurrency good. The fiat money good is assumed to have a monetary function from the
beginning of the simulation; therefore, a large initial value for the view of the fiat
money good is set for all agents, and it is denoted by Vcurrency . The threshold for view
is denoted by m, and if an agent’s view of a good exceeds m, the agent demands the
good, even if it offers no utility. This arrangement expresses the behavior of agents
who demand goods for the sake of exchange and not merely for utility. To add noise
(Yasutomi 2003), utility is randomly reset with a degree of probability ǫ even if it is
not consumed. r is the rarity threshold such that if the total amount of a good in the
market (the sum of possessions) is greater than r, the good is never selected as a utility by all agents. These constants must be appropriately set to execute the simulation
correctly. Unless otherwise specified, the constants are set to the following values:

N = 50, T = 6000, τ = 3000, Vcurrency = 0.5, m = 0.078, ǫ = 0.001.
The values of N and m used in this study are based on Yasutomi (2000). The values of T
and τ are described in Section “Simulation analysis”. All values, including Vcurrency and
ǫ, are verified to execute the simulation in Subsection “Verification of the basic case”. r
is used in Subsection “Cryptocurrency Airdrop”, and the value is properly set for each
scenario.
Subsequently, the four characteristics of agent i ∈ A are described.

Utility

ui,φ is the utility of good φ for agent i, indicating that i wants to consume φ . ui,φ satisfies the following conditions:

ui,φ = 0 or 1, ui,i = 0,
ui,φ = 1, ui,0 = 0 for i ∈ A, φ ∈ G.
φ

If ui,φ = 1, agent i desires good φ . Conversely, ui,φ = 0 implies that i does not desire
φ . For any i, ui,i = 0 indicates that the good produced by agent i is not desired by i.
φ ui,φ = 1 indicates that an agent desires only one good at a time. Because ui,0 = 0, the
fiat money good φ = 0 is not chosen as a utility. Agents can derive utility from the cryptocurrency good φ = N + 1 if a cryptocurrency agent exists such that i = N + 1, but not
otherwise. The utility good for each agent is randomly selected from among the goods,
except for its production, indicating φ ∈ G \ {i}.
If an agent possesses its utility good, the entire quantity of the good is consumed.
“Consumption” indicates that the good is withdrawn from the market. For example,
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such a situation is equivalent to an agent taking the action of eating food. Because the
fiat money good cannot be selected as a utility, it is not consumed. With respect to the
cryptocurrency good, it is possible to determine whether this good can be selected as
a utility at the onset of a simulation.
Possession

pi,φ denotes the amount of a good φ owned by agent i. pi,φ satisfies the following
condition:
pi,φ = 0 or a natural number for i ∈ A, φ ∈ G.
At the beginning of a simulation, each agent owns its production and the fiat money
good, so pi,φ = 1, where φ = i, 0, and pi,φ = 0 for the other goods, φ = i, 0.
Demand

Let di,φ be a demand for the good φ of agent i. The agent demands its utility good and
goods that other agents demand. di,φ satisfies the following condition:

di,φ = 0 or a natural number for i ∈ A, φ ∈ G.
While a utility good is obtained for consumption, the purpose for which a demand good
is obtained is either consumption or for use as a medium of exchange. Agents recognize
the value of such goods and offer to exchange them.
At the beginning of the simulation, di,φ is 0 for non-fiat goods φ = 0 and 1 for the fiat
money good φ = 0.
View

vi,φ represents agent i’s view of the demand for good φ by other agents. vi,φ satisfies the
following condition:

0 ≤ vi,φ ≤ 1,
vi,φ = 1.
φ
1−V

currency
for non-fiat goods φ = 0, and vi,0 is
At the beginning of the simulation, vi,φ is #{G}−1
Vcurrency for the fiat money good φ = 0. In addition, for threshold m, where vi,φ > m,
agent i demands φ because i perceives that someone else in the future will receive φ even
if it does not offer any utility.

Procedures

Following the initialization process, Steps 1 through 6 are considered to constitute one
trade t, and #{A} of t is considered to constitute one turn. Figure 1 shows the flowchart
for the procedure.
All agents are selected once each turn. The initialization process is implemented
only once at the beginning of a simulation. Cryptocurrency goods and cryptocurrency agents are introduced on turn τ + 1. Accordingly, economic activity continues
with only fiat money until turn τ .
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Fig. 1 Flowchart of procedure

Initialization process

Let Vcurrency be the initial value of the view for the fiat money good φ = 0 . For all
agents except cryptocurrency agent i ∈ A \ {N + 1}, the utility good is determined
using the method outlined in Subsection "Choice of utility".
For non-fiat money goods, the possession and demand values are set to zero, and
1−Vcurrency
. The fiat money good φ = 0 is assumed to be possessed and
the view is set to #(G)−1
demanded by everyone; therefore, the relevant values are set to 1. The initial value
of the view is Vcurrency . In the equations, for each i ∈ A, let φ = k be the randomly
selected utility of agent i. Thus,

ui,φ
ui,k
pi,φ
pi,0
vi,φ
vi,0

= 0 for φ ∈ G \ {k},
= 1,
= di,φ = 0 for φ ∈ G \ {0},
= di,0 = 1,
1 − Vcurrency
for φ ∈ G \ {0},
=
#(G) − 1
= Vcurrency .

