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Abstract: Blockchain solves the problem of mutual trust and consensus in the business market of the
token economy. In the existing paradigm of blockchain token economy, there are disadvantages of
lacking the incentive mechanism, business applications and virtual token value. These shortcomings
reduce consumers’ willingness to consume and the profits of the merchants. In this paper, we propose
a novel “Dual incentive value-based” paradigm to improve the business market profitability in
blockchain token economy. To evaluate our proposed paradigm, we propose a business study case
for improving merchants” environment state. In this case, we set up two economic models and make
simulations to validate the profitability. The result shows that merchants with the novel paradigm
have 32% more profit compared with those without the paradigm and at most 10% more profitable
than those in existing paradigms.

Keywords: blockchain; token economy; incentive mechanism; effects in business market; economic
model

1. Introduction

A token economy is a complex system of reinforcement, and it offers some medium of
exchange (i.e., a token) for the participants to purchase various goods, services, or privi-
leges [1]. The token economy could make the business market more active and profitable
than before [2]. Traditional token economy has not fully reflected the characteristics of
co-governance and mutual trust [3]. With the development of blockchain technology, many
studies believe that the blockchain token economy is a crucial grasp to achieve this goal
based on the consensus mechanism and autonomy of the blockchain [4].

Blockchain can be referred as a distributed ledger. Its data and transactions are not un-
der the control of any third party [5]. Each node in the blockchain is equal. The blockchain
is considered as persistence, anonymity and auditability by the academia and the indus-
try [6]. In 2008, Satoshi Nakamoto proposed the definition of Bitcoin, where the concept
blockchain was firstly proposed. After that, the blockchain experienced three development
stages. Blockchain 1.0 resolves Double-spend with distributed transfer in the cryptocur-
rency transactions such as the Bitcoin. Blockchain 2.0 realized the programmable finance
in the financial fields such as the Ethereum. Blockchain 3.0 focuses on using blockchain
for various applications in industries other than finance [7]. Currently, Blockchain 3.0
can be well applied in many fields, such as healthcare [8], education [9] and the token
economy introduced in this paper. In the blockchain, the token (i.e., Bitcoin) is a medium
to stimulate nodes to work for the community more. The incentive mechanism is the
approach to offer tokens. The incentive mechanism is a common approach to stimulate
roles to work in different scenarios. It is widely used in different fields, such as network
communications [10] and IoT [11]. The design of the incentive mechanism is the critical
challenge of decentralized token design [12]. Moreover, it increases the blockchain nodes’
interests in the token [13]. In the business market, the blockchain token economy can
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enforce a mutually beneficial business environment [14]. In this environment, the values of
the token and the incentive mechanism are two essential factors [15].

Existing studies on the blockchain token economy mainly focus on three aspects: new
incentive mechanism design, new economic scenario design and new business schema design

*  For the first aspect, researchers concentrate on designing new incentive mechanism on
the token to stimulate nodes to join in the activities of the community. Barreiro-gomez
et al. [16] designed a game theory-based incentive mechanism on the token to research
the risks in the token’s circulation. Kim et al. [12] introduced the details in a Swiss
blockchain’s token, including the design of the incentive mechanism. Drasch et al. [17]
modeled the associated incentives in a multi-sided blockchain-enabled platform for
token value development.

¢  For the second aspect, researchers import particular economic scenarios in the
blockchain token economy. The definitions of novel economies and management
methods are necessary. Narayan et al. [18] proposed a tokenizing coopetition in the
circular token economy to show how competition could be operationalized and opti-
mized using tokens in a blockchain. Kim et al. [19] proposed a process for building a
desirable model of a sustainable growth token economy.

*  For the last aspect, researchers introduces the application of tokens in the actual
business schema, such as the joint application of Initial Coin Offering (ICO) [20] and
tokens. Tonnissen et al. [21] introduced the cluster-analysis of 195 ICOs and identified
three different archetypes on ICO tokens.

At present, there is a lack of systematic research on the token economy paradigm.
Therefore, we divide the current researches into three categories according to their research
directions: the incentive-based paradigm, the new scenario-based paradigm, and the
business schema-based paradigm.

However, the three paradigms all have disadvantages. First, the incentive-based
paradigm’s token cannot be used as a real currency [12,16]. Meanwhile, the current
incentive-based paradigm focuses on the single incentive mechanism, leading to limited
influence in their scenario. Second, the new scenario-based paradigm lacks applications in
the business scenario. It also lacks regulation and control effects to the business market
economy. Finally, the business schema-based paradigm lacks the incentive mechanism. It
takes terrible effects, such as the virtual tokens scam.

Token economy strengthens the market profit and helps to build mutual trust and co-
government [22]. The incentive mechanism and the liquidity of tokens are most essential
parts. To increase market profitability, we combine the features of token value, business
applications and incentive mechanisms in one paradigm to propose a novel paradigm
“dual incentive value-based paradigm” as the fourth paradigm in the business blockchain
token economy. Different with the previous paradigms, the novel paradigm achieves
dual incentive effects on different types of nodes by only one token to expend the usage
scenario. Meanwhile, it contains token value design and the liquidation design. Therefore,
the token can be used as real currency and the novel paradigm can be used in the business
market economy.

To prove the applicability in the business scenario, we propose a study case for improv-
ing merchants’ environment state in the business scenario. In this case, the government, the
alliance, the merchant and the customer are four roles, and the voucher is the token. Then
we set up two economic models to prove that the novel paradigm can be more profitable
than the existing paradigms. After that, we make simulations to compare the expected
profitability of merchants in non-paradigm, existing paradigm and novel paradigm scenar-
ios. The result shows that merchants in the novel paradigm can obtain at most 10% more
profit than those in the existing paradigm and at most 32% more profit than those without
paradigms. The contributions of our study are as follows:

*  We conclude three existing paradigms of the blockchain token economy novelly and
analyze the shortcomings of each paradigm.
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*  We propose a novel dual incentive value-based paradigm in the blockchain token
economy. It can make dual incentive effects and enhance the entity value of the token
in the business blockchain economy.

*  We propose a study case and set up two economic models to prove the novel paradigm’s
profitability.

*  We compare our novel paradigm with other paradigms in the study case to prove its
effectiveness.

Our following sections are structured as follows: Section 2 summarizes existing
paradigms of blockchain token economy; Section 3 proposes the novel “dual incentive
value-based paradigm”; Section 4 proposes a business study case, a hierarchical alliance
structure model to set the level for merchants and a new “newsvendor proble” profit model
to evaluate the profit; Section 5 makes experiments to prove that the new paradigm is more
profitable than the existing three paradigms and makes discussion and suggestions based
on experiment results; Section 6 concludes our paper.

2. Literature Review

Blockchain token is originated from Bitcoin. At the early age of the blockchain devel-
opment, the studies of the tokens are about the transcations of ICOs, such as the Bitcoin and
the Ethereum. The ICO is a method of generating tokens and raising funds. It can be traded
and liquidated as the currency. In February 2018, the Swiss Financial Market Supervisory
Authority (FINMA) released ICO guidelines [23]. However, with the development of the
ICO, more and more financial and economic problems are appearing, such as the scams
and the fraud. As a consequence, the design of the Bitcoin is only used to stimulate nodes.
Therefore, researchers design new tokens with incentive mechanisms in their customized
business blockchain. This is the origin of the blockchain token economy.

