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Thesis Abstract

Online intermediary plays an important role in e-commerce nowadays.
Traditionally, it serves as a merchant buying goods from manufacturers and reselling
them to consumer. With the development of technology, more and more intermediaries
choose to become platforms referring consumers to sellers. As there are more than one
potential business models exist, it is critical for an intermediary to decide which model
to adopt.

To address this question, we establish a game-theoretic model with an
intermediary and multiple manufacturers competing in selling heterogeneous products.
The intermediary has the options of (1) playing the role of a merchant and buying goods
from the manufacturers and (2) being a platform and allowing manufacturers to reach
end consumers through it. The key difference between the two models is a merchant
has the power to set the retail price, while a platform does not.

Our analysis indicates that as the heterogeneity among products decreases, either
at the production or the consumer side, the intermediary prefers the platform model to
the merchant model. Nevertheless, if the products are highly distinct, the merchant
model will be a better choice. Moreover, we further study the mixed model that
combines both the merchant and platform models. Considering the first-mover
advantage, the intermediary should adopt the platform model for the cost-effective
manufacturer as his product owns greater commercial potential. On the other hand, we
investigate the implementation of the platform model with revenue sharing. Restriction

of high price hurts the intermediary's profit when the product similarity goes up.

Keywords: Online intermediary, Two-layer supply chain, Two-sided platform, Game

theory
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Chapter 1

Introduction

1.1 Background and motivation

The exponential growth of the Internet is an influential and important issue that brings
new thoughts of managerial strategies in commerce. For instance, eBay, as a repre-
sentative success of the dot-com bubble, is famous for its C2C (customer-to-customer)
auction-type sales. Taobao, founded as an online platform that allows people to trade
on, is now one of the most influential marketplace in the world. They revolutionize the

way businesses happen and give the general public a playing ground for their market.

eBay, Taobao, and many C2C marketplace are well-known as two-sided platforms.
Ryan et al. (2012) define the platform model as “control of the goods is left to the seller,
and the intermediary simply matches buyers with sellers.” In other words, a platform
does not own the products sold through it. Instead, it provides referrals for the engaged

sellers to reach consumers. Consequently, the product prices are set by the sellers. On
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the contrary, in the traditional supply chain model, which is called the merchant model
in this study, a retailer buys products from manufacturers, keeps them as inventories, and
resells to consumers. Apparently, by having the ownerships of the products, the retailer

set retail prices to maximize its profit.

As there are more than one feasible business models of the online selling business,
an important issue naturally arises: which model to adopt to maximize the online chan-
nel owner’s profit? In this study, we look for critical factors one should consider when
deciding which model to adopt. As the owner of the online channel may be a retailer,
a platform, or a mixture, in this study we will follow the economics literature to call it
an online intermediary. We investigate the strategic impacts of an intermediary on an
online market. In particular, we concentrate on the impact of the intermediary’s model

selection on the industry structure, pricing decisions, and competition intensity.

1.2 Research objectives

To address our research question, we construct a stylized model with an online inter-
mediary and several manufacturers producing and selling heterogeneous products. The
intermediary has the options of (1) playing the role of a merchant and buying goods
from the manufacturers and (2) being a platform and allowing manufacturers to reach
end consumers through it. By being a merchant, the intermediary sets product prices
with regards to the wholesale prices set by manufactures. In contrast, by adopting the
platform model, the intermediary sets up a transaction fee, which will be considered by

manufactures when setting their retail prices. By referring consumers to manufacturers,
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the intermediary shares a part of sales revenues from manufacturers. The problem is
more complicated when we take the heterogeneity of manufacturers and products into
consideration. The main research question is the intermediary’s model selection problem:

Which types of model is more beneficial?

1.3 Research plan

The remainder of this study is organized as follows. In the next section, we review some
related works with respect to e-tailers, platforms, and referrals. Then we develop a game-
theoretic model to describe the interaction among the intermediary and manufacturers.
We first analyze the market equilibrium under each of the two business models and then
discuss the intermediary’s model selection problem. The last section summarizes our

findings. All proofs are in the appendix.
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Chapter 2

Literature review

2.1 E-tailers

Direct sales of suppliers through online websites and delivery service to end consumers has
been widely discussed in academic research. Tsay and Agrawal (2004) notice that channel
conflicts occur due to the fact that a supplier may compete with its consumer in the
environment of direct channel. Balasubramanian (1998) models the competition between
direct Internet marketers and conventional retailers. Chiang et al. (2003) and Yoo and
Lee (2011) compare the traditional channel, direct channel, and dual-channel considering
the impact of consumer acceptance and conclude that direct marketing reduces system
inefficiency. Wu et al. (2015) examine the condition for exclusive or nonexclusive referrals

to retailers.

Balasubramanian (1998) analyzes the competition between direct Internet marketers

and conventional retailers. The author considers a model consisting of circularly located
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consumers, retailers and a direct marketer. In a setting where consumers have complete
knowledge of product availability and prices in all channels, each retailer competes with
the direct marketer rather than neighboring retailers. In contrast, in a setting where the
direct marketer may control the level of information in the marketplace, it is shown that

providing information to all consumers may be suboptimal under some circumstances.

Chiang et al. (2003) look into the supply-chain design considering a dual channel,
direct sales and retailer channel, especially focusing on the impact of customer acceptance
of the direct channel. They show that direct marketing reduces system inefficiency by
alleviating double marginalization in equilibrium. In addition, they conclude that the
introduction of the direct channel will be accompanied by a wholesale price reduction,

which benefits the retailer.

Tsay and Agrawal (2004) notice a “channel conflict” on a supply chain when a supplier
considers establishing a direct channel and therefore competing with her reseller. In order
to coordinate the channel, they evaluate three distribution strategies: (1) only reseller
sales, (2) only direct sales, and (3) both channel types. They compare the three strategies
with a benchmark system which is centrally controlled. It is found that the addition of a
direct channel alongside a reseller channel is not necessarily detrimental to the reseller.

In fact, it may make both parties better off in some cases.

Yoo and Lee (2011) focus on the competition between direct marketers and their
retailers with heterogeneous consumer preference for using the Internet channel. They
build a model based on Balasubramanian (1998) to analyze the impact of the mixed
channel structures under diverse market conditions. They show that, in equilibrium, the

introduction of an Internet outlet leads to ambiguous effects on retail prices depending on
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the channel structure. Furthermore, they conclude that under certain market conditions,

an independent retailer might become worse off by adding its own Internet channel.

Wu et al. (2015) investigate whether it is an equilibrium for the manufacturer to refer
consumers exclusively to a retailer or nonexclusively to both retailers in a market with one
manufacturer and two heterogeneous retailers. They suggest that if the referral segment
market size is sufficiently high, the nonexclusive referral is the equilibrium because the
benefit of a bigger demand surpasses the loss of double marginalization deterioration.
Otherwise, the exclusive referral is the equilibrium choice and the manufacturer would

refer consumers to the more cost-efficient and smaller retailer.

While this stream of literature focuses on the relation and competition in a supply
chain, they do not take the other channel option, the platform model, into consideration.
We contribute to this stream by allowing the intermediary to strategically choose between

being a e-tailer or a platform.

2.2 Platform

There are also numerous studies which investigate the impact of informediary which
provides informations rather than physical goods. Baye and Morgan (2001) find that
building a market that shares price information results to more competitive equilibrium
prices. Viswanathan et al. (2007) show that consumers who search for price information
online pay lower prices for automobiles than those who do not search. Chen et al. (2002)
and Iyer and Pazgal (2003) conclude that the referral infomediary prefers an exclusive
strategy. Arnold et al. (2011) study the market with asymmetric customer segments.

7
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Baye and Morgan (2001) consider an information gatekeeper who establishes a plat-
form for sharing price information. The gatekeeper sets up subscription and advertising
fees for consumers and retailers, respectively. They find that in order to maximize her
profit, the gatekeeper would set a low subscription fee to motivate all consumers to join
the platform. In addition, she sets the advertising fee higher than the system optimal
one, which is zero. Moreover, the product price on the platform is lower than that outside

the platform due to competition. They also show that there exists potential inefficiency.

Chen et al. (2002) analyze the effect of referral informediaries on retail markets and
examine the contractual arrangements that they should use in selling their service. Two
retailers both have two types of consumers: a segment of loyal consumers and a segment of
comparison shopping consumers. Another player is a referral informediary which reaches
some proportion of the total consumer population. They find that, in equilibrium, the
referral price will be lower than the retail store price offered by the enrolled retailer.
Moreover, the profits of the enrolled retailer are in the form of an inverted U with respect
to the reach of the referral informediary because of an increasing demand effect, an
increasing competitive effect, and a price discrimination effect. Furthermore, the referral

infomediary prefers an exclusive strategy of allowing only one of the retailers to enroll.