Choice of utility

For all agents i ∈ A, let Gu (i) = G \ {0, i} be the set of all goods, except for the fiat
money good ( φ = 0 ) and the production of the agent ( φ = i ). Utility is set to
1 for a randomly selected φ ∈ Gu (i) and 0 for all other goods. For cryptocurrency goods, utility is always 0 if there are no cryptocurrency agents; therefore,
Gu (i) = G \ {0, i, N + 1}. Otherwise, N + 1 is included in Gu (i). If the rarity threshold

r exists, good φ , whose total amount exceeds r, or i∈A pi,φ > r is not selected as a
utility. Such goods are removed from Gu (i).
Step 1: agent selection

An agent pair i, j ∈ A is chosen to be involved in the exchange for each trade. Agent i
is randomly selected from the group of agents that has not been selected in this turn.
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An agent possessing the greatest amount of a good that offers utility to i is selected
as trade partner j. If multiple agents have the same amount of this good, one of these
agents is randomly selected.
Step 2: view updating

Agent i increases its view by 1/#(G) for the good it demands, that is,

if di,φ > 0 then vi,φ = vi,φ +

1
, for φ ∈ G.
#(G)

In addition, agents i and j share their views. Accordingly, i updates the view of all goods
to the average value of both agents, that is,

vi,φ =

vi,φ + vj,φ
, for φ ∈ G.
2

Thus, vi,φ is normalized such that

vi,φ =



φ vi,φ

= 1. Let Sv (i) denote



φ vi,φ ;

then,

vi,φ
for φ ∈ G.
Sv (i)

The same process is applied to agent j.
Step 3: demand updating

For goods possessed by the opposing agent j, if these goods offer utility to agent i or
have a view greater than or equal to constant m, then i demands the possession of all
such goods from j. Furthermore, these agents do not demand any other goods; hence,
their demand is set to 0. To summarize,
if pj,φ > 0 and (ui,φ = 1 or vi,φ ≥ m) then di,φ = pj,φ , otherwise di,φ = 0, for φ ∈ G.

The same process is applied to agent j.
Step 4: exchange of goods

In this step, goods are exchanged based on the demand. For the total amount of goods


demanded by agents i and j, or Sd (i) = φ di,φ and Sd (j) = φ dj,φ ,
(1) if Sd (i) = 0 or Sd (j) = 0, then the agents do nothing.
(2) If Sd (i) = Sd (j), then the agents exchange the difference of their demands for each
good. Therefore,

pi,φ = pi,φ + di,φ − dj,φ for φ ∈ G
pj,φ = pj,φ + dj,φ − diφ for φ ∈ G.
Because all goods demanded are available to each agent at this time, the demands
are set to 0 for all φ of agents i, j. Thus,

di,φ = dj,φ = 0 for all φ ∈ G.
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(3) If Sd (i) > Sd (j), then agent i takes one unit of a good that j possesses in the smallest
amount (> 0) and reduces its demand by one. If there are multiple such goods, one
good is randomly selected. This situation can be implemented as follows: let k be
the smallest amount of a good possessed by j whose demand from i is not 0; then,

pi,k = pi,k + 1
di,k = di,k − 1
pj,k = pj,k − 1,
where di,k > 0.
This process is repeated Sd (j) times. Then, the agents exchange their goods to satisfy the demand for j as follows:

pi,φ = pi,φ − dj,φ ,
pj,φ = pj,φ + dj,φ ,
dj,φ = 0
for φ ∈ G.
(4) If Sd (i) < Sd (j), then process (3) is executed by replacing i, j.

Step 5: consumption of goods

Agent i consumes all the utility goods that it owns. Therefore,

if ui,φ = 1 and pi,φ > 0, then pi,φ = 0 for φ ∈ G.
After consumption, the utility good is randomly reset. If agent i does not consume the
utility good, then the utility is randomly reset with a certain low degree of probability ǫ.
The utility good is selected using the method outlined in Subsection "Choice of utility".
The same process is applied to agent j.

Step 6: production of goods

If agent i owns no units of its production i, then agent i produces and possesses one
unit of good i.

If pi,i = 0 then pi,i = 1.
The same process is applied to agent j.
Verification of the basic case

As a basic case, a simulation in which only the fiat money good is introduced and neither
the cryptocurrency good nor cryptocurrency agents are introduced is performed. No
rarity threshold is introduced. In this case, the fiat money good is introduced as a factor
that differs from general goods, which is a different assumption from that of the original
Yasutomi model. Hence, we first examine whether the fiat money good behaves as a currency, assuming that τ = 3000.
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The Yasutomi model is a simulation model that features stochastic events, and the
results may differ, even if the model is implemented under the same conditions. Therefore, it is necessary to draw a conclusion statistically after performing the simulation
multiple times. Thirty trials are conducted to determine whether the fiat money good
functions as a currency.
The results presented in Fig. 2 illustrate the time series change in the average value of
view, which is one of 30 cases. The fiat money good 0 (the blue line) continues to have
a single high value from the beginning of the simulation until the 3000th turn, indicating that it functions as a currency. In all the 30 cases, it is confirmed that the fiat money
good functions as a currency by the 3000th turn. Thus, the fiat money good functions as
a currency in the basic model with a 100% probability.

Simulation analysis
In this section, by using the modified Yasutomi model, we analyze whether the cryptocurrency good can acquire a monetary function by considering two scenarios that may
result from actions taken by the issuer. First, the number of retail stores that accept the
cryptocurrency good as a form of payment is increased to investigate whether the cryptocurrency gains a monetary function as this number increases. Second, we examine
whether an airdrop of the cryptocurrency good leads to the cryptocurrency acquiring a
monetary function under the condition that the attractive services devised by the issuer
can cause many people to desire to acquire and save the cryptocurrency.
To identify whether the cryptocurrency good has a monetary function, we observe
whether the average value of its view continues to be extremely large relative to those
of other goods. Although it is possible to verify the results graphically, they are validated based on numerical data because we implement numerous simulations. We perform several simulation trials and establish that, in most cases, when a good does not
acquire a monetary function, its view is less than 0.01. A good that acquires a monetary
function exhibits a much higher view. If a good’s average view is greater than 0.05, we