Currently, researchers conduct blockchain token economy studies on three aspects:
(1) the design of token’s incentive mechanisms; (2) the design of particular economic
scenarios; and (3) the relationship analysis between the ICO and the tokens.

The first aspect is the design of token’s mechanisms. These studies on the blockchain
token economy concentrate on how to design a token in detail and how to make token
valuable. Since the incentive mechanism determines the rule of obtaining the tokens in the
blockchain, some studies focus on designing novel incentive mechanisms. In these studies,
a well-designed incentive mechanism can make nodes obtain tokens equally. It should
also be able to control the circulation and balance the value of the token. Jung et al. [24]
set up three roles in the healthcare blockchain and two real-world business scenarios of
healthcare companies recruiting. In the scenarios, two economic models are set up by the
game theory to explain the novel incentive mechanism for controlling the token’s reward
and the recruitment costs. The result shows the novel incentive mechanism can control
them effectively. Drasch et al. [17] modeled a novel associated incentives on the token in a
business blockchain platform. Drasch et al. proposed a two-stage incentive at the stage
of platform development and platform operation. They use economic theory to analyze
that tokens can help to overcome the “chicken and egg” problem and lead to contradictory
incentives for platform participants. Takemiya [25] proposed a self-regulating token-based
economic system and a dual-token system with a novel incentive mechanism. The self-
regulating system is implemented through allocating votes in a Sybil-resistant manner. The
dual-token system is designed in economic theories. In the incentive mechanism, each
token’s users can obtain the other token by storing and servicing their tokens. This could
guarantee the users’ and the system’s benefit.

The second aspect is the design of particular economy scenarios. Generally, the
economy contains sub-classifications, such as the circular economy, the market economy,
and the government economy. In the blockchain token economy, different economies
increase the variety of token value. In the service of different blockchains, different tokens
can take different methods for nodes to obtain tokens. Therefore, researchers made studies
on new economic scenarios to increase token variety in recent years. Kim et al. [19]
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proposed a process for building a desirable model of a token economy. It can make a
sustainable growth. The sustainable growth of the token economy is implemented by
voluntary activities of participants and well defined economic models. It can increase
the participants’ interests and obtain sustainable profit growth. Kim et al. set up the
economic model by strategic managements and set up incentive mechanisms to support the
economic model on the token for a sustainable growing token economy. Narayan et al. [18]
proposed a tokenizing coopetition in the circular token economy. The circular economy
offers a way for businesses to conceptualize sustainable economic activity with a concern
for environmental and societal wellbeing. Narayan et al. set up circular models by using
competition to operationalize and optimize using tokens.

The third aspect is the relationship analysis between the ICO and the tokens. Except
the well-defined tokens in different business scenarios, ICO is also a type of token in the
blockchain. Therefore, a small number of researchers study the relationship between ICO
and the token. Tonnissen et al. [21] analyzed 195 ICOs and performed cluster-analysis in
order to identify three different archetypes. The archetypes are the pioneering model, the
expansion model and the authority model. They can offer research concerns on token-based
business models.

After analyzing the studies, the research of three aspects can be summarized into three
well-designed types: First, most of the studies on designing the incentive mechanism
set up economic models or theories to design a new incentive mechanism in the business
scenario; Second, most of the studies on the novel economic sub-classifications explain
the sub-classification. They use non-economic methods to model the sub-classification,
and use economic model to design the token in non-business scenario. Third, most of the
studies on the relationship between the ICO and the token introduce the combination of
ICOs and tokens without incentive mechanisms in the business scenario. Based on this, we
summarize the existing blockchain token economy literature into three paradigms. The
paradigm characteristics and disadvantages are as follows:

(1) Incentive-based paradigm:

The incentive-based paradigm concentrates on the design of the incentive mechanism
of the token and how to attain the best situation of maximum incentive effect:

* Incentive Mechanism: It aims to make the platform obtain maximum benefits or
make consumers cost minimum,;

¢ Token Design: It includes guidelines for the issuance, trading and functioning
of tokens;

¢  Token Visualization: It contains a flow chart or a sequence diagram to explain how
the token works;

*  Mechanism Feasibility Validation: It includes theoretical and experimental verification.

e  Practical Application: A healthcare blockchain system [24]. It models an incentive
mechanism of blockchain based on game theory and a mechanism design that recruits
participants through a health care blockchain platform in game theory. It proposes
three roles: participants, data recipients (companies) and data providers (health care
organizations). It also defines rules how roles can obtain tokens and represents a figure
to show the token visualization. Finally, it sets simulations to estimate the benefit
which the incentive mechanism can provide for users and the cost for the company.
Results show that the incentive mechanism can minimize the cost of the company and
stimulate users to join.

However, two disadvantages exist in this paradigm:

* Disadvantage 1: Few literature defines multiply roles. The current paradigm only
includes two roles such as the community and the participates (nodes). Therefore, only
the single incentive mechanism exist between the community and the participates.

* Disadvantage 2: No literature introduces the relationship between its token and ICO
or the currency. Therefore, the value of the token is virtual and can only be expressed
in their design.
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(2) New scenario-based paradigm:

The new scenario-based paradigm concentrates on how the token economy works
in a particular blockchain economic scenario, such as the circular economy and sustain-
able economy:

¢  Scenario Explanation: It explains the new scenario and the potential advantages of
token economy use in non-traditional scenarios;

¢  Token Design: It includes the effect of the token in their new scenario.

*  Theoretical model: Models for the new scenario that comes from any research field,
such as the collaborative, crypto-economic, and management models;

*  Research framework/flow: It includes two types: one does not contain the experiment
based on the theories; the other contains the experiment with the research flow same
as the incentive-based one.

*  Practical Application: A blogging and social networking website “Steemit”. It pro-
poses a sustainable growing token economy [19]. It sets up a strategic model using
cryptoeconomics and strategic management theories, which contains eight processes
to define the token. It shows the research flow by a sequence diagram and theoreti-
cal analysis.

The disadvantage for the paradigm is shown as follows:

¢ Disadvantage: No literature applies the paradigm in the business scenario, and no
literature defines roles. In a business scenario, multiple roles can be existing at the
same time. Therefore, the paradigm lacks the regulation and control effect on the
business market economy.

(3) Business schema-based paradigm:

The business schema-based paradigm introduces the application of tokens in the actual
business schema, such as the joint application of ICO and tokens. It also optimizes the
existing token economy system from the perspective of business economics and strengthens
the value of its token. Moreover, the relationship between suppliers and consumers in the
blockchain token economy is essential and needs to be considered:

*  Supplier analysis: Supplier is the most critical role. It defines token issuing rules and
using rules. This part contains the token’s design and value and basic information of
the supplier;

* Roles in the business schema;

*  Practical Application: A blockchain-based token business start-up ecosystem [21]. It
contains three roles: supplier, the network and participant. Suppliers work together
in order to define the value proposition for each participant. The ecosystem uses
theoretical analysis to show token visualization and mechanism feasibility.