Iyer and Pazgal (2003) study Internet shopping agents (ISAs) that allow consumers
to costlessly look for online retailers. In an environment with intense price competition,
homogeneous goods, and no search cost for obtaining price information, one does not
expect to find large differences between the prices charged by retailers in an ISA. However,
as the empirical data show, the prices charged by different retailers in the ISA can differ

substantially. To investigate the conflict, they build a model with an ISA, n retailers,
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and consumers consisting of store loyals, ISA loyals, and partial loyals. They find that
in equilibrium an inside retailer will use a mixed price strategy. The average prices
that consumers pay through the ISA can increase or decrease with the number of inside
retailers depending on whether the reach of the ISA is independent of the number of

joining retailers.

Viswanathan et al. (2007) focus on a mechanism for market segmentation and price
discrimination based on consumers’ use of online infomediaries. Initially, they begin
with an analytical model that investigates the implications of providing different types
of information on the prices consumers paid. They indicate that consumers not only
seek different types of information but also pay different prices for the same product.
With an empirical study in the automotive retailing market, they reinforce the previous
statement and show that different uses of online infomediaries is related to underlying

consumer characteristics.

Arnold et al. (2011) state that in previous studies, the analyses related to the infor-
mation gatekeeper are based on a critical assumption that loyal customers are allocated
equally across firms. However, they observe a discrepancy exists between those models
and the practice. Therefore, they build their model based on that in Baye and Morgan
(2001) to investigate the role of asymmetric loyal customer segments in a market with an
information gatekeeper. They show that in equilibrium the firm with the smaller loyal
market is more likely to advertise its price through the gatekeeper but adopts a higher
advertised price distribution than that of the firm with a larger loyal market. In addition,

the existence of the gatekeeper results in a more intense competition on price.

In contrast with the aforementioned papers, our study includes both types of business
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models, e-tailer and platform, and consider the optimal strategy for the intermediary.

The endogeneity of the strategic choice is our main focus.

2.3 Referrals

The literature about a marketer’s decision to provide referrals to competitors is of a
small body. Cai and Chen (2011) state that competing retailers may use the referrals to
align their incentives. Ryan et al. (2012) study a marketplace and a retailer with higher

consumer preference on purchasing from the marketplace.

Cai and Chen (2011) adopt a game-theoretic model to study referrals among compet-
ing online retailers. The customers possess heterogeneous preferences, which is captured
by a Hotelling line. They show that although retailers have to share profit with its
competitors, one-way and mutual referrals may both be beneficial under certain market
conditions. Because of the fact that referrals help retailers expand the aggregate mar-
ket, these competing retailers may use the referrals to align the retailer’s incentives and

facilitate implicit collusion.

Ryan et al. (2012) study a retailer facing a marketplace selling similar and competing
products about whether to sell through the marketplace and at what price. At the same
time, the marketplace firm also considers whether she should sell products and compete
with his merchant as well as design the optimal contract with his participating retailer.
In conclusion, they find that the “three channel system” does not exist in the equilibrium.
Moreover, the pure competition equilibrium is more likely to arise when the retailer is
much weaker than the marketplace firm. In contrast, the pure coordination equilibrium

10
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takes place with higher likelihood when consumers do not have a strong preference for

purchasing from the marketplace system relative to purchasing from the retailer.

Motivated by these two studies, we also consider an online intermediary which can
serve as a merchant and a platform at the same time. As an extension of this stream of

literature, we concentrate on the optimal alternative in business.

11
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Chapter 3

Model

Intermediary and manufacturers. We consider a market with an intermediary (she)
and two manufacturers (for each of them, he) producing substituting products. Manufac-
turers are heterogeneous at the production side. More precisely, manufacturer ¢ € {1, 2}
has an exogenous unit production cost ¢;, where ¢; > c¢o. That is, manufacturer 2 is more
cost-effective than manufacturer 1. We call product 7 as the product manufactured by

manufacturer i, i € {1,2}.

Each manufacturer may establish one of two relationships with the intermediary. If
the intermediary serves as a merchant for manufacturer 7, she will purchase product ¢ from
manufacturer ¢ at a wholesale price w;. She then decides the retail price p; for product
7. As manufacturer ¢ needs to choose his wholesale price, we say the two players are in
mode W. On the contrary, if the intermediary serves as a platform for manufacturer i,
the manufacturer will set the retail price p;. This is therefore called mode R. By referring
consumers to manufacturer ¢, the intermediary shares revenues for product 7 sold through

her by setting a transaction fee r;.

13
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w R

ww _Ww _WW WR _WR _WR
W m T2 T Ty, Ty Ty

RW _RW _RW RR _RR _RR
R | m™, m" my T, Ty,

Table 3.1: Profits of players

Industry structures. In the most general situation, the platform may be flexible to
serve the two manufacturers in different modes. There will then be four possible industry
structures: RR (the intermediary is a pure platform), WW (the intermediary is a pure
merchant), WR (the intermediary is a merchant for manufacturer 1 but a platform for
manufacturer 2), and RW (the opposite of WR). The profit of manufacturer ¢ € {1,2}
in structure k € {RR, W R, RW,WW} is denoted by 7¥, and that of the intermediary is
7%, We denote the demand of product i, which naturally depends on the prices of both
products, by D;(p1,ps) or simply D;. For manufacturer i, his profit is (w; — ¢;)D; under
the W mode or (p; — ¢; — ;) D; under the R mode. For the intermediary, her profit from
product i is (p; —w;)D; under the W mode or r;D; under the R model. Her total profit is
then the sum of the profits from the two products. The complete list of profit notations

is in Table 3.1.

In this study, we restrict the intermediary to set a single transaction fee r for both
manufacturers under the RR structure, that is, vy = ro = r. This can be a reasonable
restriction, as applying applying suitable transaction fees for each products brings more
challenges and costs at management sides. In practice, platforms usually set a single fee

for one category of products.

Product demands. To capture the heterogeneity of products and the impact of

14
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prices, we adopt the model of Bertrand competition of heterogeneous products (Gibbons,

1992). More precisely, we assume that the demand of product 7 is

D;(p1,p2) =1 — p; + bps—,

where i € {1,2} and b € [0,1). In this setting, a product’s demand is negatively affected
by its own price but positively affected by the price of the competing product. The
exogenous parameter b measures the degree of similarity of the two products or intensity
of competition. The larger b is, the more similar the two products are. The competition
then becomes more intense, as one’s price affects the other’s demand more significantly.
Note that b is restricted to be strictly less than 1, as the direct impact of one’s price

should be higher than the indirect impact of the competitor’s price.

The sequence of events is depicted in Figure 3.1. First, the intermediary chooses
a model, platform, merchant or mixed. Second, if the platform model is chosen, the
intermediary sets a transaction fee for manufacturers. For the merchant model, the
two manufacturers set their wholesale prices simultaneously. In the mixed model, the
intermediary sets a transaction fee for one manufacturer and the other manufacturer set
his wholesale price afterwards. Third, the retail prices of the two products are either set
by the intermediary under the platform model or the two manufacturers simultaneously

under the merchant model. Finally, products are sold and all players gain their profits.

Table 3.2 lists the parameters and decision variables.

15
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The intermediary Manufacturers

sets transaction fee set refail prices
The intermediary Platform model ( | | Products are sold and
chooses a model profits are realized
I Mamufachurers The intermediary
set wholesale prices sets refail prices

Merchant model (WW

Figure 3.1: Time sequence

Parameters

b The degree of similarity of the two products

ci The unit production cost of product @

Decision variables

D; The demand of product 7
D The retail price of product ¢
w; The wholesale price of product 7

r Transaction fee

Table 3.2: List of notations

16
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Chapter 4

Analysis

In this chapter, we first characterize the best strategy for each player in different scenarios.
We focus on pure strategy: the pure merchant model (WW) and the pure platform model
(RR). As a result, the intermediary has the information of which business model can
maximize its own profit. We then discuss how the intermediary’s optimal business model
changes in response to the heterogeneity of manufacturers/products at the supply and
demand sides. It is investigated which parameters affect the decision of the firms and
the equilibrium industry structure. Based on our findings, we connect our results to real

world suggestions.

4.1 Equilibrium analysis

In this section, we investigate on the Nash equilibrium resulting from the impact of the
contract between firms under different business structures. For each business model,
the contract structure influences the degree of various exogenous impact on the profits

17
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and products’ prices of firms. Therefore, we analytically derive the equilibrium of each

structures as basis to be compared afterwards.

4.1.1 Pure merchant model (WW)

When the merchant model is adopted by the firms, the intermediary becomes a retailer
that purchases products from the manufactures and resells to consumers. In this case, the
retailer owns the products and has more sovereignty over its pricing decision. Therefore,

she may set prices to maximize her profit, i.e., she solves

W}/VW = max(p; — wi)D1 + (p2 — wa) Dy

p1,P2

=max(p1 — wi)(1 — p1 + bp2) + (p2 — w2)(1 — p2 + bp1)

p1,p2

subject to Dy > 0 and Dy > 0. By predicting how the wholesale prices will affect the
retail prices and demands, the two manufacturers’ play a simultaneous game, in which

each of them solves

V"W = max(w; — ¢;)D;,i = 1,2.

7
Wi

The equilibrium prices and profits are summarized in Lemma 1.

