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Abstract:

In this paper we study the effects of the introduction of a new two sided platform endowed with
artificial intelligence in a market where a firm provides a brick and mortar platform to buyers and sellers.
In our theoretical model we show that the decision of whether to introduce the new platform depends on
the reduction of the search cost for the consumers. We also show that the introduction of the platform
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introduction of the platform opening the discussion on whether certain artificial intelligence devices for
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1. Introduction

In many industries, intermediaries provide platforms that enable transactions between buyers and
sellers. This has been increasingly so as trade shifts from brick and mortar businesses to the digital world.
In recent years, the development of Internet of Things (IoT) has allowed for simplified access to the e-
commerce. For instance buyers and sellers can now use apps to trade, or transactions can occur via voice
activated devices such as Echo dot from Amazon, Google Home from Google, or the Home Pod from Apple.
Other examples of IoT facilitating transactions are the dash buttons sold by Amazon and that allowed
for immediate purchase of a given product just by the pressing of a button. Also, some intermediaries
have recently started to offer their buyers a personalised and smooth shopping experience. This is the
case of Nordstrom offering fashion advice through its Trunk Club or Alibaba who opened its first fashion
Artificial Intelligence concept store in 2018. All these examples have in common one feature: an existing
intermediary introduces artificial intelligence to facilitate and in some cases even remove completely the

shopping experience of the buyers.

Although the application of artificial intelligence to the daily life is experiencing an exponential
development, its effect on the current e-commerce remains to be analysed. Namely, in this paper we
determine the conditions under which it is profitable for intermediaries to introduce a new artificial
intelligence platform in the market. We are able to determine for which type of products is it profitable
to add the artificial intelligence. We also study the effects in terms of pricing of the platform for the
buyers and sellers. We do so by analysing a specific market where an intermediary provides a conventional
platform that brings together buyers and sellers. This platform has the characteristics of a two-sided
market, namely, buyers utility is increasing in the number of sellers in the platform and the sellers surplus
is increasing in the number of buyers in the platform. The intermediary faces the choice of introducing a
new technology /artificial intelligence platform that reduces the search cost of the buyers, providing them
additional surplus. This additional surplus can result from a recommendation system, lower transportation
costs, and in general more shopping convenience. We abstract from the costs of developing the platform,
focusing solely on the demand effects of its introduction. Buyers and sellers are also able to trade in
the brick-and -mortar business which constitutes our outside option. Finally buyers and sellers have
heterogeneous preferences regarding the traditional internet platform vs the brick-and-mortar business
and vs the artificial intelligence platform. This way we capture the idea that some users will be more tech

savy and able to use the new technologies while others still prefer traditional shopping methods.

For the sake of illustration we will take the example of Amazon who introduced in 2014 the Dash Button
service. The Dash Button is a Wi-Fi connected device that allows users to instantly order household items
that they are about to run out of. For example, if buyers have a Detergent K Dash Button installed at
home, then they only need to push the button to automatically order their favorite detergent. With the
Dash Button, buyers can enjoy not only the low search or transportation cost in the shopping process
and but also the smaller risk of running out of household items. Due to its convenience, the Dash button
became popular within some Amazon users. According to a survey in 2017E|, 63% of users are very likely
to purchase additional buttons in the future. In addition, for some products, more than half of all orders
were transacted through Dash Buttons. It is worth emphasising that Amazon offered the Dash button for
free to the buyers ($5 rebatable on purchases) and charged the sellers $15 per button and a percentage