Token visualization and Mechanism Feasibility Validation are the same with the
incentive-based paradigm. Business schema-based paradigm’s disadvantage is shown
as follow.

¢ Disadvantage: Although the tokens in the paradigm can be circulated as a currency,
no literature introduces the incentive mechanism. The value of the token in the
paradigm may gradually bubble, such as virtual token fraud.

In summary, existing paradigms lack multiple incentive mechanisms, business appli-
cations and the liquidity of tokens. The design of incentive mechanisms and the valuable
token determines consumers’ consumer willingness and the profitability of the entire
business market. Therefore, a novel paradigm with the multiple incentive mechanisms
of a valuable token is essential to improve the business market profit in the blockchain
token economy.



Mathematics 2022, 10, 439

6 of 24

3. Dual Incentive Value-Based Paradigm

In this paper, we propose a novel blockchain token economy paradigm called “Dual
Incentive Value-based paradigm”(DIV for short). To solve the disadvantages in the existing
paradigms and improve the profitability of the paradigm, the following parts are novelly
designed in DIV.

(1) Dual incentive effects by a token: Among different roles of the market, there
are dual incentive mechanisms. For example, the community stimulates suppliers, and
suppliers stimulate consumers by offering tokens in different periods.

(2) Entity value of the token: The token has strong liquidity and can be traded with
other real currency, such as the dollar.

(3) Liquidation of token: The token has a service period. The community will liqui-
date unused tokens at the end of each period.

(4) Hierarchical roles: Roles are hierarchical in DIV. Each role hierarchy can set up
multiple roles, and roles in the same hierarchy have the same functions and permission.

(5) Business study case: DIV should contain a suitable business case, and the case
needs to prove the profitability of DIV.

Thus DIV consists of four parts: Roles, token design, incentive mechanism design and
paradigm execution flow.

Roles:

(1) Initiator: The initiator is the creator of the blockchain token economy applied in
the paradigm. It is an authoritative organization or individual. It offers the authorization
of the alliance to stimulate suppliers to join in.

(2) Alliance: The alliance is similar to the “league” in the business scenario. It accepts
suppliers to join in. It also offers and liquidates the tokens to the members at each period.
The alliance obtains members” membership fees at the beginning of each period and
liquidates members’ unused tokens at the end of each period. Moreover, an alliance can
exist with more than one type of supplier simultaneously. For example, a shopping market
league can hold different shops, such as snack shops and fruit shops.

(3) Supplier (Member): The supplier is similar to the “merchant” in the business
scenario. If the supplier joins the alliance, it becomes a Member of the alliance and obtains
tokens from it at beginning of each period. Suppliers cannot obtain tokens from the alliance
if they do not join the alliance. Each member has a level that determines the number of
tokens they can obtain from the alliance. The level is based on some pre-defined rules.
Members offer their tokens to consumers to obtain more profits and consumers. Moreover,
members should pay the membership fee regularly to the alliance.

(4) Consumer: The consumer is similar to the “participant” in the blockchain. It can
obtain benefits from using tokens and taking part in members’ activities more. Moreover, a
supplier/member can hold more than one type of consumer simultaneously.

Token Design is as follows.

(1) Overview of the token: In the business market scenario, the token is similar to the
“voucher”. Members obtain tokens and offer tokens to consumers. Members should bear
the discount of consumers’ tokens, small profits but quick turnover. Moreover, members
can obtain profit from token liquidation. The authority of the token is from the initiator,
and the transactions of tokens are recorded on the blockchain.

(2) Token liquidation: In the business market scenario, to increase the liquidity of the
token, the alliance liquidates the unused tokens of members and gives compensation to
them based on their unused tokens numbers at the end of each period. In the blockchain,
the liquidation of tokens means a signal block with unused tokens information, which is
created and recorded on the blockchain.

(3) The representation of token’s value: The token can be used directly as a currency.
Therefore, it has strong liquidity and entity value than other tokens in the blockchain.
Moreover, the token can benefit all the roles in the paradigm. Consumers obtain discounts
from tokens. Members obtain more profit from offering tokens. The alliance obtains profit



Mathematics 2022, 10, 439

7 of 24

by obtaining membership fees from suppliers of the alliance. The circulation of tokens is
shown in Figure 1.

m create
Offer Offer

Alliance T Members

v v

) Liquidate Use

Customers

/

Figure 1. Circulation of tokens in the business-based paradigm. Tokens flow among the alliance, the
members and the customers.

Incentive mechanism design:
In the paradigm, two types of incentive mechanisms coexist, and both use only
one token.

*  The incentive between the alliance and the members: The alliance sets levels and
offers tokens to members. The profit of members increases by more consumers and
liquidating from the alliance. The profit of members increases by more consumers and
liquidating from the alliance.

*  The incentive between the members and the consumers: Members offer tokens to
consumers. Consumers obtain tokens and obtain discounts. Members need to bear
the discounts of consumers, acquiring small profits but quick turnover.

Execution flow:
The total execution flow of the paradigm is shown in Figure 2.

Initiator Alliance Members Customer

1. CreateAlliance

2. JoinAlliance

Recycle )] During Eagh|Period

3. Tokens

4. OfferToken

5. UseToken

6. Liquidate

7. ConfirmStates

P G -

8. ConfirmStates

€ - - - - - - L

Figure 2. Total execution flow of the dual incentive value-based paradigm. The initiator creates
the alliance. The alliance creates tokens and offers tokens to members at the beginning of a period.
Members join in the alliance and offer tokens to customers. Customer can use tokens in members.
When the period is over, the alliance liquidate all the unused token from members.

4. Study Case: A Business Blockchain Alliance for Improving Environment
and Profitability

In this section, we propose a business blockchain alliance study case for improving
environment and profitability (Env-profit for short) of DIV firstly. Then, we propose a
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theoretical analysis method to evaluate the profit of the roles in Env-profit. The route map
is shown as Figure 3.

]

Value creation network: Hierarchical alliance struc- New “Newsvendor prob- Theoretical :
analyze the main factor in —= ture model: set levels for - lem” profit model: esti- Analvsis :
Env-profit. merchants mate profits. ¥ '
________________________________________________________________________ ;

Evaluate role’s profit in our study Case}

........................................................................ .
1

Roles: Government, Busi- Env-profit :
ness Alliance, (Member- Token design: Voucher Dual-Incentive Mechanism Study Case :
ship) Merchant, Customer :

1

_________________________________________________________________________

Figure 3. Route Map of the Study Case Env-Profit.

4.1. Details of Env-Profit

The corresponding relationships between Env-alliance and DIV are shown in Table 1.

Table 1. Corresponding relationships between the case and the paradigm.