Lemma 1. Under the merchant model, the equilibrium wholesale prices are w}'"V =

(2+b) +2¢1+beao

w o (6=b—2b%)+2(1-b)c1+b(1-b)ca
-5 -

2(4—5%)(1-0)

W (2+b)+262+bcl

wWW _ TR 1%
and wy " = s , retail prices are p{

cmdngW _ ((6=b=20%)+b(1-b)c1+2(1—b)c2)

S(U—57)(1-b) , and the manufacturer’s profits are m}' WV = (2+0)+(B?—2)c1 +bey)”

(2(4-0%))

2+b)+ber +(b2—2)ca)?
ww _ (et )*2(11_4;(2)2 )2l Moreover, we have w > w}, pt > ps, and 7V

and W < gV,

The intermediary earns the profit

ww _ (224 0)° — 224 b)’(1 — b)(e1 + e2) — (36 — 4) (1~ b)(cf + ¢3) — 2P(1 — b)eaea)

4(4— b2)2(1 - )
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Since manufacturer 2 is more cost-effective in the market, he sets a lower wholesale
price and induces a lower retail price compared to manufacturer 1. By utilizing his
advantage, he captures a larger market share and earns a higher profit. It is also observed

that the intermediary’s profit decreases as manufacturer 1’s cost goes up.

Lemma 1 also shows that, in equilibrium, the two products will both appear on
the market. In other words, the intermediary’s optimal strategy is always to sell both
products regardless how high the cost difference is. With the control of both product
prices, the intermediary maximizes his profit by properly dividing the market into two
segments. The existence of the intermediary alleviates the competition between the two

manufacturers.

4.1.2 Pure platform model (RR)

In the platform model, the intermediary acts as a two-sided platform that matches buyers
and sellers. A transaction fee is set by the intermediary. Manufacturers own the products;
therefore, the retail prices of products are set by the manufacturers. The intermediary
has no direct control of the products’ pricing strategies. All she may do is to use the
transaction fee to indirectly affect the equilibrium retail prices. The intermediary sets

the transaction fee r to maximize her profit

i (r) = r(Dy + Dy).

Then the two manufacturers simultaneously set their retail prices by solving

o = max(p; —¢; —7)D;, i=1,2.
pi
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All these optimization problems are subject to the demand non-negativity constraints
Dy > 0 and Dy > 0. In Lemma 2, we first characterize the manufacturers’ equilibrium

decisions given the transaction fee r.

Lemma 2. Given the transaction fee r, the equilibrium retail prices in the platform

(24b)(1+7)+2c1+beo

(4—52) and pHt = (24b)(Ltr)+ber +2c , where pftf > pER - The

(-5

model are pif =

r(2—2(1—=b)r—(1-b)(c1+c2))
2—b :

intermediary’s profit is WFR(T) =

Lemma 2 summarizes the equilibrium prices of products in response to the trans-
action fee r from the manufactures’ perspective. Both products’ prices increase in the
transaction fee since the transaction fee acts as sales cost for manufacturers. Further-
more, similar to the merchant model, manufacturer 2 benefits from his lower production
cost. With the cost advantage, he sets a lower price and attracts more consumers. With
the manufacturers’ responses in mind, the intermediary looks for r to maximize 77 (r)
derived in Lemma 2. In the next lemma we present some analytical properties regarding

the intermediary’s problem.

Lemma 3. The function 78%(r) is concave in r. Therefore, there exists a unique 7 that

~ dn i (r) - S ~ : RR 4
satisfies ———|,—; = 0. The intermediary’s optimal transaction fee r'*"* satisfies

-~ 2-(1=b)(ci+ca) g~ a _ (24b)—(2—b2)ci+be
RR =Ty WSty

otherwise

>

where 7 is the boundary point to satisfy D1 > 0 and Dy > 0. The intermediary earns the

profit
(2=(1-b)(c1+c2))? ¢ RR _ ~
8(1—b)(2—b) ifrtt =7
T = : @) (14t | b(24360)3 ’
(1+b)c (—2+3b+b2)c (1-b)ere 2-b2)(1+b)c —243b+b2)c .
(2+b)(1—1b) + (2+b)(2—b)(1—2b) ti g GrbRoh) T rehy Otherwise
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Lemma 3 states the existence and uniqueness of the optimal transaction fee r* to
maximize the profit of the intermediary in the platform model. There are two special
values of 7 mentioned in Lemma 3. On the one hand, 7 is the ideal optimal r which
satisfies the first-order condition of the concave profit function. 7, on the other hand, is
the cap of the feasible region of r derived from the demand constraints. Therefore, the
first-order point 7 is the optimal feasible transaction fee for the intermediary when it does

not reach the cap 7. Once 7 violates the cap, 7 is the optimal transaction fee.

As aforementioned, the product prices increase in the transaction fee. While the trans-
action fee represents a tool for the intermediary to extract revenue from manufacturers,
once it goes beyond the cap, manufacturer 1 earns nothing and stops raising its product
price. As a result, manufacturer 2 would also stop raising its product price. Consequently,

the intermediary no longer benefits from raising the fee once it goes beyond the cap.

In addition, when we deeply look into the optimal transaction fee, we observe that
7 is decreasing in ¢; and cp. In other words, it is optimal for the intermediary to raise
up the transaction fee with lower product costs. Since manufacturers benefit from lower
costs by setting lower product prices and attracting more consumers, the intermediary

shares benefit by utilizing higher transaction fee naturally.

4.2 Optimal model selection

With the basic knowledge of the equilibria under various market structures, we are now
ready to address our main research question: Merchant or platform, which one is better?
To demonstrate the effect of cost difference between manufacturers, we set ¢; = ¢ € [0, 1]
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and c; = 0 in the following comparisons.

In the next proposition we show the relative profitability of the two pure models, the
pure merchant model and the pure platform model. An illustration is shown in Figure

4.1.

Proposition 1. There exists a unique b € (0, 1) such that for allb > b, %% > 7WW _ For

all b < b, there exists a unique ¢(b) € (0,1) such that #% > 7WW if and only if c < &(b).

1.0
c Merchant

0.8

0.6

Platform

0.2

0.0 T I I I
0.0 0.2 0.4 0.6 0.8 b

Figure 4.1: Comparison of pure models

In most scenarios, the intermediary would choose the platform model as the better
one. Notice that in the platform model, the transaction fee, which is first set by the
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intermediary, inevitably affects the decisions of manufacturers. By capitalizing on this
first-mover advantage, the intermediary is able to indirectly manipulate prices of products
to her benefit. Restricted by the fee, the manufacturers may only set the prices of products
in a sub-optimal level. To sum up, the intermediary is greatly rewarded with her first-

mover advantage by adopting the platform model.

Moreover, when b is large or ¢ is small, the intermediary prefers the platform model;
when b is small and c is large, the merchant model is more attractable. When b increases,
the two products becomes more similar at demand side. Therefore, the detriment result-
ing from the inflexibility of one single transaction fee is mitigated. Furthermore, higher
b leads to higher products prices. Thus, the negative effect of prisoner’s dilemma is

extenuated. In conclusion, the intermediary prefers the platform model when b increases.

Under the merchant model, the two manufacturers will decide their wholesale prices
differently considering their different production costs. When c increases, the discrepancy
between the products at the production side increases, and the resulting difference in
wholesale prices increases. Nevertheless, if the intermediary chooses the platform model,
only one single transaction fee must be applied to both manufacturers. Such inflexibility
would hurt the intermediary when the two products are highly different at the production
side, as in that case the two manufacturers’ actually prefer quite different transaction fees.

As a result, the intermediary prefers the merchant model when ¢ increases.

One may argue that this finding is prone to the assumption that only one transaction
fee is applied to both products. While this may be true from the perspectives of model
and analysis, we would like to note that in practice most platforms do adopt this single fee

policy for each product category. In other words, different transaction fees may be applied
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for different kinds of products (3C, apparels, books, etc.), but only one transaction fee is
set for all products from all manufacturers within one category. We set up our model to

fit this feasibility constraint faced by real-world platforms in industry.

In conclusion, the two business models exhibit quite different natures. Under the mer-
chant model, the notorious “double marginalization” problem increases the retail prices
to an inefficient level due to the multi-layer structure of the supply chain. The plat-
form model is an effective tool for the intermediary to bypass the double marginalization
problem and increase the profits of the industry and itself. Furthermore, the first-mover
advantage over manufacturers makes it more profitable than the merchant model. Nev-
ertheless, it suffers from the restriction that only one transaction fee can be applied to
all products and manufacturers in the same product category. The drawbacks make the
platform model a less preferred model when the products are quite different (when b is

small and ¢ is large).

4.3 Comparison of system profits

In the previous section, we have shown the optimal business model selection in all cases
from the perspective of the intermediary. By utilizing the first-mover advantage, the
intermediary prefers the platform model in most of the cases. Nevertheless, if the inter-
mediary is now cooperating with manufacturers using the traditional merchant model,
whether the platform model is a win-win option for all players is a critical issue. Although
the intermediary is satisfied with the platform model, the manufacturers would not agree
with the new model if it is not profitable for them.
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To verify if the platform model is a win-win solution, we have to compare the system

profits between two models. We define that the system profit of the merchant model

wWWo_ W
as my " =y

W oW + 7VW and the system profit of the platform model as 7% =

mltlf 4 pRE 4 7BRThe following proposition shows the result of the comparison.