“https://blog.fieldagent .net/pushing-all-the-right-buttons-survey- of - amazon-dash-users-mobile-research-survey
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over the sales. This pricing is different from the fees charged by Amazon in its conventional platform.
Additionally, the dash button was not recommended by Amazon for all its products, but only for products
with low search cost and with high repeated purchases such as household items. Currently Amazon is
focusing on developing its intelligent system Alexa. Compared with the Dash Buttons, Alexa can give
buyers more flexibility and convenience. For example, Alexa can provide information on when Packages
arrive, it can scan your home products and automatically add them to your shopping carts, and it can place
orders for just by voice activation. Since Amazon allows approved third-party users to develop Alexa, it
rapidly becomes an independent platform that is capable of supporting its customers with 10,000 skillsﬂ By
analyzing our model, we obtain the intermediary’s pricing strategy and the motivation for the intermediary
to introduce a new tech platform that uses Al technology to the two-sided market. Specifically, we have the
following findings. First, we find that an increase in the additional surplus of the AI technology attracts
more users to the new platform while fewer users to the conventional platform. Together, the technology
advancement brings more users to the intermediary overall. Although the additional surplus of the Al
technology affects the demands (supplies) of the platforms in an intuitive way, its effect on the member
fees of the platforms is uncertain. It turns out the effect of the additional surplus of the AI technology
depends on the network externalities in the two sides of the two-sided market. In addition, we find that the
introduction of the new platform may not necessarily lower the member fees of the conventional platform.
Although the underlying competition may move down the member fee on the traditional platform, the
intermediary may increase it to attract more users to the new platform and to generate more network
effect there. Specifically, we find that when the buyers generate more network externality to the sellers,
the intermediary will charge a higher buyer’s fee after the introduction of the new tech platform, and
vice-versa. Moreover, we point out that the introduction of the new tech platform may not always benefit
the intermediary, in which case the intermediary would keep the traditional platform only. In detail, we
find that it is always profitable for the intermediary to introduce the new tech platform to the two-sided
market when products have smaller network externalities. This is true even when the additional surplus
generated by the tech platform is small. However, for products that have large network externalities, it
is profitable for the intermediary to introduce the new tech platform only when the additional surplus by
the tech platform is large. Lastly, we also predict that the intermediary would find it optimal to replace
the conventional platform with the new tech platform altogether when the additional surplus by the tech

platform is sufficiently large.

The remainder of the paper is organized as follows. We first review related literature in section 2. Then
we present the model before and after the introduction of the new tech platforms respectively in section 3.
Based on that, in section 4 we focus on the symmetric market and explore the changes in market structure

due to the introduction of new tech platform and conclude in section 5.

2. Literature Review

Our research contributes to investigating how the introduction of AI technology affects the economics
of intermediary. As indicated by the previous studies, intermediaries play a critical role in the current
e-commerce market (Rysmanl 2009). It not only improves social welfare by minimizing inefficient searching
between buyers and sellers (Biglaiserl [1993; [Yavag, [1994)), but also alleviates the potential moral hazard

problem and certificate high product quality for buyer (Kirmani and Akshayl 2000; [Li, |1998; Biglaiser

Shttps://www.wired.com/2017/02/amazon-alexa-hits-10000-skills-plenty-room-grow/
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land Friedman| [1994; [Rubinstein and Wolinskyl [1987). The conventional wisdom in the intermediary

economic literature suggests that intermediaries act as middlemen or experts in the market. More precisely,

intermediaries buy products from producers first and then resell the products to buyers at a higher price.
However, with the development of internet technology, the economics of intermediary changes. Current
emerging intermediaries like Uber and Airbnb no longer claim the possession of the products on the website,
they now function as a pure platform in the two-sided market(Rochet and Tirolel [2004albl 2006) or multi-

sided market (Hagiu and Wright, 2015) - market in which two or more distinct groups interact with via a

platform.

The two-sided market is complex. Although there was a growing literature in last two decades on

the general role that intermediaries play in the two-sided market, the intermediaries’ adoption of Al

technology has surprisingly received scant attention, except a few empirical studies (Mohring, [Michael et|

[al.,2017; |Oyedele and Simpsonl, [2007). Thus it is difficult for us to capture all specificities of all industries.

In our study, we focus on the online intermediaries that introduce AI technology to the market and we
are curious about how the introduction of AI technology can influence the two-sided market structure.
Following , we take the matching process between two sides of the market as given. In
addition, we take into consideration the cross-network effects or externalities in the two-sided market.
Specifically, we assume that each member benefits more from the transactions in the two-sided market
when more members from the other side are available . The simplifications help us to

understand the critical aspect of the study: the change in the two-sided market due to the introduction of

AT technology. As indicated by [Farah and Ramadan| (2017)), technologies like AT could significantly change

buyers’ behavior, market structures and so on. Hence, it is crucial to explore the potential changes that

AT technology bring to the market.

In contrast to the established models of two-sided markets where one intermediary(company) runs
only one platform, in our model the intermediary owns two platforms. One represents the conventional
platform, the other represents the new platform which uses AI technology. Although both platforms

share the same owner, there still exist competitions between them. Consequently, our study extends the

literature in two-sided platform in both the strand of competition (Caillaud and Jullien, [2003; Loginoval

land Mantovanil, 2019) and the strand of platform pricing. First, we contribute to the literature on two-

sided platform competition by allowing platforms to share the same owner and by introducing quality

heterogeneity to the model in an innovative way. To investigate the potential competition between the

conventional platform and the new platform, we follow Rochet and Tirole (2003) to adjust the Hotelling

model. Instead of having the outside option on one end of the Hotelling line, we have it on both ends of the
line. In other words, it is equivalent to a Salop circle model, which enables us to eliminate the technical
issue of the “corner" difficulties and make it simpler to analyze the qualitative equilibrium
properties of the model. Moreover, it avoids the potential distortions that could be introduced by the
relative positions of two platform on the Hotelling line. We also introduce vertical differentiation in a

similar way as (2016)) to distinguish two platforms. Particularly, we use the quality heterogeneity
of platforms to model the convenience provided by Al technology.