DIV Paradigm Env-Profit Case
Initiator Government
Alliance Business Alliance
Roles
Supplier/Member Merchant/Membership Merchant
Consumer Customer
Token's real value Use as a currency and can be liquidated
Design Multiple incentive effects (1) Business alliance offers vouchers to membership merchants.
p (2) Membership merchants offer vouchers to customers.
Token Token Voucher

In Env-profitt, the government builds up a blockchain-based business alliance to stim-
ulate merchants to improve air quality consciously. The business alliance is a decentralized
and autonomous organization. It provides a membership system that each merchant can
join the alliance. Each membership merchant has a level, which depends on the average
air quality of a period. The membership merchant can obtain vouchers from the alliance
as incentives based on its level. Moreover, each membership merchant should pay the
membership fee to the alliance regularly.

The voucher is the token of the blockchain alliance. It has a use period, such as a month.
It can be used as a currency for customers to obtain discounts. In Env-profit, the merchant
can choose whether to join the alliance or not. If it joins, it can become a membership
merchant. Moreover, only the membership merchant can obtain vouchers, and it should
afford the discount of vouchers. Despite this, the alliance also offers a liquidation system to
repurchase membership merchants” unused vouchers at the end of each period. Moreover,
because of the authority of the alliance, customers can visit more membership merchants.
In this manner, membership merchants obtain more customers and obtain more profits.

Customers are the users of vouchers, and they obtain vouchers from membership mer-
chants. Moreover, the alliance gathers many high-air quality merchants so that customers
will consume more in the league, which improves the profitability of the entire business
market. The summary relationship of roles in Env-profit is shown in Figure 4.
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Finally, dual incentive effects exist in the Env-profit. The first incentive effect is that
the alliance offers vouchers to membership merchants to improve air quality. The better
air quality the membership merchants obtains, the higher the level they can be. The more
vouchers they can have, the higher the profits they can have. The second incentive effect is
that the membership merchants give out vouchers to customers to consume more, then
membership merchants and the alliance can obtain more profits. Moreover, the voucher
makes the token more valuable. It can be used as money, and its value and liquidity

are shown.
Government E
lProvide authority
Business
Alliance '@I
Offer Vouchersl TLiquidation
Merchants A A Al Al
Wd | Wd | Wd | Wd |

Purchase Offer Vouchers

o W W W

Figure 4. Summary relationship of roles in the case. Customers, merchants, the business alliance

and the government are roles. The government provides the authority for the business alliance. The
business alliance offer vouchers to merchants, and merchants offer vouchers to customers. Customers
can purchase in merchants’ by vouchers, and at the end of the period, the business alliance liquidates
all unused vouchers from merchants.

4.2. Theoretical Analysis

In this section, we propose a theoretical analysis method to evaluate membership
merchants’ profit in Env-profit case. Firstly we set up a value creation network to analyze
the main factor. Then, we propose two economic models: one is a hierarchical alliance
structure model to set levels for merchants, and the other is a new “Newsvendor problem”
profit model to evaluate membership merchants’ profit.

4.2.1. Value Creation Network

We draw on the value net model concept, combine the value co-creation theory [26]
and conclude a novel value creation network [27]. It consists of six creation modules:
participants, external demand, value proposition, key business, core source and profit
schema. The relationship among the modules is shown in the Figure 5. The corresponding
relationships of the case is shown in the Table 2.

In Table 2, the level system effects the value proposition, key business and the core
source modules, which mainly controls the entire paradigm. Therefore, we conclude that
the level system is a significant model of the alliance; thus, we first set up the hierarchical
alliance structure model to set levels of membership merchants.
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Table 2. Corresponding relationship of the case in the value creation model.

Value Creation Model Modules Modules in the Case

Participants Merchants

Stimulate merchants by the level system and improve

Value proposition the authority of external demand

Key business Set levels of merchants’ air quality, give out and liquidate vouchers
Core source Voucher and authorize level system
Profit schema Collect membership fees

Profit
Schema

Suggestion

Value
Proposition

External
Demands

Core
Demands Source

Demand - -
Corresponding ~~~-_

Business

Figure 5. The relationship among value creation network model modules. The participant wants to
create value. It has external demands. External demands can be exchanged into value proposition
with receiving suggestions and demands. The value proposition is shown by the profit schema, the key
business and the core source. The profit schema and the key business with demand correspondingly
affect the participant’s value, and the core source determines the profit schema and the business effect.

4.2.2. Hierarchical Alliance Structure Model

The effect of the merchant’s level is shown in Figure 6, in which the membership
merchant’s score is transformed to the level. Three significant profit factors, namely the
membership fee, the traffic and the number of vouchers, are affected by the level. This
model sets up a rule to calculate membership merchants’ scores and determine their levels
in the alliance. The main steps are shown as follow:

We firstly need to find out all the corresponding qualitative and quantitative indicators;
Then, we set weights for each indicator;

Next, we calculate the scores based on the indicators” weights;

Later, we can set levels for membership merchants based on the score;

At last, we define other interactive functions in the Env-profit.

SUE I

(1) Set indicators: We set qualitative and quantitative indicators of membership
merchants that influence the level and is shown in Table 3. The quantitative factors are
more important than qualitative factors. Therefore, we set the weight of quantitative
indicators as 80% and the weight of qualitative indicators as 20%.

(2) Set weights: We use the “Analytic Hierarchy Process” (AHP) [28] to confirm the
weight of every single indicator.
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a. Construct the judgment matrix of indicators: The judgment matrix is denoted as

Xievel € R ™(n € ), and n = 8 in our case. XlL]w ., indicates the degree of importance
between indicator i and indicator j. The degree is shown in Table 4. Elements should follow

rule XIL]E el X X]Zével = 1. The final judgment matrix X; ., is shown as Equation (1).
11 2 2 4 4 3 5
11 2 2 4 4 3 5
1 1
? 2 11 2 2 2 3
5 5 1 1 2 2 2 3
Xrewr = [1 1 1 1 ¢y
117 2 1 1 1 2
3 3 5 1 1 1 2
1 1 1 1 1 1 ¢
5 5 3 3 2 2 2
Membership
Fee
f(x)
Air Quality | Modell g(z)
Level Traffi
(AQ) eve alllc
S z \
h(z)
Voucher
Amount

Figure 6. Importance of the merchant’s level. The membership merchants” air quality(shorten as
AQ) S can be exchanged into a level x by the hierarchical alliance structure model. Level x can be
exchanged to three key factors: the membership fee, the traffic of the membership merchant and the
voucher amount of the membership. The corresponding functions between the level and three factors
are defined as f(x), g(x) and h(x).

Table 3. Quantitative and qualitative indicators in the model.

Indicator Type Indicator Name Symbol
Average number of used vouchers X1
Average air quality X
Qualitative Average number of customers X3
Average number of obtained vouchers X4
Average number of membership merchants’ store visits X5
Type of membership merchant X6
Quantitative Merchant awareness X7
Reviews of membership merchant xg

b. Use root method to calculate indicator weight: We use the root method to calcu-
late each indicator’s weight as w; = {/ 7:1 le']ev .- Then, we normalize the element in

W = (wn,w,, W3, - -+ ,Wg) as w; = ﬁ and obtain the indicator weight vector Wy, of
i

Xl ever as Equation (2).

Wievel = (wl/ Wy, w3, - -+ ,ws)

2
= (0.246,0.246,0.13,0.13,0.067,0.067,0.073,0.041) @)
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Table 4. Degree explanation of the elements.