Proposition 2. If2(2+b) — (6 + b — 3b*)c; + (2 +3b — b?)cy > 0, 7V < 7BE for all

be0,1), c; €10,1] and ¢y € [0,1].

Proposition 2 indicates that when the intermediary sets the transaction fee under
the first-order condition, the system profit of the platform model is greater than that
of the merchant model. In other words, manufacturers would agree to transform their
original merchant model to the platform model if the intermediary is willing to share some
profit earned from the platform model. Since the system profit of the platform model is
greater than that of the merchant model, the intermediary may share some profit with
the manufacturers (e.g., by paying each of them a fixed fee) but still earn more in the
platform model than in the merchant one. Therefore, the platform model is a win-win
solution at least when the platform strategy does not result in one manufacturer leaving

the industry.

In conclusion, even if the intermediary is currently cooperating with manufacturers
using the traditional merchant model, she can persuade manufacturers to change to the

platform model, because the system profit is higher.
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Chapter 5

Extensions

5.1 Mixed model (WR)

In the mixed model, one manufacturer cooperates with the intermediary in the traditional
merchant model, but the other sells his products through the intermediary, which is the
platform model. One important issue is that which manufacturer should the intermediary
choose to implement the merchant model or the platform model? Is the cost-effective one
more suitable for the merchant model or the platform model instead? To answer these

questions, we must have what would happen in mind first if we adopt the mixed model.

5.1.1 Equilibrium analysis

We start from WR first, that is, the intermediary is a merchant for manufacturer 1 but
a platform for manufacturer 2. First of all, the intermediary sets the transaction fee to
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maximize her profit

W}/VR = max(p1 — wl)Dl + T'DQ.

Then, manufacturer 1 sets the wholesale price to maximize his profit

VB = %%X(wl —c1)Dy.

In the last of all, the intermediary sets the price of product 1 and competes with product
2, whose price is set by manufacturer 2. In other words, they simultaneously decide their

price by solving

W}’VR = max(p; — wy)Dy + rDy and 7T;/VR = max(py — r — ) Ds,
p1 D2

where the latter is the profit function of manufacturer 2. All these optimization problems
are subject to the demand non-negativity constraints D; > 0 and Dy > 0. Similarly, we

first characterize firms’ equilibrium decisions in the form of transaction fee r.

Lemma 4. Assume that a given transaction fee r will result in positive demands of both
products in equilibrium. In this case, the equilibrium wholesale price set by manufacturer

11s
wr  (240) = b1 =0*)r+ (2—b*)c1 + bey
wl — .
2(2 —b?)

In addition, the equilibrium retail prices in the mized model are

wr (240 (B =0*)+b(5—20*)r+ (2—b*)c1 + b(3 — b*)ea

g (-2~ ?)

and

wr (240 (44+b—20%) 4+ (8 =1 —b")r +b(2 —b*)cy + (8 — 3b%)cy

b2 2(4— b2)(2 — 1?)

It then follows that the platform’s equilibrium profit given r is

B ) = (V" — w1 = p 4 opy ) + (1 — py 4 bpy ).
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According to Lemma 4, we can observe that the two retail prices both increase in the
transaction fee r. It is reasonable for manufacturer 2 since the transaction fee plays a role
of cost similar in the platform model. Moreover, the price of product 1 also increases in
the transaction fee as they are not directly related. Since the price of product 1 is set by
the intermediary, the intermediary strategically raises up the price of product 1 in order

to provide manufacturer 2 more incentive to set higher product’s price.

Somewhat surprisingly, when the transaction fee r increases, which implies that man-
ufacturer 2 is subject to a higher marginal cost, manufacturer 1 would reduce rather
than increase his wholesale price w; in response to his competitor’s cost increase. To
understand this non-trivial result, note that when r goes up, the demand of product 1

can be derived as

(240b) —b(1 = b*)r + (b* — 2)wy + bey
4 — b2 ’

which decreases in . The same thing happens to product 2. As the increase of the retail
prices cuts down the market demand of product 1, manufacturer 1 is forced to reduce
w; to avoid overpricing and having a too low sales volume. This explains his response of

reducing the wholesale price.

In the next lemma we present the optimal transaction fee regarding the intermediary’s

problem.

Lemma 5. The intermediary’s optimal transaction fee in the mixed model WR is

R _ 2(2 +b)(8 — 3b — 3% + %) — 2b(1 — b)(2 — b?)cy + 2(1 — b)(—16 + 9 — b*)cy)
B (64 — 26b% — 3b* + b5)(1 — b)

Furthermore, p{"®(r'VE) > plVE(WEY Dy (rW 1) > 0 and Do(r™' 1) > 0 unless b = 0.

Lemma 5 states the optimal transaction fee in the mixed model WR. It can be dis-
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covered that the optimal transaction fee r'"Y R decreases in ¢l and ¢2 because there is no
more room to earn revenue from each sales. As products’ costs increase, the prices of
products rise and hurt both demands. The intermediary then has no choice but to lower
down the transaction fee.

Moreover, we observe that pVf(rWi) > plVE(pWE),

One may argue that the phe-
nomenon results from the setting that ¢; > ¢;. However, even if ¢; = ¢y = ¢, plV (r'VE) >

py E(r"WE) for all ¢ € [0,1]. Consequently, the major difference between two products’

prices is the business structure. In other words, p}"#(r"'£) is greater because of the

merchant model, which reconfirms the effect of the double marginalization.

Furthermore, Lemma 5 indicates that both demands of products are positive. Though
the intermediary is able to except the costly product 1 by setting higher price, she finds
that it is more profitable to keep both products in the market. Same as the merchant
model that the intermediary may properly divide the market into two segments, with the

help of the transaction fee and the control of the price of product 1.

Under the RW structure, we may simply reverse the roles of products 1 and 2. There-
fore, to derive the equilibrium wholesale price, retail prices, transaction fee, etc., all we

need to do is to exchange ¢; and ¢ in the above expressions.

5.1.2 Optimal model selection

By utilizing Lemmas 4 and 5, we are able to (maybe numerically) derive the equilibrium
of the market in the mixed model. In addition, given the values of b and ¢, the profit of
the intermediary in the mixed model (both WR and RW) can be yielded. In this section

30

doi:10.6342/NTU201704144



we compare all market structures, including the pure merchant model, the pure platform
model and two mixed models (WR and RW). As a result, observations are summarized

and listed in the following section. A visualization is presented in Figure 5.1.

Observation 1. There exists a unique b € (0,1) such that for all b > b, 7ff > 7VE,
Moreover, when b < b, there exists a unique ¢ € (0,1) such that TFE > max{r\VE 7EW VW3

if ¢ < ¢(b) and )’ > max{a R 7V 7WVW3 if ¢ > &(b).

1.0

Mixture(WR)

0.8

0.6

04 Platform

0.2

0.0 | | | |
0.0 0.2 0.4 06 08 b

Figure 5.1: Comparison of all models

Somewhat surprisingly, the comparison including all possible models (Figure 5.1) ap-
pears like the comparison of pure models (Figure 4.1) except that the merchant model
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part is replaced with the mixed model (WR) in Figure 5.1. In other words, the interme-
diary still prefers the platform model when b is large or ¢ is small. Nevertheless, when
b is small and c is large, the mixed model (WR) is the better solution comparing with
the merchant model. The reason behind this phenomenon is similar. In the platform
model, the first-mover advantage still exists. However, since the intermediary only relies
on one single transaction fee to share the benefit from manufacturers, she is restricted
when products are greatly different. The negative effect is more critical when products

become more distinct at either production side or consumer side.

Looking at Figure 4.1 and Figure 5.1 more deeply, one may wonder that if the mixed
model (WR) overpowers the merchant model from the perspective of intermediary. The

numerical result confirms the hypothesis.

Observation 2. 7}V > 7"V for all b € [0,1) and c € [0, 1].

If we only consider the mixed model (WR) and the pure merchant model, the former
one is much better. The mixed model (WR) combines parts of merchant model and parts
of platform model. First, considering the effect of first-mover advantage, the intermediary
has the ability to set the transaction fee in the mixed model (WR). Then, for the flexibility
part, there are two methods for the intermediary to share benefit from two manufacturers,
the transaction fee for manufacturer 1 and the price of product 2 for manufacturer 2.

Therefore, the intermediary owns partial first-mover advantage without lost of flexibility.

In contrast, the advantage of the merchant model is only the flexibility as afore-
mentioned. The effect of inflexibility comes out when the products are quite distinct.
However, the mixed model (WR) also allows the intermediary to adapt herself to distinct
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products. Consequently, the mixed model (WR) is still better than the merchant model
when products are different. In conclusion, the mixed model (WR) dominates the pure

merchant model in all cases.

Now we take a look at the comparison of the mixed models, WR and RW. Since in
both cases the partial first-mover advantage exists, a selection issue then arises. Which

mixed model can better capitalize on the advantage?