Secondly, since the intermediary can determine the access or member fee of both the conventional

platform and the new tech platform, our study also contributes to the literature on platform pricing. In

[Rochet and Tirole| (2003)), intermediary devote much attention to how it courts each side of the market. In

most cases, the intermediary makes profit on one side of the market while it subsidizes the other side. As
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pointed out by |Armstrong| (2006)), the equilibrium member fees of the intermediary depend on the relative
magnitude of the cross-group externalities on both sides of the market. Specifically, the intermediary
usually charges a high member fee on the side that generates a smaller network externality and charges
a low, even negative, member fee on the side that generates a high network externality. Based on their
research, our paper adds a new tech platform to the two-sided market. In our study, the intermediary not
only can coordinate the member fees on both sides of the same platform, but it can also coordinate the
member fees of different platforms. In addition to the previous finding, we observe that the intermediary
may manipulate the member fees of different platforms to reduce competition. This implies that the
intermediary may charge a high price on one side of one platform while charging a low price on the same

side of the other platform.

3. Model

The players in our model are buyers, sellers, and a large intermediary. The intermediary owns a platform
(platform A) that brings together buyers and sellers. The intermediary operates as a dominant firm and is
considering the introduction of a new platform in the market (platform B) where buyers obtain additional
surplus due to the reduction of search cost. Buyers and sellers are heterogeneous in their preference for
the platform. This model can have different interpretations: i) The intermediary owns a large physical
marketplace such as Macy’s or El Corte Ingles and is considering offering an online platform ii) The
intermediary owns an online platform such as Amazon and is considering introducing a new platform with
some new characteristics, such as Amazon Alexa. iii) The intermediary owns a platform such as Nordstrom
and is considering the introduction of another platform that adds fashion advices to buyers such as the
Trunk Club. The buyers and sellers can also interact in the brick and mortar businesses, which we assume
to operate as a competitive fringe in the competitive market and constitutes an outside option in the

monopoly market.

In this market, buyers and sellers benefit from cross-network externalities, meaning that the higher
the number of sellers in the platform, the higher the utility of the buyers and vice-versa. As such, we
treat the platforms as two-sided markets. In what follows, we first analyze the optimal pricing strategy of
the intermediary in the monopoly market when it offers only the conventional platform (A), and then we
study the optimal pricing strategy when the intermediary offers also the tech platform (B). We compare the

profits and find conditions under which introducing the new tech platform is optimal for the intermediary.

3.1. Scenario 1: Baseline

The intermediary owns platform A only. Since the firm operates in a two-sided market each member
of the platform benefits more from the transaction when there are more members on the other side of the

market. Consequently, the net surplus of buyers and sellers using platform A takes the form

U(z) =u®+V(g*) — p} — tox (1)
S+ V(") —pf —tex (2)

Here, UY(x) is the gross utility of platform A for users on side g € {b, s}, u9 is the standalone utility of
platform A on side g € {b, s}, p{ is the fixed membership fee charged by platform A on side g € {b, s} in
scenario 1, x is the distance between the platform and the user’s ideal location, and ¢, is the transportation

cost on side g € {b,s}. We use functions V({) to denote the transaction gains of users when there are
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¢ members on the other side of the platform. In other words, V(¢) measures the positive cross-network
network effect stemming from ¢ users on the other side of the platform. We assume V' (¢) takes the linear

form e x £ , where e measures the network externatility in the market.