Degree of X; Explanation
1 The ith indicator is the same important with the jth indicator.
3 The ith indicator is more important than the jth indicator.
5 The ith indicator is strongly more important than the jth indicator.
7 The ith indicator is absolutely more important than the jth indicator.
2,4,6 Judgment median

c. Consistency test: We define the consistency indicator as C(I), the average ran-
dom indicator as R(I) and the consistency ratio as C(R). The corresponding relation-
ship between n and R(I) is shown in Table 5, and Equation (3) shows the calculation of
C(R). If C(R) < 0.1, the judgment matrix X| ., passes the consistency test. C(I) = 0.05,
R(I)y=g = 1.41, C(R) = 0.035 < 0.1 and Wy, pass the test. Thus, the weight of indicators

is Wi epel-
[ E
W = R = T ©
Table 5. Relationship between indicator amount and R.L
n 1 2 3 4 5 6 7 8 9 10

R.L 0 0 0.52 0.89 1.12 1.26 1.36 1.41 1.46 1.49

(3) Calculate scores: This step contains a quantitative judgment model and a qualita-
tive model to calculate the final score for membership merchants and set the level. In the
quantitative judgment model, three parts are needed:

a. Confirm the quantitative indicators and judgment set: The quantitative indi-
cators set is Setgua, = {x1,X2,x3,x4,X5}. We define the quantitative judgment set as
Y = {Excellent, Good, Medium, Pass, Fail }, and the max rating score is 100. Based on the
80% weighting, the reference table between the score and the quantitative judgment set is
in the Table 6.

U 0 (Ui < Ujj-1, u; < Ml‘,]‘+1)
i~ 1
L") (ui/]«,l <U; < ui]') 4)

(uij < U; < ujj)

1’1']‘ = Ujj 1 —Ujj
ujj—U;

Wij—HUj 1

Table 6. Judgment-Score reference table.

Judgment Excellent Good Medium Pass Fail
Score (65, 80) (49, 64) (33, 48) (17, 32) (1, 16)

b. Confirm the indicator fuzzy judgment matrix: The judgment-indicator table is
shown in Table 7, and each quantitative indicator owns a judgment score p;. We define
the indicator scoring vector Pg,an = {p1, P2, P3, P4s pg,}T and the indicator fuzzy judgment
matrix Rguan = (7i) 5. 5 1ij means the membership degree of grade jth judgment for the
ith indicator. Then, we define U; as the real value of each indicator, and ujj as the value
border of each judgment for each indicator. The relationship among r;;, u;; and Uj; is in
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Equation (4). For example, the real value of indicator x; is 450; thus, the U; of x; is 450,
according to the Table 7; the score p; is 64; and 117 is 500, u15 is 300, 11 is 0.25 and 71, is 0.75.
Each merchant has an indicator judgment fuzzy matrix Rgy,, according to its situation.

Table 7. Judgment-indicator table.

Indicator Excellent Good Medium Pass Fail
(65, 80) (49, 64) (33, 48) 17, 32) (0, 16)

x1(amount) >500 [300,500] [150,300] [50,150] <50
X2 (AQI) <40 [40,60] [60,90] [90,150] >150

x3(amount) >1000 [500,1000] [200,500] [50,200] <50

x4(amount) >750 [450,750] [200,450] [75,200] <75
x5(amount) >3000 [1500,3000] [500,1500] [100,500] <100

c. Calculate the quantitative score with quantitative indicators weight: With the
combination of W4, , RQuan and Py, , the final quantitative score Scoregyq, is as follows.

ScoreQuan = WQuan X RQuan X PQuzm

M T2 "3 Tia 115

To1 T2 T23 T24 725 (5)
= (0.246,0.246,- - ,0.067) | r31 132 133 raa 135 | (P12 p3 pasps)”

T41 T4y 743 Ta4 V45

rs1 Ts2 753 Ts4 155

In the qualitative judgment model, due to the uncertain value of qualitative indicators,
the judgment of qualitative indicators should be signed manually. Each customer can give
each merchant a score in x7, xg and xg indicators and the total score of each indicator is 100.
Due to the extreme scores, we calculate the average top 25% to 75% customers’ scores of
each indicator and obtain a customer score vector Cp,, = (Cxyr Cxg, Cx9)T. If a membership
merchant has less than 50 customers’ ratings, its qualitative score would be Scoreg,,; =
0.255coreq,an- Based on the weights in Wi, the weight vector of qualitative indicators
Wouar is (0.067,0.073,0.041), and the qualitative score is Scoreg,,r = Couar X Wouar- Thus,
the total score of a membership merchant is Scorer;,, = 0.25coreq, 1 + 0.85coregya,-

(4) Set levels: In Env-profit, we set that only the merchant’s air quality is better than 70,
and the merchant can enter the alliance. We set a score ranking-level table for membership
merchants in Table 8. The hierarchical alliance structure model offers researchers reference
on setting levels for an alliance.

Table 8. Ranking-Level table.

Ranking Top 5% Top 5% to15% Top 15% to 35% Top 35% to 65% Bottom 35%
Level 5 4 3 2 1

(5) Definitions of othe interactive functions in the Env-profit: We define some basic
functions of the Env-profit. Based on Figure 6, we define the membership fee of merchants
as Feepper(Levelpse,), the traffic of merchants as Traf faer(Levelpsr) and the number of
vouchers for merchants as Voucher e, (Level prer ).

The traffic of merchants in the case is affected by merchants’ levels and the incentive
of vouchers. Agarwal and Qian [29] propose a study that MPC (Marginal Propensity
to Consume) [30] of giving vouchers can rise 15% to 40%. In Env-profit, we set that
membership merchants of Level 1 can obtain a 15% increase and membership merchants of
Level 5 can obtain a 40% increase in traffic based on [29]. In addition, merchants cannot
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increase the traffic. We make a logarithmic fit on the function of Level-Traffic increase, and
it is shown in Equation (6). We obtain the traffic increase rate of each level in Env-profit in
Table 9.

Traf fper (Levelpge,) = 0.2361n(Level pger +1.129) +0.971  Levelper = 0,1,2,3,4,5  (6)

Table 9. Relationship between traffic increase rate and level.

Level 0 1 2 3 4 5

Traffic increase rate
(new traffic/old traffic)

1 1.15 1.24 1.306 1.357 1.4

4.2.3. New “Newsvendor Problem” Profit Model

We introduce an alliance and the level system in the DIV to promote customers’ con-
sumption and increase profits of membership merchants. Therefore, we need to propose a
novel profit model to reasonably estimate profits of membership merchants. “Newsvendor
problem” [31] is a typical single-cycle storage problem in operations research. In Env-profit,
membership merchants are similar to the newsvendors, and vouchers are similar to the
newspapers. Therefore, we propose a new “newsvendor problem” profit model based on
Env-profit to calculate the membership merchants’ profits. In the DIV, the number of the
customers is uncontrolled and essential to the membership merchants’ profits, and other
factors such as the discount and repurchase rate are controllable. Therefore, the objective of
the model is to find the number of customers when a merchant can make the most profit.