Observation 3. 7}V > 7fW for all b € [0,1) and c € [0, 1].

Observation 3 indicates that in the mixed model, the intermediary prefers the mer-
chant model for the manufacturer with higher production cost. The cost-effective manu-
facturer is more suitable to the platform model. In other words, the product with lower
production cost is more profitable. Therefore, the intermediary should choose to apply

the first-mover advantage to the product with higher potential.

5.2 Implementation of the platform model with rev-

enue sharing

In the platform model, there exists other mechanism for the intermediary to cooperate
with manufacturers. Instead of transaction fee, it is also possible for the intermediary
to share profit by a revenue sharing proportion ¢. In this section we would discuss the
profitability of revenue sharing in the platform model.
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5.2.1 Equilibrium analysis

First of all, we have to find out the equilibrium under the platform model. The interme-

diary sets the revenue sharing proportion ¢ € [0, 1] to maximize her profit

7 (¢) = ¢(p1D1 + paDs).

Then the two manufacturers simultaneously set their retail prices by solving

A = max((1 — ¢)pi — ;) Dy, i =1,2.

pi
All these optimization problems are subject to the demand non-negativity constraints
Dy > 0 and Dy > 0. In Lemma 6, we first characterize the manufacturers’ equilibrium

decisions given the revenue sharing proportion ¢.

Lemma 6. Given the revenue sharing proportion ¢, the equilibrium retail prices in the

(2+b)(1—¢)+2¢
(4-0%)(1-9)

(2+b)(1—¢)+bc

and py = G- -g)

platform model are p} = , where pi > p5. The manu-

|._l

(2+b)(1—<zﬁ)+(—2+bQ)c)2 and 1157 =

((2+b)(1—¢)+bc> 2
4—b2? :

facturers earn the profits TIFE = éﬁ ( 452

1—

<

The intermediary’s profit is [IF(¢) = ¢(2((17¢)(2+b))(itgg);rg)i%;@cﬂw74)02)~

Lemma 6 summarizes the equilibrium prices of products in response to the revenue
sharing proportion ¢ from the manufactures’ perspective. Both products’ prices increase
in the revenue sharing proportion since the revenue sharing proportion acts as sales
cost. Furthermore, similar to the merchant model, manufacturer 2 benefits from his
lower production cost. With the cost advantage, he sets a lower price and attracts more
consumers. With the manufacturers’ responses in mind, the intermediary looks for ¢ to
maximize [1#(¢) derived in Lemma 6. Though the complicated structure of TIF#%(¢)
makes it impossible to have a closed-form expression for the intermediary’s optimal ¢,
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in the next lemma we present some analytical properties regarding the intermediary’s
problem.

Lemma 7. The function IIRR(¢) is quasi-concave in ¢ € [0,1]. Therefore, there ezists

IR (¢)
dr

a unique ¢ € [0,1] that satisfies lg=g = 0. The intermediary’s optimal revenue

sharing proportion ¢* satisfies

T (2—b2)c
6 ifd<d=1-"

(5 otherwise

Lemma 7 states the existence and uniqueness of the optimal revenue sharing propor-
tion ¢* to maximize the profit of the intermediary in the platform model. There are two
special values of ¢ mentioned in Lemma 7. On the one hand, ¢ is the ideal optimal ¢
which satisfies the first-order condition of the quasi-concave profit function. ¢, on the
other hand, is the cap of the feasible region of ¢ derived from the demand constraints.
Therefore, the first-order point ¢ is the optimal feasible revenue sharing proportion for
the intermediary when it does not reach the cap 95 Once g5 violates the cap, gg is the

optimal feasible revenue sharing proportion.

As aforementioned, the product prices increase in the revenue sharing proportion.
While the revenue sharing proportion represents a tool for the intermediary to extract
revenue from manufacturers, once it goes beyond the cap, manufacturer 1 earns nothing
and stops raising its product price. As a result, manufacturer 2 would also stop raising
its product price. Consequently, the intermediary no longer benefits from raising the

proportion once it goes beyond the cap.

By utilizing Lemmas 6 and 7, we are able to numerically derive the equilibrium of the
market in the platform model. Given the values of b and ¢, the intermediary can first
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numerically search for the first-order point ¢ and compare it with the upper bound gg to
find the optimal ¢*. Substituting ¢* into Lemma 6 then gives us the equilibrium retail

prices, product demands, and manufacturers’ profits.

5.2.2 Optimal model selection

As Lemma 7 shows, there is no closed-form expression for ¢* in the platform model. As
it is hard to derive the profit of the intermediary, we do a numerical study to obtain some
intuitions first. For each combination of b € [0,1) and ¢ € [0, 1), we numerically find ¢*
and the associated platform’s profit IT# under the merchant model. We then compare
that with the platform’s profit 7}V under the merchant model, which may be calculated

by the closed-form formula we derived. Figure 5.2 is a visualization of our result.

A first look at Figure 5.2 will give us the following idea: When b or c is large, the
merchant model is better; on the contrary, when b and ¢ are both small, the platform

model is better. This idea is analytically proved in the following proposition.

Proposition 3. There exist two cut-off values by € (0,1) and ¢, € (0,1) such that for
all (b,¢) < (by,é1), we have TWW < TIBR . On the contrary, there exist by € (by,1) and

&y € (é4,1) such that for all (b,c) > (by, &), we have 7V > TIRE.

We find that the intermediary prefers the merchant model when b goes up but prefers
the platform model when b goes down. The phenomenon is quite different to the plat-
form model with transaction fee, where the platform model is preferred as b increases.
To explain the contradiction, we should take a closer look at the difference between the
two revenue sharing mechanisms. The transaction fee is a fixed cost from the perspective
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Figure 5.2: Comparison of pure models under revenue sharing

of manufacturers. In contrast, the revenue sharing mechanism dynamically shares more
profit as the products’ prices increase. As higher product prices hurt demands, manu-
facturers are more willing to increase price in the case of transaction fee comparing to

revenue sharing.

Now that when b goes up the demands of products goes up, which results to the
incentive of raising up the products’ prices. Because of the different tendency of raising
prices, the equilibrium product prices in the case of implementing transaction fee is higher
than that using revenue sharing. The system profit and the intermediary’s profit are thus
lower in the platform model implementing revenue sharing.
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If we look at Figure 5.2 more deeply, we would obtain an interesting observation at
the top-left corner. There is a region of moderate ¢ (roughly between 0.75 and 0.85) such
that the impact of b on the optimal model is non-monotone. When b is either small or
large, the intermediary prefers the merchant model; in contrast, the platform model is
more advantageous when b stays in the medium. We may again analytically confirm this

observation.

Proposition 4. There exist ¢, € (0,1) and é € (&1, 1) such that for all ¢ € [¢1, ¢, there
exist by € (0,1) and by € (by, 1) such that VW > 7R if b < by orb > by but 7}V < 7FR

if b e (b, b).

While c is large, the impact of the cost difference dominates the selection of models. In
other words, with a huge gap between products at the production side, the intermediary
has no choice but to adopt the merchant model. Similarly, when ¢ is small, the platform
model becomes dominant. When ¢ is moderate, the impact of the competition intensity
enlarges. When b is large, the restriction of price from revenue sharing hurts the profit
of the intermediary. Therefore, taking control of product prices is a solution to avoid low
prices. However, when b is small, the two products are quite different at the consumer
side, a situation that is quite similar to the case that ¢ is large. The disadvantage of
relying on only one single revenue sharing product is too significant for the intermediary.
The merchant model is thus preferred.
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5.3 Enhanced platform model

According to our previous analysis, the platform model is less profitable than the mer-
chant model when the products are quite distinct due to the inflexibility of setting only
one transaction fee. In the enhanced platform model (ERR), we relax the restriction
of setting one transaction fee. Namely, the intermediary has the ability to set different
transaction fees for each manufacturers, separately. Would the enhanced platform model

dominate all possible models?

To complete the analysis, we have to figure out the equilibrium outcome of the inter-
actions among players first. Then, optimal model selection can be made by comparing

the profit of the intermediary in the enhanced platform model with that of other models.

5.3.1 Equilibrium analysis

The enhanced platform model is the same as the platform model except that the inter-

mediary now can set different transaction fees for manufacturers to maximize her profit
ERR
T (7“) = 7“1D1 + 7”2D2.

Then the two manufacturers simultaneously set their product prices by solving

nPRE — II;&X(]DZ‘ —ci—r)D;, i=1,2.

Likely, all these optimization problems are subject to the demand non-negativity con-
straints D; > 0 and Dy > 0. In Lemma 8 we summarize the equilibrium outcomes of all

players.
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Lemma 8. Under the enhanced platform model, the equilibrium product prices are pPER =

mb)(3_22b()fzf§)ff)_c£)+b(1_b)c2 and pPRR = <2+b><3—22b(>j_2;;)—(f>_cg)+b<1—">Cl, The intermediary sets
transaction fees rERE = 2(114)) — %cl and rFRR = 2(11%) — %02 and earns the profit

prr  2240) =224 b0)(1 —b)(c1 4 c2) + (2—0*)(1 — b)(ci + ¢3) — 2b(1 = b)c1cp
o= A(4 —b2)2(1 —b) '

Lemma 8 lists the equilibrium actions of the manufacturers and intermediary. The
price of product 1 is higher than that of product 2 because of the higher production cost
of product 1. In addition, since the transaction fee and the demand of product 1 are
smaller than those of product 2 (r; < ryand Dy =1—p; +bps <1 —ps+bp; = Dy ),

the intermediary earns less from product 1.