Fig. 2 The basic case: Time series change of the mean of view. Blue line is the fiat money good, red line is the
cryptocurrency good, and other colors represent remaining goods. The fiat money good maintains a high
value from beginning to end, indicating that the monetary function is preserved
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define the good as having a “much higher” view. The period from 3001 to 6000 turns
is divided into 6 periods consisting of 500 turns each. If the average view in a period is
greater than or equal to 0.05, the good acquires a monetary function within that period.
If a good acquires a monetary function in one period and retains this function in all
subsequent periods, such a good is assumed to have acquired a monetary function. In
addition, if both the cryptocurrency good and the fiat money good acquire a monetary
function, then the cryptocurrency currency good is recognized as a second currency. On
the contrary, if the cryptocurrency good acquires a monetary function, while the monetary function of the fiat money good is lost, the cryptocurrency good becomes the only
currency. The simulation results are summarized in Table 3. In all the simulations conducted in this study, it is noted that no goods other than the cryptocurrency good and
the fiat money good acquired a monetary function.
In this study, τ = 3000 is set, and the cryptocurrency good is introduced at the 3001st
turn. The simulation is then advanced until T = 6000 turns. The values of T and τ are
significant. If the number of turns is too low, additional iterations of the simulation can
result in the emergence of a currency. Conversely, if the number of turns is too high, the
simulations are time-consuming and thereby inefficient. We maintain that 3000 turns
are a sufficient period for the emergence of currency in the original Yasutomi model,
which includes neither cryptocurrency goods nor fiat money goods. In 30 trials of the
original Yasutomi model conducted by 3000 turns, a currency emerged in all 30 trials.
Therefore, τ = 3000 and T = 6000 are the chosen values because these parameters allow
for a sufficient period of 3000 turns following the introduction of the cryptocurrency
good.
Standard case

First, we consider four standard cases in which the cryptocurrency good is introduced
without an increase in the number of stores accepting payments in the form of cryptocurrency or the performance of an airdrop. We show that the cryptocurrency good
does not have a monetary function in all cases. In Standard Case-1 (SC-1), at turn
τ + 1 = 3001, one unit each of the cryptocurrency good φ = N + 1 = 51 is distributed
to all N = 50 agents for a total of 50 units. In SC-2, in addition to N = 50 agents, a cryptocurrency agent is introduced that produces a cryptocurrency good. Furthermore, we
consider SC-3 and SC-4, in which the rarity threshold r is set to 25 and 2, respectively.
Simulations are implemented until τ = 3000 turns for each r, the cryptocurrency agent
is subsequently introduced without changing r, and the simulations continue until T =
6000 turns. In SC-2, SC-3, and SC-4, the cryptocurrency good is not distributed but is
rather produced by the cryptocurrency agent in the same way as other goods. The cryptocurrency good can be selected as a utility and circulated in the market. For each case,
30 simulations are performed, and we find that the cryptocurrency good never becomes
a currency, while the fiat money good continues to be a currency. The results of SC-1 to
SC-4 are shown in Table 3.
Increasing the number of stores accepting payment in the form of cryptocurrency

In this section, we examine the percentage of retail stores in an economy that must
accept cryptocurrency payments and the percentage of people who must be aware that
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they can use cryptocurrencies in stores for the cryptocurrency good to acquire a monetary function. For example, if approximately half of the retail stores in a city accept a
form of cryptocurrency payment, other stores in the city tend to accept such a form
of payment from customers because it can be used in approximately half of the stores
in their living area. The issuer of the cryptocurrency can increase the number of these
stores by convincing them to accept payment in this form, as well as increase the number of people who are aware of this fact via public relations activities.
We represent this situation via the modified Yasutomi model. However, whether stores
can be expressed as agents in the model is debatable. The original Yasutomi model views
agents as participants in economic activities, such that each agent produces, desires, and
exchanges its own goods. We argue that the four elements included in the model—utility, possession, demand, and view—are appropriate for representing the characteristics
of stores. Possession is interpreted as the goods owned and sold in a store. Demand indicates the goods that stores accept in exchange for selling the goods in their possession.
View is the same as in the case of individuals, that is, it measures the store’s recognition
to exchange one good for others. Utility can be considered as a good that is consumed
by the stores themselves. Some stores require air conditioners, cash registers, and office
automation equipment. Acquiring such goods in exchanges with other agents would
be equivalent to purchases. Stores can engage in exchanges with individual customers,
wholesalers, or other stores, all of which are expressed by agents. Thus, we argue that it
is reasonable to consider retail stores as agents in the Yasutomi model.
In this scenario, stores that accept payments in the form of cryptocurrency are modeled as having a demand for the cryptocurrency good. Such stores are allowed to receive
the cryptocurrency good from other agents in exchange for the goods they possess. The
demand for cryptocurrency goods in stores that accept them is set to 1.
The issuer’s publicity campaigns to inform the public that some stores accept payment
in the form of cryptocurrency correspond to increases in view for agents other than the
stores that accept payment in the form of cryptocurrency. This occurrence increases
such agents’ perception that the cryptocurrency good can be accepted instead of other
goods in the context of exchanges with other agents. The view increment is set to 1/#(G)
per store that accepts payments in the form of cryptocurrency, and the view is then
normalized.
The demand and view of each agent are updated at turn τ + 1 = 3001. As in the case
of the fiat money good, we also assume that the cryptocurrency good is not selected as
a utility. In this case, the cryptocurrency good is not consumed, so there is no need to
produce it, and there is no need to introduce the cryptocurrency agent.
For the extreme case 1 − A, we change the demand and view of the cryptocurrency
good φ = N + 1 for all agents of A. The demand is set to 1, and the view is increased
by #(A)/#(G) and then normalized. In addition, one unit of the cryptocurrency good is
distributed to all agents so that the cryptocurrency circulates in the market to the same
degree as the fiat money good. In this case, we perform 30 simulations with T = 6000
under the same conditions to check for changes in the average view of each good. One of
these simulations is depicted in Fig. 3.
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Fig. 3 Introduction of the cryptocurrency payments, case 1-A: Time series change of the mean of view.
Case 1-A is a case in which cryptocurrency is not selected as a utility (no cryptocurrency agent), 1 unit is
distributed to 50 people, all 50 people demand the cryptocurrency, and the view of 50 people is increased.
Blue line is the fiat money good, red line is the cryptocurrency good, and other colors represent remaining
goods. After turn 3001 of the cryptocurrency good introduction, both the fiat money good and the
cryptocurrency good acquire a monetary function