Problem Description: A membership merchant has Q vouchers at the beginning of
the period. During the period, r customers have used the voucher in the membership
merchant. At the end of the period, the alliance repurchased the unused vouchers as u
dollars per voucher.

Problem Denotation: We have the following denotations in this problem:

e  The possible value of r is denoted as 7}, (j=12,...,n);

¢  The membership merchant’s average cost is denoted as c;

e The average selling price is denoted as p, (1 < ¢ < p);

*  The membership fee of membership merchant is denoted as f(x);

* the discount of a voucher is denoted as 4%, and it is given;

e The probability of r is satisfied with P(rj): 0< P(rj) <1L,Y,, P(r)=1

Problem Objective: The objective of the problem is to obtain the best value of Q when
the membership merchant can obtain the most profit.

Solving: We firstly calculate the expectation of membership merchant’s normal profit
without repurchasing E(R(r)) and the profit of repurchasing E(Ry(r)). Then, we calculate
the accounting profit expectation of a membership merchant W(Q). Next, we divide W(Q)
into a constant and a new function F(Q), and we use the differential to find the extreme of
F(Q). After our analysis, the extreme of F(Q) is the best value of Q.

Set membership merchant’s normal profit without repurchasing R(r) as follows.

R(r>:{r>Q:p-a%-Q+(r—Q)p @)

r<Q:p-d%-Q

The expectation of membership merchant’s normal profit without repurchasing E(R(r)) is
the following.

E(R(r)) =Y R(r)P(r)=p- Z(;g[r +Q(d% —1)]P(r) + p - d% ZQrP(r) (8)

Set the profit of repurchasing R, (r) as follows.
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o r>Q: 0
R”{7<Q: (Q—1)u ©)

Moreover, the expectation of the profit of repurchasing E(R,(r)) is E(R,(r)) =

Y Ru(r)P(r) = u-Y¥,<o(Q — r)P(r); thus, the total profit expectation for a membership
merchant in a period is as follows.

Y [R(r) + Ru(r) =Y R(r)P(r) + ) Ru(r)P(r) (10)

The explicit cost expectation of the membershlp merchant at each period is cr + f(x);
thus, the accounting profit expectation of a membership merchant W(Q) is as follows.

W(Q) =} [R(r) + Ru(r)]P(r) —cr — f(x)

:p-Z[r—i—Q-(d"/o—l)]P(r)+p-d°/o~ZrP(r)—i—u-Z(Q— r
r>Q r<Q r<Q (11)
=[p-d% Y rP(r) — f(x) —cr] — (Q —r)[p(1 — d%) ZQP(r) —u- ZQP r

Set F(Q) = (Q —7)[p(1 —d%) - ¥y~ P(r) —u- P(r)], because }_rP(r) is the expecta-
tion of r, and p, d%, f(x), c and r are all constant values. We set Cons = p - d% - Y rP(r) —
f(x) — cr; then, we obtain W(Q) = Cons — F(Q). The goal of the model is to find the
maximum value of W(Q), and because of the finite number of values for r and Q, the
maximum of W(Q) and the minimum of F(Q) must be existing. Cons is a constant value;
thus, the maximum value of W(Q) is in the situation that F(Q) is at the minimum value. To
find the minimum of F(Q), we set F(ry,) = min{F(r;) | j=1,2,---,n}(1 <m < n) and
consider the differences of AF(Q) of F(r) = F(Q). We set ryyo > 141 > 1y; thus, the
following is the case.

AF(Q) =AF(rj) = F(r j+1 - j)
= =r)lp (1=d%) - Y P(r)—u- Y P0) -
r>Ti r<rj

Using ooy, P(r) = 1— ey P(r), AFQ) = (rjss = 1)lp - (1 d%) + ]
(E’>’/+1 P(r) — p(l—zw)' Since rj11 > 7j,[p- (1 —d%) +u] > 0, when Yrstii P(r) <
m AF(Q) < 0, F(Q) is decreasing, and when Yrsrip P(r) > m,
AF(Q) > 0, F(Q) is increasing. Thus, when Yoy P(r) = m, F(Q) has a

minimum. Thus, the best value of Q that can make the most profit is the following.

u
Q={rl L PO = i—my v 13)

The final profit of membership merchant Profity,, is the following.

Profitprer = p-d% - Y rP(r) —cr — f(x) (14)

As long as the profit at Q for membership merchants is more than the merchant’s, the
paradigm is usable and profitable. Thus, we make simulations to show the results of the
model more accurately in Section 5.

5. Experiment

In this section, we make simulations to prove the profitability of DIV. Our codes for all
experiments are available at https:/ /github.com/NEUSoftGreenAl/DIVEconomicBlockchain
accessed on 28 January 2022.
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5.1. Setup

Environment: The hardware environment contains: an Intel Core i7-8750H CPU, 8G
memory and a 240G hard disk. The software environment is as follows: Windows 10 and
Jupyter Notebook under Python 3.8.

Simulations: We set up two simulations based on the Env-profit:

1. The first simulation proves membership merchants can obtain more profits
than merchants.

2. The second simulation proves DIV is more profitable than the incentive-based, new
scenario-based and business schema-based paradigm. The new scenario-based
paradigm lacks business application, and Env-profit has solved the disadvantage.
The business schema-based paradigm lacks the incentive mechanism; thus, it has
no incentive. The incentive-based and the new scenario-based paradigms have a
single incentive. Therefore, we compare merchants’ profits among dual, single and no
incentive scenarios. In the second simulation, we set up two single incentive scenarios
based on the dual incentive paradigm:

*  Air Quality Evaluation incentive (AQE for short): In the AQE scenario, the
government directly offers tokens to stimulate merchants based on their air
quality. No customers in the scenario. The government and the alliance are the
same role. Merchants can obtain tokens to exchange money from the government.

. Merchants” Voucher incentive (MV for short) scenario: In the MV scenario,
merchants directly offers vouchers to stimulate customers to consume more. No
government and alliance in the scenario. Merchants need to bear the discount of
vouchers and small profits, but it has quick turnover.

Assumptions: We have following assumptions in the experiments:

e Each period of Env-profit is a month. The merchants who are not in the alliance can
obtain 1000 customers per month. The average sale price is 100$ and the average cost
is 50%.

*  The number of merchants’ customers r obeys standard normal distribution and the
expectation is 1000 for merchants not in the alliance. For membership merchants,
the expectation of r is based on the level of merchants. The relationship between
merchants’ expectations and the level is shown in Figure 7.

e The discount of a voucher is a fixed rate to the selling price as d%, and the repurchase
money of each unused voucher is also a fixed rate to the selling price as rp%. In the
first simulation, we set d% = 2.5%, 5% and 10% as a precondition.

*  The variance of r is 0, the expected number of customers for a merchant is Customergyy,
the z-score for r is z and the amount of voucher Vouchery,,, that a membership mer-
chant obtains is Voucher i, (Levelpte;) = Customergy, + 0 - z.

Baseline The situation of merchants in the no incentive and dual incentive scenarios
is the baseline. The baseline number of customers is 1000, the baseline profit of the alliance
is 0% and the baseline profit of a merchant is 50,000$.