Suppose that both buyers and sellers are heterogeneous in their preference for the platforms. The
heterogeneity is represented by a variant of the Hotelling speciﬁcatiorﬂ buyers and sellers are uniformly
distributed in two Hotelling lines, one for the buyers and one for the sellers. Specifically, platform A
is located within the Hotelling line, and the outside option is at the two ends with the net surplus of
u9 on the side g € {b,s}. The distances between platform A and two outside options are di®(d4©)
and diP 4 dBO (dAB + dBO) respectively on buyer’s (seller’s) Hotelling linem The distance parameters
between any two platforms measure the degree of substitutability between those two platforms as perceived
by the buyers/sellers. When the distance between the two platforms is large, those two platforms are less
substitutableﬂ E| The timeline of moves in the model is as follows. First, the intermediary determines
member fees on both sides of the market for platform A. Then, all sellers and buyers choose between
platform A and the outside option O simultaneously. Given the timeline of the model, we start by
determining the demand and supply of platform A. In this setup, we are able to observe the same implicit

demand of platform A on the side g € {b, s}, which takes the following form:

o (A0 +dB 4 dBOY, + 2eqy? — 2p]
41 2,

3)

where g7 is the demand on the side g € {b, s} in scenario 1, and ¢; ¢ is the demand of the other side of
g € {b,s}. According to equation (3), the number of user on one side of the market is increasing in the
number of users on the other side of the market. In addition, it is decreasing in the member fee charged by
the platform. We assume for simplicity and without loss of generality that both the transportation costs
of sellers ¢, and of buyers t4 are equal to 1. Solving the simultaneous equation [3] we are able to get the

explicit demand and supply of platform A as follows:

1
@ = 55 (07 + i +d70) + e(d” + 7+ d7) — 2ep] — 2p]) (4)

1
q = m[(dfo +dP +dP9) + e(d)'P + dif + df) — 2ep} — 2p3] (5)

Consequently, the profit of the intermediary equals:

™ = pia} + pia; (6)

6We use a similar model as Rochet & Tirole (2003) since adjusting the Hotelling model enables us to eliminate the technical
issues that are induced by the locations of the platform after the introduction of the platform B.

7"We define the distance between platform A and one end of the Hotelling line as the sum of two parts d458 and dB© for
convenience. This will become clear upon the introduction of platform B

8Note that we allow the platform locations on the buyer’s Hotelling line to be different from their locations on sellers’ Hotelling
line. This is because the substitutability between two platforms in buyers’ regard could be different from that in sellers’
regard. For example, Amazon Alexa might be quite different from the Amazon marketplace for buyers because of its unique
and innovative shopping method, while sellers who care more about shipping, storage, and business mode Amazon Alexa
and Amazon marketplace are similar. We later simplify this assumption by allowing all distances to be equal.

9Equivalently, we can also view the Hotelling line as a Salop Circle where the two endpoints of the Hotelling line overlap
with each other.
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Under Assumption [I} the optimal member fees for the buyer and the seller are unique and given

respectively by:

o, _ 40+ it +d0
by =

1 (7)
o dpP +ddP 4+ alo
pix = 1 (8)

Corresponding, the number of users on platform A at equilibrium are:

b, 2[d)° + di'B + dPO] + 2e[dfC + ditP + dFO]
8(1 —e¢)(e+1)
2[d0 + dtP + dPO) + 2¢[dC + df'P + dPO]

aix = 8(1—e)(e+ 1) (10)

Proof. See the Appendix[A71] m
3.2. Scenario 2: conventional platform and Tech Platform

In this section, we analyse the changes when the intermediary introduces a new tech platform B into
the market. It represents a new emerging platform in the current e-commerce market. On the one hand,
the introduction of tech platform attracts more users to the intermediary, stealing business from the brick
and mortar stores. On the other hand, it may diminish the number of users on the conventional platform
through potential competition. Consequently, how the introduction of new tech platform may influence
the market structure is unclear. Here, buyers’ net surplus of using platform A and platform B take the

forms

Ulo(2) = uP + Valgha, aha) — P — @ (11)
Uy () = u® + VB(qha, aha) — Pha —x + s (12)

where U}, () is the buyer’s net utility in scenario 2 if it chooses platform A and U%,(z) is the buyer’s
surplus if it chooses platform B, u® denotes the buyer’s standalone utility of using platforms; ‘qu( B2 denotes
the number of sellers on platform A (platform B), pi‘( B2 denotes buyer’s member fee to join platform A
(platform B), and V4 (p) denotes the network externality on platform A (platform B). Specifically, the
network benefits generated by two platforms are V4 = e(q%s +7¢5,) and Vi = e(¢h, + 7¢%-) repectively.
In these formulations, the parameter v € [0, 1] measures the compatibility between two platforms. When
~ equals zero, there is no compatiblity between two platforms. However, when v equals one, there is full
compatiblity between two platforms. In addition, we use s to denote the additional surplus the buyers are
able to enjoy on platform B, which you could either view as the reduction in transaction cost or search

cost.