Fig. 4 Introduction of the cryptocurrency payments, case 1-A-2: Time series change of the mean of view.
Case 1-A-2 is a case in which cryptocurrency can be selected as a utility (with the cryptocurrency agent),
1 unit is distributed to 50 people, all 50 people demand the cryptocurrency, and the view of 50 people is
increased. Blue line is the fiat money good, red line is the cryptocurrency good, and other colors represent
remaining goods. After turn 3001 of the cryptocurrency good introduction, the cryptocurrency good
acquires a certain monetary function, which remains approximately 0.15, but this is far removed from that of
the fiat money good

The mean view of cryptocurrency good rises to approximately 0.50 on the 3001st turn,
and it remains approximately 0.40. In this case, the cryptocurrency good and the fiat
money good have approximately the same mean view, indicating that the cryptocurrency
good becomes a second currency. The same results are obtained in the other 29 trials.
Next, we study the results of case 1 − A − 2, according to which the cryptocurrency
good can be selected as a utility, with the other conditions remaining the same as in Case
1 − A. In this case, a cryptocurrency agent is introduced in the 3001st turn to produce
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Fig. 5 Introduction of the cryptocurrency payments, case 1-A-2: Time series change of the mean of view.
Blue line is the fiat money good, red line is the cryptocurrency good, and other colors represent remaining
goods. Although the conditions are the same as those used in Fig. 4, the monetary function may ultimately
be lost

the cryptocurrency good. Figures 4 and 5 show the average view of each good in two of
the 30 simulation trials.
The average view of the cryptocurrency good, at approximately 0.15, is larger than that
of the other general goods, but it is not as high as that of the fiat money good (approximately 0.55). In some trials, such as that illustrated in Fig. 5, the view value of the cryptocurrency good eventually falls to the same level as those of other general goods, and
so, the cryptocurrency does not qualify to become a currency. In 19 out of 30 trials, the
cryptocurrency good becomes a second currency, with an average view of 0.15, while the
average view of the fiat money good is 0.55.
If the cryptocurrency good can be selected as a utility, its monetary function is weakened, and there are cases in which this good does not become a currency. However, if
the cryptocurrency good is not selected as a utility, it becomes a currency in 100% of
cases. Furthermore, we assume that the cryptocurrency good is not selected as a utility
good. We start with scenarios in which 5 or 10 of the 50 agents’ demands are increased,
as they represent retail stores of 10–20% of the agents that accept payments in the form
of cryptocurrency. Next, we assume that a view of 25 or 40 agents, representing 50% and
80% of the total, respectively, is increased. It is reasonable to assume that as the number
of stores accepting the cryptocurrency good increases, the value of view also increases;
thus, we increase the number of 1/#(G) multiplied by the number of stores accepting the
cryptocurrency. Simulations are performed for the four cases listed in Table 1. For each
case, the table lists the number of agents (among the 50) whose demand is set to 1, the
number of agents (among those remaining) whose view is increased, and the amount
by which view is increased. For example, the case of 1-B means, “For 5 out of 50 agents,
demand is set as 1. For 25 of the remaining agents, the view is increased by 5/52 and
then normalized.” In all cases, normalization is performed after increasing the number
of views.
We conduct 30 simulation trials for each of these 4 cases and find that none of the trials in 1-B results in the cryptocurrency good becoming a currency. In the case of 1-C,
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Table 1 Introduction of the cryptocurrency payment cases (the cryptocurrency good is not
selected as a utility)
Case Number of agents
(among 50) whose
demand is set to 1

Number of agents
(among those
remaining) whose
view is increased

Increased
amount of
view

Number of trials
when both the
cryptocurrency
and the fiat money
become a currency

Number of trials
in which only the
cryptocurrency
becomes a currency

1-B

5

25

5/52

0

0

1-C

5

40

5/52

15

0

1-D

10

25

10/52

30

0

1-E

10

40

10/52

30

0

These are the cases for the introduction of the cryptocurrency payments scenario. 30 simulation trials are conducted for
each case. The second column represents the number of stores that accept payment in the form of cryptocurrency. The third
column represents the number of people who know that some stores accept payment in the form of cryptocurrency. The
forth column represents the number of stores accepting cryptocurrency known to each people