Test Case Design: In the two simulations, we set up seven test cases as follows, and
the result of each test case is analyzed from Sections 5.2.1-5.2.7:

Test Case 1: In the first simulation, when d% = 5%, we compare the profit in dif-
ferent o and rp% to analyze the impact of the number of customers on membership
merchants’ profits.

Test Case 2: In the first simulation, when d% = 5%, we analyze the relationship
between rp% and ¢ to obtain a suitable range of .

Test Case 3: In the first simulation, when d% = 5%, we estimate profit comparison for
merchants of different levels and r to prove that the profitability of DIV can increase as the
level and r increase.

Test Case 4: In the first simulation, when d% = 5%, we evaluate the expected profits
for alliance and membership merchants to prove that both the alliance and the membership
merchants can obtain more profits than the baseline.
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Profit,, — Voucher pger > Customer,eq : (50 — 100 - d%)Customer,oq; + 100(Voucher yey — Customer,oq;) - rp%
real =\ Voucher ey < Customer gy : (50 — 100 - d%) Voucher yjey + 50(Customer,yg — Voucher )

Test Case 5: In the first simulation, when d% = 5%, we estimate the expected profit of
membership merchants in different levels and rp% to validate that the DIV’s profitability is
more than the baseline’s roundly.

Test Case 6: In the first simulation, we compare the value of o when rp% = 2.5%, 5%,
10% to explain that the suitable value of 4% is 5%.

Test Case 7: In the second simulation, we compare alliance and merchant’s expected
profit at the same d% and rp% under four scenarios (no incentive mechanism, AQE, MV
and Dual). We change the level of merchant to prove that the profitability of dual incentive
scenario is better than other scenarios’.

Metrics: In the first simulation, based on the assumptions and baseline, if a customer
uses the voucher, a membership merchant can earn 50-100-d%$. If a voucher is repurchased,
the merchant can obtain 100 - rp%$ profit. We set the actual number of customers for a
merchant as Customer,,,, and the actual profit of a merchant in the alliance Profit,.;; is
the following.
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Figure 7. The relationship of merchants” expectation and level. The corresponding merchants’
expectations from Levell to Level5 are 1150, 1241, 1306, 1357 and 1400.

In Section 3, we experience the situation in which the merchant can obtain the max-
imum profit in Equation (13), as we assumed that the repurchased money u is 100 - rp%,
and p is 100. Therefore, the formula can be simplified as follows.

_ _ 100 - rp% _ rp%
Q=1{r| ). P()= 100 (1 —d%) +100-rp% 1 —d% +rp%

r>Ta1

} (16)

Since Yrvr, ., P(r) + Xy<y, P(r) = 1, Loy, P(r) = #‘iﬁ’p%, the z-score z of
r can be obtained from the standard normal distribution table. The variance ¢ of r is
calculated by the baseline situation.

50000—Custoggr.;epa;o(SO—100~d%) _ Customergxp
o= (17)
z

In addition, the profit of the alliance is denoted as Profit4;. It is the sum of the
membership fees and minus the cost of repurchasing the vouchers. We set the membership
fee as Feepjer (Levelpger) = 0.5 -7 - Level (Level =1,2,3,4,5).

In the second simulation, we set the profit and the number of merchant’s vouchers in
the AQE scenario as Profit sor and Voucher ogg, and those in the MV scenario as Profitry
and Vouchery. In the AQE scenario, we assume that the profit of tokens for merchants is
Profitagp = 50,000 +d% x Voucher oo x 100. We define Voucher oo = 200Level (Level =
1,2,3,4,5). In the MV scenario, we set that the number of vouchers of a merchant obeys all
assumptions. Therefore, the equation of Profityy is as follows.
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Voucherpy > Customer,oq : (50 — 100 - d%) - Customer pq

Voucherpry < Customer,eq : (50 — 100 - d%) - Voucher gy + 50(Customer gy — Voucherpyy ) (18)

Profityyy = {

5.2. Results

In this section, we show the experiment results of the seven test cases above.

5.2.1. Test Case 1: Result

In the first situation, we set the default level as Level 1. When d% = 5%, Figure 8
shows the membership merchants” expected profit comparison when ¢ is from 50 to 800
and rp% = 10% ,15% and 20%. It shows that when ¢ increases, the membership merchant’s
profit also increases. Moreover, with the increase in 7p%, the membership merchant can
reach the baseline at a minor . The larger ¢ indicates that the number of customers is more
unstable. The larger rp% indicates the profit of the alliance reduces. Therefore, a suitable ¢
and rp% is critical for both alliance and membership merchants.

P
o
60,000 A */+/ ‘,.
o + l/' baseline
@ 7%/#(/././ ‘,A
p=10
& 55,000 Lt At A |
8 */.I ‘,A’ rp=15
A, + [ A
/+/¥‘., ,kA rp=20
50,0001 o-22¥ 24 0-0o-o-o-o000ee
L, A
e

200 400 600 800
Variance(o)

Figure 8. Profits comparison for different o and rp%.

5.2.2. Test Case 2: Result

Figure 9 shows the relationship between rp% and o when rp% is from 5% to 20%.
It shows that when rp% rises, ¢ decreases slower and slower. The expectation of r for
membership merchants in Level 1 is 1150. The membership merchant should ensure that the
maximum fluctuation is not more than half of our expectations. It means 20 < @ = 575,
o < 287.5; thus, rp% < 10% is unsuitable. We set rp% as 10% to 20% in the following analysis.

500
b 400

300 4

Variance

200

100 -

0.05 0.10 0.15 0.20
Repurchase rate of the voucher (rp%)

Figure 9. Relationship between rp% and ¢.
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5.2.3. Test Case 3: Result

Figure 10 shows the membership merchants’ expected profit in different levels when
7p% is from 10% to 20%. When the level rises, the profit of the same rp% also increases.
Moreover, when the number of customers is the same as the baseline, membership mer-
chants are also more profitable than the baseline. Figure 11 shows the relationship between
r and membership merchant’s profit when rp% is 10%, 15% and 20%. It shows that the
profit increases in different rp% when r increases. When r > 1000, the profit is higher
than the baseline in any rp%. Moreover, we can conclude that each line in Figure 11 has
a turning point. The bigger rp% is, the fewer vouchers merchant can obtain. The fewer
profit merchants get, the earlier the turning point appears. Figures 10 and 11 validate the
expected result that DIV is more profitable than the baseline when parameters are fixed at
level-profit and r-profit.

55,000 1 e
+1 a
54,000 A
/—\O ' */+ I’." Level 2
& + Tl A
Eals,ooo- R e u Level 3
e e
- _
£ 52,000 e Ak Level 4
- At Level 5
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50,000 1
0.05 0.10 0.15 0.20

Repurchase rate of the voucher (rp%)

Figure 10. Merchants’ profits comparison in levels and rp%.
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Figure 11. Profits comparison for merchants in r and rp%.

5.2.4. Test Case 4: Result

Figure 12 considers the alliance’s profit and shows the expected profits for the alliance
and membership merchants. The membership merchant’s profit here is below the baseline
of 50,000, and the alliance’s baseline profit is 0. We can conclude that membership merchants
and the alliance can all obtain more profits than the baseline in expected situations. The
higher the membership merchant’s level is, the more profit the membership merchant and
the alliance can obtain.