Assumption 1 We assume throughout the paper that 1 > ~v > L. Otherwise, the network externality

3
2
€< 373y
Assumption [I]introduces an upper bound on the network effect which guarantees that all platforms are
active in the market and that the profit of the intermediary is concave in both the monopolistic market

and the competitive market. We assume that platform B is located in the interval between platform A
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and the outside option with a distance of d’;B + dfo on the side g € {b,s}. Specifically, the distance
between platform A and one end of the Hoteling line equals d{;‘o (d49), the distance between platform B
and platform A equals d;;‘B (d4B), and the distance between platform B and the other end of the Hotelling
line equals d2© (dB9) on the buyer’s (seller’s) side. With the introduction of tech platform B, we are able

to derive the implicit demands of platform A and platform B as follows:

b i+ diP — eqhy + 20, + Py — 200y — 5+ Y (—eply + 2eply)

qA2 5 (13)
o, = B0+ AP0+ 2eahy — ey = 20y + Plhy + 25+ 7(—ephy + 26plyo) (14)
B2 —
2

Following the same method, we can derive implicit functions of supply ¢%, of platform A and supply g%,

of platform B in scenario 2 as:

s A0 4+ ddB — fqby 4+ 2fqbs + Do — 2050 + V(= fPhs + 21D%5)

a2 = 5 (15)
s = dtB +dBO +21q%, — fdho — 2050 + Doy + V(= Do + 2/D%5) (16)
B2 —

2

Combining the implicit demand and supply functions on both platforms, under fulfilled expectations,
we can obtain the get the explicit functions of demands and supplies of platform A and platform B. This
expression can be found in the Appendix [A.2] Based on the model setup, the profit of the intermediary
that owns both platform A and platform B equals:

b b b b (b b b b (b b
T2(PA2: PB2: DAz, Ph2) = PA2da2(Pa2, PBas Pz P2) + PB2dp2(Phz: PB2, Paz, Pha)
b b b b
+ Ph2@h2(Pa2, PB2: Pazs P2) + PB2dB2(Pa2s P2y Paz: Ph2)
The intermediary maximizes its profit by choosing a seller fee and a buyer fee for each platform. The
following proposition gives us the optimal member fees.

Under Assumption |1} the buyer’s optimal member fee pi’m on platform A, seller’s optimal member fee
p%, on platform A, buyer’s optimal member fee p%, on platform B, seller’s optimal member fee p%., on

platform B are respectively:

. 3di'B + 2d0 + dBO

Pa2 = 6 (17)
Py = 3d4B + 2%;40 +dB° (1)
b= 3dB + d;,“06+ 2dP° + 3s (19)
P, = 3d4B + 2céfo + d49 (20)

Proof. See Appendix[A:3] =

3.3. Scenario 3: Tech Platform

In this section we study the case if the intermediary decides removes the conventional platform A and

keeps only platform B. Similar to section [3.I] the net surplus of buyers and sellers using platform B takes
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the form

Given the net surplus of both sides of the market and the symmetric assumption, we are able to get the

explicit demand and supply of platform B as:

(dAO + dAB + dBO) + 2eqs — 2p% + 2s
2
(d2© + d2P 4 dB°) + 2eq} — 2p
2

wo

q3 = (23)

(24)

q3 =

Solving the simultaneous Equation [24] and Equation we are able to get the explicit demand and supply

of platform B as follows:

1

65 = 555 (A7 + ' + %) + e(dfC + dfF + dJ7) — 2ep5 — 2 — 2] (25)
1

=55 (a0 + dtB + dBO) + e(df!@ + di'B + dPO) — 2eph — 2p§ — 2es] (26)

In this context, the profit of the intermediary that operates only platform B equals:

™3 = pyas + P3g;
The optimization of the intermediary’s profit gives us the optimal member fee on platform B as shown in
the following proposition.

Under Assumption [1} buyer’s optimal member fee p® on platform B, seller’s optimal member fee p* on

platform B are respectively:

y A0 +diAB +dBO + 25

Pp3* = 1 (27)
. dA0 4 gAB 4 gBo
3* = 4 (28)

Corresponding, the number of users on platform A at equilibrium are:

b, _ 20(dfC + ditP + dP9) + 25] + 2e(d + dtP + d70)

q3* = 8(1—e)(1+e) (29)
s 2(d49 + dAB 4 dBO) 4 2¢(dC + dAB + dBO + 25)

qs* = S(L—e)(1+e) (30)