Fig. 6 Introduction of the cryptocurrency payments, case 1-A: Time series change of the sum of possession.
The red line is the cryptocurrency good and other colors are remaining goods. After turn 3001 of the
cryptocurrency good introduction, the total number remains constant at 50 throughout all turns

the cryptocurrency good becomes a second currency in 15 out of 30 trials. The cryptocurrency good becomes a second currency in all 30 trials for Cases 1-D and 1-E.
In this section, we analyze whether cryptocurrencies can acquire a monetary function by increasing the number of stores that accept cryptocurrency payments. In all
cases where the cryptocurrency good is introduced, the monetary function is not
acquired in place of the original fiat currency but rather functions as a second currency in addition to the fiat currency. Even if we increase the number of stores that
accept payments in the form of cryptocurrency to 10% of the total and public awareness of these stores to 80% of the people, there is only a 50% chance that the cryptocurrency will become a currency. Moreover, if we increase the number of stores
accepting payments in the form of cryptocurrency to 20% of the total, the cryptocurrency becomes a currency if 50% of people are aware of this fact. For individuals
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Fig. 7 Introduction of the cryptocurrency payments, case 1-A-2: Time series change of the sum of
possession. Blue line is the fiat money good, red line is the cryptocurrency good, and other colors represent
remaining goods. This case represents the total amount of goods for the same simulation as that of Fig. 5.
After the introduction of cryptocurrency good, the total amount decreases drastically, remains below 25, and
then disappears. Compared with Fig. 5, the time of disappearance coincides with the time when the view is
decreased

aiming to view cryptocurrency as a currency, this section suggests introducing the
cryptocurrency to 20% of all agents and to increase awareness among 50% of all the
agents. Note that the cryptocurrency should not be selected as a utility, that is, the
consumers should not want it per se as they do fiat money.
In this scenario, the monetary function is easier to acquire if the cryptocurrency is
not selected as a utility. Figure 6, which outlines the transition of possession, shows
that the sum of possession of 1-A is constant, while in Fig. 7, that of 1-A-2 plummets
after the airdrop distribution and remains below 25, that is, approximately half of the
total.
As the simulation progresses, despite the even distribution of the cryptocurrency
good at the 3001st turn, the amount of this good that is possessed by each agent varies thereafter, such that some agents can possess multiple units of the cryptocurrency good. Then, the agent who gains utility from the cryptocurrency good chooses
an agent who possesses a large amount of the cryptocurrency good as a partner. The
utility-seeking agent demands all the units of the cryptocurrency good owned by
the partner agent in Step 3. After the exchange in Step 4, the utility-seeking agent
obtains several units of the cryptocurrency good and consumes them, resulting in the
disappearance of the consumed units from the market. If demand remains after this
exchange, the view of the cryptocurrency good in Step 2 of the following t increases.
The cryptocurrency agent produces at most one unit of the good during each trade
t. Because the amount of the cryptocurrency good that is consumed is much higher
than the amount that is produced in each trade, the total amount of the cryptocurrency reduces over time. As the total quantity of the cryptocurrency good decreases,
the number of agents with multiple units of the cryptocurrency good decreases.
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The quantity possessed by the partner agent of an agent who selects cryptocurrency as a utility also decreases. This change results in a small increase in demand,
and no demand remains at the time of the exchange. This situation does not lead to
an increase in view in Step 2 of the following t. However, as approximately 25 units
remain, the average level of view is lower than that found in 1-A but higher than in
cases where cryptocurrency goods are not distributed or prior to the 3000th turn.
Cryptocurrency airdrop

In this scenario, we investigate whether a monetary function can be acquired by distributing the cryptocurrency. To ensure the liquidity of the cryptocurrency in the early
stages of its issuance, an airdrop method is often used to distribute the cryptocurrency
free of charge to a limited number of users. The conditions for distribution, including
the amount of the cryptocurrency, the number of receivers, whether the target agent
should be randomly set or fixed, and whether the cryptocurrency should be distributed
periodically at each turn or only at the beginning of each issue, are considered. We also
consider whether the cryptocurrency should be selected as a utility.
In the modified Yasutomi model, we represent an airdrop by forcibly increasing the
possession of the cryptocurrency good among some agents. This distribution process is
performed just prior to Step 1 at the start of trade t during the airdropping turn.
Simulations are performed for the five cases listed in Table 2. Here, it is assumed that
the cryptocurrency good can be selected as a utility; therefore, the simulations are conducted with the inclusion of the cryptocurrency agent. For each case, the table indicates
whether an airdrop is conducted at every turn or only in the first turn, the number of
cryptocurrency units distributed per airdrop, the number of agents receiving distribution at each time, and whether the target agents are fixed or randomly selected each
time in cases where the distribution is made at every turn. For example, the case of 2-A
means, “Distribute one unit of the cryptocurrency good to one fixed person each turn.”
The cases study two major process variations. First, Cases 2-A and 2-B assume the
distribution of each turn. While 2-A assumes a distribution to the same person at
each turn, 2-B assumes a distribution to randomly selected persons at each turn. In
both cases, only one unit of the cryptocurrency good is distributed per turn, and there
Table 2 Airdrop cases with parameters varied assuming the cryptocurrency good can be selected
as a utility
Case Airdrop
conducted
at every turn
or only in the
first turn

Number
of units of
cryptocurrency
distributed per
airdrop

Number
of agents
receiving
distribution
at each time

Whether
target agents
are fixed or
randomly
selected

Number of
trials when
both the
cryptocurrency
and the fiat
money become
a currency

Number of
trials in which
only the
cryptocurrency
becomes a
currency

2-A

Every turn

1

1

Fixed

0

30

2-B

Every turn

1

1

Random

0

0

2-C

First turn only

1000

1

–

3

0

2-D

First turn only

1000

25

–

5

0

2-E

First turn only

1000

50

–

14

0

These are the cases for the airdrop scenario. 30 simulation trials are conducted for each case. Here, it is assumed that the
cryptocurrency good can be selected as a utility
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Fig. 8 Airdrop, case 2-A: Time series of the mean of view. Case 2-A is a case in which cryptocurrency can
be selected as a utility (with the cryptocurrency agent) and 1 unit is distributed to one specific person
each turn. Blue line is the fiat money good, red line is the cryptocurrency good, and other colors represent
remaining goods. After turn 3001 of cryptocurrency good introduction, the view increases rapidly and the
cryptocurrency acquires a monetary function. On the other hand, the view of the fiat money good decreases
in response and loses its function as money