Mathematics 2022, 10, 439

20 of 24

12,500 a
10,000 1 L
D A
TJ/ 7)()() .7 Alliance
b= o
£ 5,000 -a- | Merchane
A
2,5004 -
' A
R e S
1 2 3 4 5

Level

Figure 12. Expected profits for alliance and merchants.

5.2.5. Test Case 5: Result

Figure 13 shows the expected profit of merchants in each level (we set the baseline as
Level 0) and expected r. It shows that the profit of membership merchants can be improved
from 51,612.5 to 66,000. It is 3.2% to 32% more than merchants who are not in the alliance.
In our case, all membership merchants can earn more profit. Therefore, the novel paradigm
is more profitable than the baseline.

60,000
557,500
=
m =44
S 55,000
o
52,500
50,000
0 1 2 3 4 5
Level

Figure 13. Expected profits of merchants in levels and rp%.

5.2.6. Test Case 6: Result

Figure 14 represents the value of o when rp% is from 10% to 20% and d% is 2.5%, 5%
and 10%. It shows that when d% is too tiny(d% = 2.5%), ¢ is very small even negative,
which means that the discount of the voucher is too small and membership merchants
do not use enough vouchers and even do not need vouchers to obtain the baseline profit.
Therefore, we conclude that when ¢ is too small, and the incentive mechanism is useless.
Moreover, ¢ is very large when d% is too large(d% = 10%). It means that the discount
of the voucher is so big that membership merchants need many vouchers to reach the
baseline, and the fluctuation in the number of customers is large as well. However, we have
analyzed that o is less than 287.5 in Section 5.2.2. When d% = 10% and rp% = 20%, o is
still more than 287.5. Therefore, the situation of 4% = 5% is more suitable than d% = 2.5%
and d% = 10%. A suitable d% is needed in DIV.

5.2.7. Test Case 7: Result

In the second simulation. We calculate the expected profit of each merchant and the
alliance of four scenarios in different levels. Based on the first simulation, we set d% = 5%,
rp% = 10%, and the value of r is the expectation of different levels.

Figure 15 shows the alliance’s profit from one merchant in four scenarios. As men-
tioned, there is no alliance in the MV scenario and no incentive scenario. Therefore, their
alliance’s profit is zero. The alliance’s profit in the AQE scenario is negative. It decreases as
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the level increases, because the token profits of merchants in the AQE scenario is from the
alliance. Therefore, the AQE scenario is not profitable for the alliance. It is not suitable in
the business market either. The profit in the dual incentive scenario is positive. It increases
as the level increases. Therefore, only the dual incentive scenario can make profits for the
alliance. The dual incentive paradigm is friendly relative to large alliances and governments
in the business market.
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Repurchase rate of the voucher (rp%)
Figure 14. The value of ¢ in different rp% and d%.

Figure 16 shows the merchant’s profit comparison of four scenarios in five levels. We
can conclude that the profit of the AQE, MV and dual incentive scenario can increase as the
level increases. Moreover, the profit of the dual incentive scenario is the highest in each
level. The result is in line with our expectations.

To sum up, DIV is more profitable than the baseline and all existing blockchain token
economy paradigms. DIV is the most suitable paradigm in business blockchain token
economy scenario at present.
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Figure 16. Merchant’s profit comparison of four scenarios.
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5.3. Discussion and Suggestions

Based on the experiments, we can conclude that the DIV paradigm can be more
profitable than other paradigms in the Env-profit case. In our analysis, the alliance and
the customers are the two essential roles in the DIV paradigm. The alliance offers the
second incentive mechanism to the merchants. The merchants receive the second incentive
mechanism and offer more tokens to customers. Therefore, the customers can obtain more
tokens and consume more and increase market profitability. There are two reasons why
existing paradigms are less profitable than the DIV paradigm: (1) The business schema-
based paradigms and the incentive-based incentive lack the role of alliance, which lack
the second incentive mechanism. (2) The new scenario-based paradigm lacks business
applications, which lacks dual incentive mechanisms in the business scenario. Overall, the
DIV paradigm is the most profitable paradigm in our case. It implements the exchange
between the currency and the token by suitable incentive mechanisms in the business
scenarios. Moreover, it increases the liquidity and the value of the token.

Currently, people’s enthusiasm on ICOs increased, but the value of ICOs is being criti-
cized. We suggest that the ICO market can be applied the DIV in future. DIV can provide a
complete set of ICO acquisition, ICO repurchase and the ICO transaction process. Therefore
the value of the ICO is guaranteed and supervised by the DIV paradigm. The authority,
liquidity and credibility of the ICO are also guaranteed. Moreover, we set up a business al-
liance in the Env-profit, and the business alliance can hold different merchants. We suggest
that a blockchain token league can be founded in the real blockchain economy. Different
tokens and ICOs can be traded and exchanged as currencies in the league. Moreover, the
league can design novel cross-chain tokens and implement the cross-chain transactions of
the tokens. However, the transformation rules of different ICOs and tokens and the suitable
incentive mechanism to obtain different ICOs and tokens should be well designed.

6. Conclusions

The blockchain token economy has played an essential role in the business market. It
increases the economy’s security and strengthens the marketization of resource allocation.
The incentive-based paradigm, the new scenario-based and the business schema-based
paradigm are existing blockchain token economy paradigms. They lack the incentive
mechanism, the business application and the token’s liquidity. They can maximize the
consumers’ willingness to consume, but they can also decrease the profitability of the entire
business market. In this paper, we propose a “Dual incentive value-based” paradigm (DIV),
including roles, token design, incentive mechanism design and execution flow. Then, we
propose a business study case called “Env-profit” based on the DIV paradigm. We propose
a hierarchical alliance structure model and a new “newsvendor problem” profit model in
Env-profit and set up two simulations to prove the profitability of DIV. The results show
that the alliance of the DIV paradigm can make all the members be more profitable than
those not in the alliance, and the DIV paradigm can be more profitable than other three
existing paradigms. Based on the results, we analyze that the alliance provides the second
incentive mechanism in order to stimulate customers to consume and profitability increases.
Existing paradigms all lack the role of alliance so that profitability is less than the DIV
paradigm without the second incentive mechanism. Overall, the DIV paradigm set the
incentive mechanism to obtain tokens. The tokens can be liquidated, used and traded
as real currencies. It increases the value of the token and market profitability. Moreover,
the DIV paradigm will be widely used in the business blockchain, which can offers new
research directions for researchers. For example, the ICO market can be applied the DIV,
and a blockchain token league containing different tokens and ICOs can be founded in the
real blockchain economy.

In addition to profitability, risk assessment is also an essential part of economic theory.
In this paper, we focus on dual incentive mechanism research and do not consider the risk
control mechanisms. In the future, if there are risks in the DIV environment, the methods
for strengthening the risk avoidance ability of the DIV paradigm will be our novel research
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priorities. We believe that the DIV paradigm can be the leader in blockchain token economy
study, and the blockchain token economy will be the mainstream in the token economy:.
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