5.3.2 Optimal model selection

With the market equilibrium in the enhanced platform model, we are now ready to address
the main research question: How profitable is the enhanced platform model? Would the

enhanced platform model dominates all possible models?

According to Observation 1, when products are quite different, the mixed model (WR)
is the better solution. As products are similar, the platform model is more profitable.
Now we have the fifth model, the enhanced platform model. All we need to do is to
compare the profit of the intermediary in the enhanced platform model with the two

winners.

For the comparison with the platform model, the only difference between the two
model is that the intermediary may set different transaction fees for manufacturers.
Therefore, in the enhanced platform model the intermediary still has the ability to keep
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the two transaction fees the same for both manufacturers and all players act the same as
in the platform model. In other words, the platform model is a degenerated version of
the enhanced model. Consequently, the enhanced platform model is at least not worse

than the platform model for the intermediary.

For the comparison with the mixed model, the result is shown in Propotition 5.

Proposition 5. 7F18 > 7WE for all b € [0,1), ¢; € [0,1] and ¢, € [0,1].

According to Propotition 5, the enhanced platform model also outperforms the mixed
model (WR). Collectively, the enhanced platform model is the best business model in
all cases. The reason is quite reasonable. As the enhanced platform model is improved
from the platform model, it also owns the first-mover advantage which the platform
model owns. Moreover, since the restriction of setting one transaction fee is relaxed, the
disadvantage of inflexibility in the platform model no longer exists. This explains its

superiority
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Chapter 6

Conclusions and future works

6.1 Conclusions

In this study, we establish a game-theoretic model to examine the model selection problem
of an online intermediary. There are manufacturers offering heterogeneous products, and
the intermediary has the option to decide how to cooperate with them by choosing either
the merchant model or the platform model. The main difference between the two models
is whether the intermediary owns the power of setting prices. Through our analysis,
we discover the significance of first-mover advantage under the platform model. The
entire market would be properly manipulated by the intermediary capitalizing on the
transaction fee, which induces the victory of the platform model over most scenarios.
Moreover, we show that the profitability of the two models are governed by the similarity
of the products at the production and consumer sides. When the two products are quite
different at either side, the platform model is less profitable due to the inflexibility of
setting different transaction fees for different products. Furthermore, we compare the
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system profit between the two models. Our analysis indicates that the system profit
under the FOC condition of the platform model is higher than that of the merchant

model.

We further study the mixed model that combines both the merchant and platform
models. Considering the first-mover advantage, the intermediary should adopt the plat-
form model for the cost-effective manufacturer as his product owns greater commercial
potential. On the other hand, we investigate the implementation of the platform model
with revenue sharing. Restriction of high price hurts the intermediary’s profit when the
product similarity goes up. Finally, we relax the restriction of setting only one transac-
tion fee for both manufacturers in the enhanced platform model. After improved, the

enhanced platform model is the most profitable model.

6.2 Future works

The result has several avenues for further research. First, there may exist other inter-
mediaries. Competition between intermediaries may occur and can be further studied.
Second, in our current study, the intermediary cannot influence the demand of customers.
In reality, intermediary might provide mechanism that affect customers’ valuation on the
product such as advertisement, data technology, better services, etc. It is interesting how

these options may influence the decisions of the players in the environment.

To highlight the impact of industry structure and product similarity on the pricing
decisions, we omit demand uncertainty in our model; otherwise, the intermediary would
have a strong incentive favoring the platform model. We also assume that there is no
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information asymmetry in the market. If the product quality is hidden to consumers,
quality risk may force the intermediary to choose the merchant model. Nevertheless,
it would contribute more to the literature if we further study the joint impact of these

factors.
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Appendix A

Proofs of lemmas and propositions

Proof of Lemma 1. We first verify the concavity of the objective function. Since

92 9 -2 2b
V2V W (py, pa) = , and its leading principals are —2 < 0 and =

26 —2 26 =2
4 —4b* > 0, 7"W(py1, po) is negative definite. This implies that the first-order condition

will be necessary and sufficient for an optimal solution. Let’s omit the constraints for a

Ww
omy
dp1

while. The first-order condition gives us = (1 — 2p} + bp2 + wy) + b(p2 — wy) =0,

ie., pi = w. Similarly, we have p} = w. Solving the two equations
leads to p] = —12((11__1)1,);”1 and p; = 1—+2((11__bb))w2

Based on the response of the intermediary, manufacturer ¢ maximizes his profit

d2TFWW(

L—witbwy—; - ww . L (wi)
—t i =1,2. As m"W (w;) is concave (ZUTQZ =—1<0),

W (w) = (wi - ¢)

1+bws—i+ci
2 )

the first-order condition requires the optimal wholesale price w; to satisfy w; =
1 = 1,2, where ¢; = ¢ and ¢ = 0. Solving the two equations for the two manufacturers

(24b)+2c1 +bea
4—b2

(24b)+2c2+bcy

e
results in wj = s

and wj = . By plugging in w] and wj to the

Ww
)

wWw

expressions of pf, ;""" and ;""" , we may obtain the equilibrium retail prices and profits
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given in the lemma.

Finally, we check the ignored constraints. We have D; = 1—p;+bpy = AN (2)c\ S

2(4=12)
if and only if ¢ < %, which is true because ¢ < 1 < 22fbb2. We also have Dy =
1—po+bp = (ga@;ﬁc > (. This completes the proof. O
Proof of Lemma 2. Since 7/*% is concave (deﬁ;R = —2 < 0), we get the optimal p; by

k3

1+bps—i+ci+r

<RR . .
applying the first-order condition dd# = 0 for manufacturer ¢ and yield p; = 5

Solving the two equations results in pf(r) = (2+b)(1z):g§; itbes—i which is the optimal price

responding to r. Note that whatever r is, pi(r) > p3(r) owing to the fact that ¢; > cp. [

Proof of Lemma 3.  While our main focus is the intermediary’s profit, it can be
obtained as a function of r by plugging in p; into her profit function. Afterwards, the in-

termediary decides 7 to maximize her profit 7/%(r) = max, 575 (2 — 2(1 — b)r — (1 — b)c).

RR : 2pRR _4(1-b) . ~ . )
Note that m;** is concave (— 5~ = =5~ < 0), a unique 7 can be obtained by applying

the first-order condition de: ® —0and yield 7 = W.

Now we take the constrains into account. First, Dy = 1 — pd +bp] > 1 — pj +

2+)(A-(1=br)—2=btertbez 5 () if p <

4-p2 = r=

bp5 = D; in equilibrium. However, D; =
(24b)—(2—b%)c1 +beo

IR, Therefore, if 7 < 7, 7 is optimal; if not, then 7 is optimal. Furthermore,

by utilizing lemma 2, we are able to derive that 7F2(7) = % and wRE(7) =

(24b)(2—b) (1—b)c1 +(2+b) (—2+3b+b%)ca+(2+b)2 (1—b)2c1c2— (2—b2) (2—b) (1+b)c3 +b(—2+3b+b2) c3 =
(2+b)2(2—b)(1-b) :

Proof of Proposition 1. According to Lemma 3 and given ¢; = ¢ € [0,1], ¢; = 0,

there are two possible equilibrium profit functions in the platform model. That is,

RR(7z\ _ (2=(1=b)c)* . _ 2(2+b)
TRE = ) = sne- if e <€=—5prs
RR(A\ _ (14b)(2+b)c—(2—b%)(1+b)c?
T () = 210)(1b) o/w

where the former is the first-order condition (FOC) case and the latter is the boundary
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case. We would discuss the two cases separately.

Taking account of the FOC case first, after tedious calculations we get 75 — 7V =

W, where G = 4(240)*—4(2+b)*(1—b)c+ (b*+b—4)bc*. Taking G as a function

of b, since Glp—o = 16(1 — ¢) > 0 and % = 8(2 + b) + 12b(2 + b)c + (46* + 3b*> = 4)c? > 0
(because €[,y = 16 — 4¢* > 0 and £E = 16 + 24(1 + b)c + 6(2b + 1)bc® > 0 ), we prove

G > 0. Therefore, 7% — 7}¥W > 0 in the FOC case.

Then considering the boundary case, after calculations we get w2t —7 VW = T (2{ A

where T = —2(2+4b)2+ (20 — 2b— 1462+ 4b%) (2+b)c— (—4b5+ 126+ 1163 — 43b — 4b+36) 2.