Fig. 9 Airdrop, case 2-B: Time series of the mean of view. Case 2-B is a case in which cryptocurrency can be
selected as a utility (with the cryptocurrency agent) and 1 unit is distributed to a random person each turn.
Blue line is the fiat money good, red line is the cryptocurrency good, and other colors represent remaining
goods. In this case, the monetary function of the fiat money good remains unchanged after turn 3001 of the
cryptocurrency good introduction

is no upper limit for the total distribution. Second, Cases 2-C, 2-D, and 2-E assume
a one-time distribution of 1000 units of the cryptocurrency good to one person, half
of all the agents (25 people), and all the agents (50 people), respectively. In 2-A, the
cryptocurrency good acquires a monetary function in all the 30 trials. Furthermore,
the fiat money good loses its function as a currency, thereby leaving cryptocurrency
as the only remaining currency. Conversely, in Case 2-B, wherein the target person
for the distribution is randomly selected each time, the cryptocurrency good does not
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function as a currency, even once, throughout the 30 trials. For a cryptocurrency to
gain a monetary function, distributions must be targeted at a specific person instead
of selecting a random persons at each turn. Figures 8 and 9 show the average view values for Cases 2-A and 2-B, respectively.
However, in Cases 2-C, 2-D, and 2-E, the cryptocurrency good does not become
the only currency in any of the 30 trials, but functions as a second currency 3, 5, and
14 times, respectively. When the cryptocurrency good gains a monetary function, its
average view is approximately 0.14, which is not as high as the average view of the
fiat money good of 0.6. Nonetheless, cryptocurrency goods retain a certain monetary
function. As the number of people receiving distributions increases, the percentage of
trials in which cryptocurrency acquires a monetary function also increases. This finding indicates that the more people receive cryptocurrency distributions, the greater
the possibility that the cryptocurrency becomes a second currency. Case 2-A-2 is a
variant of Case 2-A, in which the cryptocurrency good cannot be chosen as a utility.
In the simulations in this case, the cryptocurrency good does not gain a monetary
function even once. This result contrasts with that of Case 2-A, according to which
the cryptocurrency has a 100% probability of becoming a currency. Thus, for cryptocurrencies to acquire monetary functions via airdrops, we find that the best scenario
occurs when the cryptocurrency has an attractive design, namely, when it is chosen as
a utility good and airdropped continuously to one specific person.
Figure 10 shows the transitions in the total volume of all goods in one iteration of
Case 2-A, and the cryptocurrency good’s volume is shown in red. Total volume is
expressed as the total amount of the good possessed by all agents.
This indicates that a very large amount of the cryptocurrency good is in circulation compared to other goods. While 50 units of the fiat money good and approximately 1 unit each of all the other goods are in circulation, up to 278 units of the
cryptocurrency good are in circulation. When the quantity in circulation is this large,
it is unnatural for the cryptocurrency good to retain utility in the same manner as
other goods. To adjust for this situation, a rarity threshold r is introduced under the

Fig. 10 Airdrop, case 2-A: Time series transition in the sum of possession of each good. Blue line is the fiat
money good, red line is the cryptocurrency good, and other colors represent remaining goods. A larger
amount of the cryptocurrency good exists than that of other goods
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Fig. 11 Airdrop, case 2-F: Time series transition in the sum of possession of each good. Case 2-F is a case in
which the rarity threshold is set to 25, cryptocurrency can be selected as a utility (with the cryptocurrency
agent) and 1 unit is distributed to one specific person each turn. Blue line is the fiat money good, red line
is the cryptocurrency good, and other colors represent remaining goods. Since the cryptocurrency is not
consumed even when the airdrop is completed each turn, it continues to increase monotonically

Fig. 12 Airdrop, case 2-F: Time series change in the sum of the utility. Red line is the cryptocurrency good,
and other colors represent remaining goods. Immediately following turn 3001 of the cryptocurrency good
introduction, utility increases slightly, but then utility disappears

simulation conditions. Thus, it is necessary to perform an airdrop for which the distribution volume is adjusted to remain below r. We further our analysis by considering
two additional contexts: one in which too many agents possess the cryptocurrency
good, such that no agents continue to gain utility from it, and the other in which the
cryptocurrency good is rare and the agents desire it. These cases are represented by
setting r to 25 and 2, respectively.
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Case 2-F, in which r is set to 25 and the other conditions remain the same as in Case
2-A, is investigated. r = 25 is also introduced during the 3000 turns whereby only the
fiat money good is included. Consequently, the cryptocurrency good does not become
a currency, even once, across the 30 trials. The time series changes in possession and
utility are shown in Figs. 11 and 12. The amount of cryptocurrency goods in circulation
exceeds r = 25 at approximately 3080 turns and then continues to increase until 6000th
turn. The good does not appear to retain any utility after the approximate 3080th turn.
If there is no utility, there is no increase in demand; thus, the view does not increase.
Subsequently, Case 2-G is considered, and in this case, the cryptocurrency good is distributed at every turn to a specific agent but not distributed if its total amount exceeds
r = 25. In all the 30 trials, the cryptocurrency good acquires a monetary function. In
28 out of the 30 trials, it is the only currency. Subsequently, we examine two additional
cases in which r is set to 2. In Cases 2-H and 2-I, r = 2 and the other conditions remain
the same as in Cases 2-F and 2-G, respectively. In both cases, the cryptocurrency good
never gains a monetary function.
These results indicate that if r is relatively large, the cryptocurrency good can acquire
a monetary function by performing airdrops within a range that does not exceed r, that
is, maintaining the total amount at a level below which the cryptocurrency good can be
selected as a utility causes the cryptocurrency to become a currency. On the contrary, if
r is low, the cryptocurrency good can never acquire a monetary function. Eventually, it is
important to make the cryptocurrency attractive to more people and not merely to those
who desire it because of its rarity.
We discuss these results in terms of the changes in the amount of the cryptocurrency
goods that is possessed. If distribution to a single agent continues, the possession of a
cryptocurrency good is concentrated; however, if a target agent is randomly selected at
each turn, the possession is dispersed. In Step 1, as a counterpart to the agent for whom
the cryptocurrency good is selected as utility, the agent who is the target of the airdrop
and who thus has the largest amount of the cryptocurrency good is selected. The larger
the amount of the cryptocurrency good that is owned by the counterpart, the more
demand remains after the exchange, and the larger the amount of demand that is carried
over to the next t, leading to an increase in view.