4. Competitive Market

To investigate the influence of competition, we introduce a competitive fringe to our model in this
section. The players in our competitive model are buyers, sellers, a large intermediary and a competitive

fringe. The intermediary owns a platform (platform A) that brings together buyers and sellers. The
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intermediary operates as a dominant firm and is considering the introduction of a new platform in the
market (platform B) where buyers obtain additional surplus due to the reduction of search cost. Different
from the monopoly market, the introduction of new tech platform in the competitive market not only
influences the intermediary’s pricing strategy, but also affects the strategies of the competitive fringe.
Similar to the analysis of monopoly market, we first analyse the optimal pricing strategy of the intermediary
in the competitive market when it offers only the conventional platform (A) and then we study the optimal
pricing strategy when the intermediary offers also the tech platform (B). We compare the profits and find

conditions under which introducing the new tech platform is optimal for the intermediary.

4.1. Competitive Scenario 1: conventional platform

This section analyzes the scenario where the intermediary owns platform A only. In this scenario,
there are two platforms in the market. One is platform A that is operated by the intermediary, the other
is platform O operated by the competitive fringe. The players in our model are buyers, sellers, a large
intermediary, and a competitive fringe of firms. In this market, buyers and sellers benefit from cross-
network externalities, meaning that the higher number of sellers in the platform, the higher utility of the
buyers and vice-versa. As such, we treat the platforms as two-sided markets. Consequently, the net surplus

of buyers and sellers using platform k € {O, A} takes the form

Up(z) =u’ + V(g)) — py — tox (31)
u® 4+ V(q)) — pi — tew (32)

Here, U (x) is the gross utility of platform k € {O, A} for users on side g € {b, s}, u9 is the standalone
utility on side g € {b,s}, py is the fixed membership fee charged by platform k on side g € {b,s}, z
is the distance between the platform and the user’s ideal location, and ¢, is the transportation cost on
side g € {b,s}. We use functions V' (¢) to denote the transaction gains of buyers and sellers respectively
when there are £ members on the other side of the platform. In other words, V(¢) measures the positive
cross-network network effect stemming from ¢ users on the other side of the platform. We assume V;(¢)
takes the linear form e x £, where e measures the network externatility on buyer’s side and seller’s side

respectively.

Both buyers and sellers are heterogeneous in their preference for the platforms. The heterogeneity is
represented by a variant of the Hotelling specification E buyers and sellers are uniformly distributed in
two Hotelling lines, one for the buyers and one for the sellers. Specifically, platform A is located within
the Hotelling line, and the competitive fringe O is at the two ends E The distances between platform
A and two ends are d%,(d%p) and d%p + d%, (d% g + d3p) respectively on buyer’s (seller’s) Hotelling
linelE The distance parameters between any two platforms measure the degree of substitutability between
those two platforms as perceived by buyers/sellers. When the distance between the two platforms is large,

those two platforms are less substitutableﬂ The timeline of moves in the model is as follows. First, both

100ur model uses a variation of the Hotelling line as [Rochet and Tirole| (2003). The adjustment of the Hotelling model
enables us to eliminate the technical issues of platform location induced by the introduction of platform B.

HEquivalently, we can also view the Hotelling line as a Salop Circle where the two endpoints of the Hotelling line overlap
with each other.

12We define the distance between platform A and one end of the Hotelling line as the sum of two parts dag and dgo for
notation simplification. This will become clear upon the introduction of platform B

13Note that we allow the platform locations on buyers’ Hotelling line to be different from their locations on sellers’ Hotelling
line. This is because the substitutability between two platforms in buyers’ regard could be different from that in sellers’
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the intermediary and the competitive fringe determine the member fees on its own platform respectively.
Then, all sellers and buyers choose between platform A and platform O. Given the timeline of the model,
we start by determining the demand and supply of platform A and platform O. In this setup, we are
able to observe the same implicit demand of platform k € {O, A} on the side g € {b, s}, which takes the

following form:

0 2007 — 1)) +2e(q — g ) + ty(dho + dhp + d50)
Qe = 5 (33)
)

where ¢} is the demand of platform k € {O, A} on side g € {b, s}, ¢? , is the demand of the competitive
platform of k on side g € {b,s}, ¢, 7 is the demand of platform k on the other side of side g, and ¢_{ is
the demand of the competitive platform of platform k on the other side of side g. According to equation
(3), the number of users on one side of the market is increasing in the number of its users, who are using
the same platform but are on the other side of the market. However, the number of users is decreasing
in the number of its competitor’s users on the other side of the market. In addition, it is decreasing in
the member fee charged by the platform while increasing in the member fee charged by its competitor.
Solving the simultaneous equation we are able to get the explicit demand and supply of platform A as
shown in the Appendix Consequently, the profit of the intermediary equals:

Tk = Phah + Pias (34)

We assume for simplicity and without loss of generality that both the transportation costs of sellers ¢, and

of buyers t, are equal to 1.