First, we discover that 7' is concave in ¢ because U = % = 8b° — 24b* — 220 +

86b% + 8b — 72 < 0 (since 9 = 40b* — 96b° — 66b* + 172b + 8 > 0 and Uly—y =

—16 < 0 ). Second, we can prove that the first-order condition point of T, ¢, re-

sides at the left side of ¢, the point that distinguishes the FOC case and boundary

2(2+b) (43 —14b%—2b+20)(2+b) (2+b)H > 0. where

case. More precisely, ¢ — ¢ = 3206 7 U (=302 +5+6)

H = —4b° + 2b% + 28b% — 2662 — 24b+ 24 = (b— 1)(b+ 1)(b— 2)(—4b2 — 6b+ 12) > 0. [

Proof of Proposition 2. To compare the system profits of the two models, we have
to derive the system profit of each model first. For the merchant model part, according

to Lemma 1, the system profit of the merchant model is

wwo — W}A/W—F?TF/W—F?T;VW

(2(245)2—2(2+b)2(1-b)(c1+c2)— (3% —4) (1—b) (cI+c3) —2b3(1—b)ci c2) ((24b)+(b%2—2)c1 +bea)?
4(4—b2)2(1—b) + (2(4-0%)?)

((2+b)+bcy + (b2 —2)c2)?
+ 2(41—1)2)2 :

2(3—2b)(2+b)2—2(24b)2(1-b)(3—2b)(c1+c2)+(1—b) (12—9b2+2b%) (c?+c2 —2(1—b)b(8—3b%)c1c2)
4(4—b2)2(1-b) :

RR 2—(1-b)(c1+c2)

On the other hand, according to Lemma 2 and 3 and given r*"* =7 = b we
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can derive
T (7)) = (p(F) — a1 = F)(1 = pi () + bps (7))

. < (2+b) (1—(1—b)7) —(2—b?)c1 +bca ) 2
- 152

B <2(2+b)—(6+b—3b2)01+(2+3b—b2)cg > 2
= =02 '

2
Likewise, mif(7) = (2(2+b)_(6+b;?22_);§)+(2+3b_b2)01) . Then, if rF = 7, the system profit

of the platform model is

RER(E) = () 4wl + 7l

s

(=(=b)(ertea)?® | (2(2+b)(6+b3b2)c1+(2+3bb2)cQ>2 4 (2(2+b)(6+b3b2)02+(2+3bb2)c1)2
R(1=b)(2—0) 1(a=52) 1a—52)

= oy (8(3 = 2b)(2 4 b)2 + (1 — b)(56 + 16b — 421 — 10b° + 12%)(c} + ¢3)

—8(1 = b)(2+ b)2(3 — 2b)(c1 + c2) — 4(1 — b)(4 + 24b — 36% — 1163 + 2b%)cyc).

Now we are ready to compare the system profits.

RR ww  _ (1=b)(8+16b—6b%—10b3+4b*)(c2+c2)—4(1—b) (4+8b—3b2—5b3+2b%)cqco
Ty — Ty = 16(4—b2)2(1—b)
_ (14b)(142b)(c1—c2)?
- 8(2+0)2
> 0.
This competes the proof. O

Proof of Lemma 4. Applying backward induction, we start from the optimal prices.

- ‘ WR WR T A A ' A
First, since ;"™ and 7y ™ are concave ( W= a4 = —2 ), we get the optimal p;

RR RR
by applying the first-order condition I — 0 and d;r;z = 0, and yield pj = W

dp1
. : : 2+b)+3br+2w; +b
and p; = L;CQH. Solving the two equations results in p} = 2+ )+34Z:2 i1t and
x _ (24b)(3=b2)+(2+b%)r+bw1+2c2
Dy = 1-p2 :

Considering the interaction between manufacturer 2 and the intermediary, manufac-

turer 1 sets w; to maximize his profit "% = (w; — cl)(2+b)+b(b271232(1’272)1“%62. Due

. . dcaVE - 2(2-b?) :

to the concavity of the profit function (=l = 555~ < 0 as b € [0,1)), he opti-
1

drWE

w
= 0 and derives
w1

mally sets the wholesale price by applying the first-order condition
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wi = (QH’)7b(17§?2)j2(?7b2)01+b62. Plugging wj back to prices of products leads to p; =
2+b)(3—b%)+b(5—2b%)r+(2—b? b(3—b? * 2+4-b) (4+b—2b)+(8—b2—b*)r+b(2—b> 8—3b2
OO Ol 0Py ]y (b0 br st opt(a=gle

(2+b)—b(1_327;_1,2(?_1)2)01%62 and like-

addition, we also derive that D1y = 1 — p; + bpy =

24-b) (4+b—2b%)—(1—b2)(8—3b%)r+b(2—b?)c1 +(—8+9b% —2b%)ca
2(4—b2)(2—b2)

wise Dy =1 —po +bp; = ( . Consequently,

—b%)r—(2-b%)c C —b(1-b%)r—(2—b%)c C
TWE(r) = (py — wn)Dy + rDy = EHOHOPI @ tertter @MUV G Patte |

(24b) (4+b—2b2)— (1—b%) (8—3b%)r+b(2—b?)c1 +(—8+9b2—2b%)cp u
2(4—b2)(2—b2) :

r

Proof of Lemma 5. Following Lemma 4, we first check the concavity of w}V(r).

Er ) 2P0 (702 | (1-b?)(—1646b%)
az 4(4—b2)2 2(4-b%)(2-b?)

WR
fore, the first-order condition 2 " )

Since < 0, mVE(r) is concave in r. There-

= 0 results to the optimal transaction fee r* =

2(2+b)(8—3b—3b%+b%) —2b(1—b)(2—b2)c1 +2(1—b) (—164+9b%2 —b*)c2)
(64—26b2—3b%+56)(1-b) :

We have to verify the non-negative demand constraints in the mixed model (WR).

24b)B'+(2—b2)C" c1+bD’ o /
(2:4) 2(( 4_b2)) T where A’ =

Starting from the demand of product 1, since D}V =
64 — 266> — 3b* + 05 > 0, B' = 64 — 16b — 36b* + 126 + b* — 20° + b5 > 0, C' =

—64 + 28b% + b* — b5 < 0, and D' = 96 — 76b> + 17b* — b° > 0, DIVE decreases in ¢; but

2+4b)b(164+8b—10b2 —b3 —b* — b5 46
(2+b)b(16+ +b°) >0

increases in cy. In addition, if ¢; = 1 and ¢y = 0, D} = A

if b € (0,1). In conclusion, D}V > 0 for all ¢; € [0,1], co € [0,1] and b € (0, 1).

(24b) B +b(2—b2)C" c1+(4—b%) D" o
2(4—b2)(2—b2) A"

Considering the demand of product 2, since DJYF =
where A” = 64 —26b* — 3b* +b% > 0, B” = 128 — 16b — 88b* + 365 — 12b* — 150 + 16b° +
b" — 28 > 0, O = 80 — 48b% + 3b* + b5 > 0, and D" = —64 + 56b% + 7b* — 1365 + 258 < 0,

DYVE increases in ¢; but decreases in c,. Additionally, if ¢; = 0 and ¢, = 1, DYV'F =

2-4-b)b(48+24b—20b2+2b3 —22b* —10b5+14b% 4267 —208 .
(2:40)5( AT A7 L > 0if b € (0,1). To sum up, D¥E > 0 for

all ¢ € [0,1], ¢ € [0,1] and b € (0,1). Following above, since D}"f(r*) > 0 and

DYVE(r*) > 0, r* is feasible considering the non-negative demand constraints.
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(24+b)B+(2—b%)Cc1+Dea
2(2+b)(2-b2)A

Now we are able to compare p}" # and pi¥ 2. First, since p}" B—plV' ! =
where A = 64 — 2662 — 3b* + 15 > 0, B = b(8+ 20b — 8b% — 116 + 2b* + 1) > 0,
C = (64 +8b— 320> — 40> — b* + %) > 0 and D = —128 — 32b + 96b% + 600° + 4b* —

2705 — 1465 + 307 + 268 < 0, p}E — piV'E increases in ¢; but decreases in ¢,. Moreover, if

ci=cy=c, pVE - plVE = W > 0. Collectively, plV# > piVE for all ¢; > c,. O
Proof of Lemma 6.  Since I1/# is concave ( 2;? = —2(1 — ¢) < 0), we get the
optimal p; by applying the first-order condition dl;l[iR = 0 for manufacturer ¢ and yield
p; = (1_¢)(21(J1“EZ;‘)‘1')+Q, where ¢; = ¢ and ¢y = 0. Solving the two equations results to
pi = (2+b)((i:§’2))?12f$b°3‘i. The equilibrium demands and the intermediary’s profit as a
function of ¢ can then be obtained by plugging in p; into their formulas. O]

Proof of Lemma 7. Through several steps of arithmetic, we obtain h(¢) = —2(2 +

b)2¢ + 6(2 4+ b)2¢? + (—6(2 4+ b)2 — (2 + b)%bc + (362 — 4)c2)d + (2(2 + )2 + (2 + b)?be +
2 2 s IR (g)

(3b* — 4)c?) = 0 as the first-order condition —L== = 0. We then have h(0) = 2(2 +

b)? + (2 + b)%bc + (3b* — 4)c2. To show that h(0) > 0, note that % =2(3v* —4) <0,

which implies that h(0) is concave in ¢ and has its minimum at either ¢ = 0 or ¢ = 1.