Discussion
The results of the simulations show the orientation that issuers should adopt. The sales
activity target should be to introduce the cryptocurrency in stores that correspond to
20% of the population in the targeted economic zone, and public relations activities
should be aimed at making 50% of the targeted people aware of these stores. Alternatively, it is found that cryptocurrency should be designed in such a manner that users
desire to save it, and that the cryptocurrency should then be continuously airdropped
to a specific person. In this case, it is necessary to design a cryptocurrency that inspires
many people to desire to possess it, not because the cryptocurrency is rare but because
they desire it even if half of the people in the economic zone own it. The findings of
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this study are useful to not only issuers but also, for example, national or local governments that are interested in introducing existing cryptocurrencies as national or local
currencies. If the issuer is a start-up company that does not have physical stores and
exhibits little sales power, it is difficult to realize the former situation; hence, the latter option should be chosen. In particular, the conclusion that it is better to continuously airdrop to a specific person rather than to a larger number of people is surprising.
In many existing projects, we believe that the most frequently adopted airdrop strategy
tends to be the distribution of small amounts to many people so that more people will
use the cryptocurrency.
Even if the cryptocurrency is designed to be attractive, it is unlikely that this attraction will persist in the long run. Therefore, the airdrop scenario is only effective during the early stages of issuance. In the long run, issuers should consider introducing
them to retail stores.
This study contributes to the field of research that bridges the gap between studies that focus on whether cryptocurrencies are monies and economic analysis that
assumes a situation in which cryptocurrencies are used as money. In the field of
research pertaining to ways of allowing cryptocurrencies to acquire a monetary function, we use a multi-agent simulation model, that is, the Yasutomi model, which is an
economically rational model of behavior, to obtain certain findings. Further progress
in this context may lead to the introduction of an increasing number of cryptocurrencies into our society. This situation would lead to more opportunities to apply existing economic analyses to situations in which cryptocurrencies are used as money. For
practitioners, the modified Yasutomi model may be useful as a means of determining whether their sales and public relations plans can stimulate the cryptocurrency
to acquire a monetary function. The result of the model is not necessarily accurate;
however, it can be one of the factors involved in making these judgments.
Subsequently, we discuss the caveats regarding and limitations of the findings of
this study. In the Yasutomi model, only basic economic activities are considered. This
model includes no concept for expressing the value of goods, and bartering always
occurs on a one-to-one basis. However, in the real world, the market price of cryptocurrencies fluctuates, and the price of goods varies from one product to another. Note
that the average level of view, whether high or low, is not relevant in determining
whether the value of the good is high.
Additional research is needed to determine whether the findings of this study are
applicable in the real world. One issue is the incorporation of the concept of price
into the model, as discussed above. It is also interesting to investigate how the price
of a cryptocurrency is affected when it functions as a currency because in the case
of a proof-of-work blockchain, such as Bitcoin, this issue is also linked to the energy
consumption problem. Recently, regulations have been established to determine the
proper treatment of cryptocurrencies on exchanges. By using this model, it may be
possible to analyze the possibility of restricting the behavior of exchanges to prevent
a cryptocurrency from functioning as money in certain economic zones, such as the
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shadow economy. For example, in response to a regulation that requires all customers
to verify their identities, the model could be modified to prevent exchanges with individuals who cannot verify their identity and to determine whether the cryptocurrency
can acquire a monetary function in this case.
However, there is also a social need to regulate cryptocurrencies in areas where
they have already acquired a monetary function, which would require such cryptocurrencies to lose their monetary function. We believe that it is important to conduct
additional research to investigate how to regulate cryptocurrencies that already function as currencies in a way that causes them to lose their monetary function in inappropriate areas, such as the shadow economy.
In addition, it is possible to acquire on-chain transaction data as real data. Using
such data, it may be possible to identify the economic zones of a cryptocurrency and
analyze whether it functions as money in such zones.

Conclusion
In this study, the modified Yasutomi model is used to determine whether cryptocurrencies can acquire a monetary function. We analyze two scenarios representing the potential
actions of a cryptocurrency issuer. The first scenario involves an increase in the number of
retail stores in which cryptocurrency can be used as a form of payment and a corresponding increase in the number of people that are aware of the existence of such stores. The
second scenario involves airdropping cryptocurrencies and making them attractive, thereby
causing people to desire to obtain and save them.
We find that cryptocurrencies can function as a second currency when 20% of all agents
accept it for payment and when 50% of agents are aware of this fact. In addition, cryptocurrency can replace a fiat currency by being designed to be attractive and by the use of
continuous airdrops to a specific person while ensuring that the volume of the cryptocurrency remains within a specified range so that its attractiveness is not lost. It is necessary to
design the cryptocurrency in such a way that many people desire it for reasons other than
that it being rare.
Even if the cryptocurrency is designed to be attractive, it is unlikely that this attraction
will persist in the long term. Therefore, at the time of issuance, airdrops to a specific person should continue, while ensuring that the total volume remains within a given range, to
ensure that the cryptocurrency remains attractive. Simultaneously, sales activities should
be conducted to increase the number of stores that accept payments in the form of such
cryptocurrency. Before the cryptocurrency loses its attractiveness, the issuer should create
a situation in which the number of stores accepting payments in the form of the cryptocurrency is at least 20% of the total number of people. However, determining whether the
results obtained in this study can be applied in the real world is a task for future research.