Under Assumption [I} there is a unique symmetric equilibrium in the market, and it is given by:

b, _ dao +dip +dpo — 2e(dio + diyp + djo)

P 5 (35)
P = djo +dip+dpo — ge(d%o +dyp +djo) (36)

Proof. See the Appendix[A26] m
4.2. Competitive Scenario 2: conventional platform and Tech Platform

This section analyzes the scenario where the intermediary owns platform A and platform B. In this
scenario, there are three platforms in the market: platform A, platform B and platform O. Among them,
platform A and platform B are operated by the intermediary, and platform O is operated by the competitive
fringe. The intermediary operates as a dominant platform A and is considering the introduction of a new
platform in the market (platform B) where buyers obtain additional surplus. This additional surplus could
come from variable sources, including but not limited to, the improvement of the recommendation system,
the reduction of search cost, and the great convenience provided by artificial intelligence. On the one

hand, the introduction of a tech platform attracts more users to the intermediary, stealing business from

regard. For example, Amazon Alexa might be quite different from Amazon marketplace for buyers because of its unique
and innovative shopping method. However, Amazon Alexa and Amazon marketplace are similar for sellers because they
care more about shipping, storage, and profit than shopping experiences. We later simplify this assumption by allowing
all distances to be the same.

11
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the brick and mortar stores. On the other hand, it may diminish the number of users on the conventional
platform A through potential competition. Consequently, how the introduction of a new tech platform

may influence the market structure is unclear.

To investigate, we first check the surplus of users on each side of the market. In the second scenario,
buyers’ net surpluses of using platform O is the same as the previous section. However, the utilities of

using platform A and of using platform B take the following form respectively:

Uh(z) = v’ + Valdh, af) -y — @ (37)
Up(z) =ub + s+ Vp(gh, qp) — v — (38)

where U} () is the buyer’s net utility if it chooses platform A and U%(x) is the buyer’s surplus if it chooses
platform B, qz( B) denotes the number of sellers on platform A (platform B), pf’q( B) denotes buyer’s member
fee to join platform A (platform B), and V() denotes the network externality on platform A (platform B).
Specifically, the network benefits generated by two platforms are V4 = e(¢% +v¢%) and Vi = e(¢h +v4¢%)
respectively. In these formulations, the parameter v € [0,1] measures the compatibility between two
platforms. When v equals zero, there is no compatibility between two platforms. However, when v equals
one, there is full compatibility between the two platforms. In addition, we use s to denote the additional
surplus the buyers are able to enjoy on platform B, which you could either view as the reduction in
transaction cost or search cost. We assume that platform B is located in the interval between platform
A and the outside option with a distance of d% 5 + d%, on the side g € {b,s}. Specifically, the distance
between platform A and one end of the Hoteling line equals d%, (d%), the distance between platform B
and platform A equals dii‘ g (d% ), and the distance between platform B and the other end of the Hotelling
line equals d%, (d0) on the buyers’ (sellers’) side. With the introduction of tech platform B, we are able

to derive the implicit demands of platform A, platform B, and platform O as follows:

p% —|—pbo — 2105’4 + 2eqy — evqh —eqp + 2evqy —eqd — s+ d%B + d%o

¢ = 5 (39)
o — P% — 2p% + pb — eqly + 2e7q) + 2eq) — evgh — eqd + 25 +dbyp + dp (40)
b =
2
b= P+ 0% —20% —eqd — ey — eqly — ey + 2eqd, — s+ do + d%o (41)
b=
2

Following the same method, we can derive implicit functions of supply ¢% of platform A, supply ¢3 of
platform B, and supply ¢, of platform O as:

s _ PB —|—pso—2pf4—|—26qf’4—e’yq%—eq%—FQe’yq%—eqbo—s+df43—|—df40
8 =

42
q 5 (42)
g = VA= Wb b - ey + 2evqhy + 2eqy — evgl — eqly + 25 + di g + dp (43)
s —
2
o DA DE =208 —edly — ey — eql — evaly + 2eq) — s + di o + dio
do = 9 (44)

According to the implicit demand and supply functions, the number of buyers (sellers) of one platform is
always decreasing in the platform’s buyer (seller) fee, while is increasing in the buyer (seller) fee on other

platforms. Because of cross-network externality, the number of users on one side of a platform is always
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increasing in the number of users on the other side of the same platform. On platform O, the number
of users decreases in the number of users on the other side of platform A and platform B. However, the
relationship between platform A and platform B depends on the compatibility between two platforms.
When the compatibility - is larger than %, the number of users on one side of platform A (B) is increasing

in the number of users of platform B (A) on the other side. Otherwise, it is the opposite.