The facts h(0)].—o = 2(2 + b)* > 0 and h(0)|.=1 = b> + 9b + 12b+ 4 > 0 together let us

conclude that h(0) > 0. Moreover, we have h(1) = 2(3b* — 4)c* < 0. As we also have

D) = —6(2+)*(¢— 1) —2(2+b)%be + (3b* — 4)c? < 0, we know h(g) starts at h(0) > 0,

monotonically decreases as ¢ goes up, and eventually reaches h(1) < 0. In other words,

[1E2(¢) is quasi-concave. Therefore, there exists a unique first-order solution qz € (0,1)

dinif(¢)
dg

that satisfies =0.

Now we take the constraints into consideration. First, Dy = (2£b)(1—¢)+be > 0. How-

(4-b%)(1—¢)
ever, D; = (2+b)(g11:bq;))zr1(:§;rb2)c >0ifc < (1_(?_#, le,p<op=1-— (2;:2)0. Therefore, if
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b < ngS, ¢ is optimal; if not, then ngS is optimal. O]

Proof of Proposition 3. When ¢ =0 and b =0, ¢ = max(b% = 1= quS Therefore,

we have ¢* = 2 and IIf# = ;. By plugging ¢ = 0 and b = 0 into Lemma 1, we
derive 7}V = L. The facts that II}#[,_.—g > 7]""|p—c—o and both profit functions

are continuous result in our first conclusion regarding the existence of by € (0,1) and

¢1 € (0,1). On the contrary, when ¢ and b both approach 1, ngﬁ approaches % and qg

approaches to a value around 0.81, which is greater than gg Therefore, ¢* = gfg = %

and TTEF = %. In this case, 7}V approaches infinity. Again, because all functions are

continuous, we obtain our second conclusion regarding the existence of by € (0,1) and

&y € (0,1). 0

Proof of Proposition 4. Consider the case that ¢ = %. Through several steps of arith-

tic, we obtain A(@)],_s = 2BLC L (1)2p0 g0 gy (4)2 (2 428) (324
metic, we obtain (gzﬁ)lc:% = 5% +(3)70( )(2+b)+(3) 5575 ) ( )-

~

It can be verified that h(¢)] s >0 forall b e [0,1),which implies that ¢* = ¢ when

c=

¢ = 3. We then have HfR(cﬁ*)\c:% = %. The comparison between the two

models can be conducted by investigating the sign of

g(b> - H?R(d)*”c:% - W}/‘/W’c:%
(b4 1)°(4b* +5b+2)  44b° + 61b° 4 68b + 52
5(b+2)(b2 — 2)2 50(b —2)2(b+2)2(1 — b)
_40b® + 54b7 — 2495° — 278b° + 478b* + 544b® — 204b* — 208D + 48
B 50(b — 2)2(b — 1) (b + 2)2(b% — 2)2

It can be easily verified that there are exactly 2 roots by and by for g(b) in [0, 1] such that
g(by) =0, g(by) = 0 and by ~ 0.216 < 0.606 = by. Given the facts that g(0) = —505 < 0,
g(b) = —oo as b~ 1, and g(3) ~ 0.0196 > 0, we conclude that g(b) > 0, we conclude
that g(b) < 0 if b < by or b > by and g(b) > 0 if b € (by,by). The statement in the

proposition then follows due to the continuity of all profit functions. m
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Proof of Lemma 8. Applying backward induction, we start from the optimal prices.

2. ERR . !
First, since 7222 is concave ( 7;;? = —2 ) where i = 1,2, we get the optimal p; by
dr i 1+bps—i+ci+r;

applying the first-order condition = 0 and yield p; = Solving the

dp; 2

(2+b)+2(7’i +Ci)+b(T3_i+C3_i)
4—b2

two equations results in pf(ry,re) = , which is the optimal price

responding to 7.

Considering the interaction between manufacturers, the intermediary sets r; and 79

to maximize his profit

7ERR(py ry) = max,, ., 11Dy + 12Dq

= MaX,, (11 +1r2) — (r1 — bra)pi(r) — (r2 — bra)ps(r)

((2+b)+b62 —(2—b2)(61 +T’1))7‘1 +((2+g)+b61 —(2—{)2)(02 +T2))T‘2 +2brire
4—b :

= MaXy ry

We first check the concavity of the profit function, since

| e 2b
=ip )
2b —2(2 — b?)

V27TFRR(7”1, 7“2)

. . o _9(2—p?
and its leading principals are 24(31721’ ) <0 and

2
—2(2-0) 2b 4(2-b)2—(2b)2
152

2b —2(2 — b?)

(4+2b—2b2) (4—2b—2b%)
4-b2

>0

given b € [0,1), TFER(r, ry) is negative semi-definite. Therefore, the intermediary op-

timally sets the transaction fees by applying the first-order condition. Let’s omit the

ERR
omy

ory

constraints for a while. The first-order condition gives us = 0, which implies that

2+b)+bca —(2—b? 2 _
Py = — (ZHb)+ber (2b Nert2m) Similarly, we have r; = —

(24b)+bca—(2—b2) (c1+2r2
2b

), Solving the

o4
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two equations leads to r} = ﬁ — %cl and 75 = 2(1—1_17) — %CQ. Furthermore, we can derive
the profit of the intermediary
RERR(px g2y = ((24b)+bea—(2=b%) (c1+7]))ri+((2+4b) +ber — (2= (ca+75))r5 +2brirs
I 1772 - 4—b2

2(24b)~2(1-b)(2+b)(e1+c2) ~2b(1D)ercat (2-b) (1-b)(F +c3)
2(1-5)(4—?)

Finally, we check the ignored constraints. Plugging r; and 7 back into p;(r1,72) and

pa(r1,79) yields pt = (2+b)(3— b()1+2b()1(4b)bc21)+b(1 bea o4 Py = (2+b)(3— 22b()1—-2b()1(4b)b022)+b(1 et Then

(24b)— (b2 —2)ca+bcy >D, =1 — +bp — (24b)—(b%—2)ci +bea >0

we have Dy = 1 —py +bpy = 5(1=07) 2(4—b2)

for all b € [0,1),¢; € [0,1] and ¢; € [0,1]. This completes the proof. O

Proof of Proposition 5. We may show that the intermediary can well simulate the

product prices in the mixed model by operating the transaction fees in the enhanced plat-

B(r) = (2+b) (3—b%)+b(5-26%)r+(2—b?)c1+b(3—b)ca

. W
form model. According to Lemma 4, we have p; @—5%) (2—5%)

and py B(r) = (2+b)(4+b_2b2)+(2?4big;’)?2r_zbz()2_b2)cl+(8_3b2)62. In contrast, according to Lemma
8, we have pPfil(r ry) = (2+b)+2(”+Zi_);;b(r3"’+c3‘i), where 7 = 1,2. Solving the two equa-
tions pPRRE = pWR and pERR = pIVE Jeads to ry = EHDFEE= bz();” bg(f Pleitbes and ry = 7.

In addition, we have to prove that the profit of the intermediary is higher in the
enhanced platform model than that in the mixed model. Since the product prices are
the same, the demands of both products are also the same. Consequently, we only
have to compare the margin profit of each products. For the product 2 part, the mar-
gin profits are the same in both models, i.e., ro = r. For the product 1, the margin

WR

profit is r; in the enhanced platform model and the margin profit is pl" — wV% in

the mixed model. The difference between the margin profits in two models is D(r) =

24b)+(3—b2)br—(2—b2)c1+be 24b)(3—b2)+b(5—2b2)r+(2—b2)c1 +b(3—b2)c
r— (pVE — wWRY = (2+6)+( 2()2—1)2() Jertbes (( +b)(3=b7)+ ((4_62))(;_(b2) Jer+b(B3—b%)co

(2+b)—(l—bg)br+(2—b2)cl+b02) _(24b)—b(1—-b)r—(2— b2)c1+bcz
2(2—b?) - (4-b2)(2—b2?)
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It can be observed that D(r) is decreasing in r. Therefore, if we can find a r’ greater

than the optimal transaction fee 'V such that D(r') > 0, we show that D(r'V) > 0.

. _ 2(2+b)(8—3b—3b2+b?) 2(24b)(8—3b—3b2+b3)—2b(1—)(2—b2)c1 +2(1—b) (= 164962 —b%)ca

By plugging r’ = a-bye2—298) ~ = (64726b273b4+b6)317b) ¥
. 2+b)(64—45b—10b%+12b3+4b* —2b5)+(64—29b) (be2 —(2—b?)c

WE into D(r), we have D(r') = & ) J(r4_b2;r(2_b2)(6z):égb) Jbea—(2=b)er) - 14

can be prove that D(r") > 0, since D(r') is increasing in ¢z but decreasing in ¢y, and

o 2 3_AnD
D(")|e,=1.0p—0 = bg{bg) éffbgfgjdggy >0forallbe0,1), ¢ €[0,1] and ¢ € [0,1]. O
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