Appendix
See Table 3.
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30

19

Standard case

Standard case

Standard case

Introduction of the cryptocur- Cryptocurrency is not
rency payments case
selected as a utility (no
cryptocurrency agent), 1 unit
is distributed to 50 people,
all 50 people demand the
cryptocurrency, and the view
of 50 people is increased.

SC-3

SC-4

1-A

1-A-2 Introduction of the cryptocur- Cryptocurrency can be
rency payments case
selected as a utility (with the
cryptocurrency agent), 1 unit
is distributed to 50 people,
all 50 people demand the
cryptocurrency, and the view
of 50 people is increased.

0

Rarity threshold is set to 2,
0
and the cryptocurrency agent
is introduced at turn 3001.

Rarity threshold is set to 25,
0
and the cryptocurrency agent
is introduced at turn 3001.

Cryptocurrency agent is
introduced at turn 3001.

0

SC-2

Cryptocurrency good is distributed to 50 people at turn
3001. No introduction of the
cryptocurrency agent.

Standard case

0

0

0

0

0

0

Number of trials when both Number of trials in which
the cryptocurrency and
only the cryptocurrency
the fiat money become a
becomes a currency
currency

SC-1

Case

Category

No.

Table 3 All simulation results

0.15

0.40

–

-

–

–

Average view of
cryptocurrency during
the period in which it is a
currency

0.55

0.40

0.61

0.61

0.61

0.61

Average view of fiat money
during the period in which it
is a currency
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Introduction of the cryptocur- Cryptocurrency is not
rency payments case
selected as a utility (no
cryptocurrency agent), 1 unit
is distributed to 50 people, 5
out of 50 people demand the
cryptocurrency, and the view
of 25 people is increased.

Introduction of the cryptocur- Cryptocurrency is not
rency payments case
selected as a utility (no
cryptocurrency agent), 1 unit
is distributed to 50 people, 5
out of 50 people demand the
cryptocurrency, and the view
of 40 people is increased

Introduction of the cryptocur- Cryptocurrency is not
rency payments case
selected as a utility (no
cryptocurrency agent), 1 unit
is distributed to 50 people, 10
out of 50 people demand the
cryptocurrency, and the view
of 25 people is increased

Introduction of the cryptocur- Cryptocurrency is not
rency payments case
selected as a utility (no
cryptocurrency agent), 1 unit
is distributed to 50 people, 10
out of 50 people demand the
cryptocurrency, and the view
of 40 people is increased

1-B

1-C

1-D

1-E

Case

Category

No.

Table 3 (continued)

0

0

30

0

0

30

15

0

Number of trials when both Number of trials in which
the cryptocurrency and
only the cryptocurrency
the fiat money become a
becomes a currency
currency

0.39

0.39

0.39

-

Average view of
cryptocurrency during
the period in which it is a
currency

0.40

0.40

0.51

0.61

Average view of fiat money
during the period in which it
is a currency
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Cryptocurrency can be
0
selected as a utility (with the
cryptocurrency agent) and 1
unit is distributed to a random
person each turn

Airdrop case

Airdrop case

Airdrop case

Airdrop case

2-B

2-C

2-D

2-E

Cryptocurrency can be
selected as a utility (with the
cryptocurrency agent) and
1000 units are distributed to
50 persons at turn 3001

Cryptocurrency can be
selected as a utility (with the
cryptocurrency agent) and
1000 units are distributed to
25 persons at turn 3001

Cryptocurrency can be
selected as a utility (with the
cryptocurrency agent) and
1000 units are distributed to
one person at turn 3001.

Cryptocurrency is not
selected as a utility (no cryptocurrency agent) and 1 unit
is distributed to one specific
person each turn

2-A-2 Airdrop case

14

5

3

0

0

Cryptocurrency can be
selected as a utility (with the
cryptocurrency agent) and
1 unit is distributed to one
specific person each turn

Airdrop case

0

0

0

0

0

30

Number of trials when both Number of trials in which
the cryptocurrency and
only the cryptocurrency
the fiat money become a
becomes a currency
currency

2-A

Case

Category

No.

Table 3 (continued)

0.14

0.13

0.14

–

-

0.57

Average view of
cryptocurrency during
the period in which it is a
currency

0.57

0.59

0.60

0.61

0.61

-

Average view of fiat money
during the period in which it
is a currency
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Airdrop case

Airdrop case

Airdrop case

Airdrop case

2-F

2-G

2-H

2-I

0

0

Rarity threshold is set to
0
2, cryptocurrency can be
selected as a utility (with the
cryptocurrency agent), and
1 unit is distributed to one
specific person each turn only
when total number is within
the rarity threshold

Rarity threshold is set to
2, cryptocurrency can be
selected as a utility (with the
cryptocurrency agent), and
1 unit is distributed to one
specific person each turn.
0

0

28

0

Number of trials when both Number of trials in which
the cryptocurrency and
only the cryptocurrency
the fiat money become a
becomes a currency
currency

Rarity threshold is set to
2
25, cryptocurrency can be
selected as a utility (with the
cryptocurrency agent), and 1
unit is distributed to a specific
person each turn only when
the total number is within the
rarity threshold

Rarity threshold is set to
25, cryptocurrency can be
selected as a utility (with the
cryptocurrency agent), and
1 unit is distributed to one
specific person each turn

Case

30 simulation trials are conducted for each case

Category

No.

Table 3 (continued)

–

–

0.82

–

Average view of
cryptocurrency during
the period in which it is a
currency

0.61

0.61

0.39

0.60

Average view of fiat money
during the period in which it
is a currency
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