Combining the implicit demand and supply functions on both platforms, under fulfilled expectations,
we can obtain the explicit functions of demands and supplies of platform A, platform B and platform O.

This expression can be found in the Appendix [A77]

In this scenario, the profit of the intermediary that owns both platform A and platform B equals:

T (0%, D, D5, D3 s 06) = DU (0%, D% Do Dy Dy 05) + D as (0%, D% DS Dl Ds D)
+ PR (D%, D, D, D PO PO) + D5 (P P s P 9D D)

and the profit of the competitive fringe that operate platform O equals
70 (P4, P D51s DB DO PO) = PO P Doy Das D PO D) + D40 (D P P DB DO PD)

The intermediary and the competitive fringe maximize each profit by choosing a seller fee and a buyer

fee for its platform(s). The following proposition gives us optimal member fees.

Under Assumption [1} the buyer’s optimal member fee p% on platform A, seller’s optimal member fee
p% on platform A, buyer’s optimal member fee p% on platform B, seller’s optimal member fee p3% on
platform B, buyer’s optimal member fee p2, on platform O, seller’s optimal member fee pg, on platform O
are respectively:

P = G+ g€+ g+ T 0 v a2) - )
o= % 5 4 112 440 | %dfo N w(dﬁ +d{0 + dPO) (46)
= 2 4+ Lapo . B gpo . 1020 gan  gao | guoy | B (47)
v = a8 1 a0y T gpo g 1020 an a0 | gpo) (48)
Pl = 2P 4+ Ldp0 4 LaPO + T2 g0 o) (49)
o = %d;“B + %d;“o + %dfo + #(dﬁ +dif? + df9) (50)

(51)

Proof. See Appendix[A.§ =
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5. Past and Future of Al
5.1. Effect of AI on Two-Sided Market

From now on, we simplify our analysis by allowing for symmetry in the location of the platforms.
Namely, we assume that the platforms and the outside option are located at a distance of d from each
other. Consequently, we remove the distortions by factors other than the additional surplus introduced by
tech platform B on both sides of the market. To investigate how the introduction of Al technology affects
the two-sided platform, we compare scenario 1 with scenario 2 in several aspects, including the number of
users, profit, and social welfare. We find that the introduction of Al technology changes both the number
of users and welfare in the two-sided market. In addition, its effect depends heavily on both the network

externality in the two-sided market and the compatibility between two platforms.

We first analyze the intermediary’s number of users. We find that the introduction of the new tech
platform does not necessarily move up the number of users for the intermediary. Only when network
externality in the two-sided is sufficiently small, the introduction of the new tech platform always attracts
more users to the intermediary. However, the introduction of the new tech platform may reduce the

number of users when network externality in the two-sided market is large. Specifically, we have

Corollary 1 Under Assumption[]

e Jfe< ﬁ, there are always more users on the intermediary after the introduction of tech platform
B.

there must exist some s§ > 0 on side g € {b,g} such that when s > sAg on on side

o Ife > ﬁ,
g € {b,g}, there are more users of the intermediary on the side g € {b,g} after the introduction of

tech platform B. Otherwise, it is the opposite.

Proof.

See Appendix [AZ0]

We also compare the intermediary’s profit before and after the introduction of the tech platform to
the market. We also find that the introduction of the new tech platform is always profitable for the
intermediary only when the network externality in the two-sided market is sufficiently small. Otherwise,
its influence on the intermediary’s profit depends on the additional tech surplus on platform B. Specifically,

we derive:

Corollary 2 Under Assumption[]

o When e < 231_497,2'15 s always profitable to introduce platform B in the two-sided market.
o When e > ﬁ, there exist some some s;’} > 0 on side g € {b,g} such that when s > s;gr on

on side g € {b, g}, the introduction of the tech platform always moves up the intermediary’s profit.

Otherwise, it is the opposite.
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Proof. To investigate the profit change due to the introduction of the tech platform in the monopolistic
market, we first calculate the change in the intermediary’s profit dm, which equals mo — 71. Specifically,
we get

d d2(14—236+96’y) ds (—4+362 _3627"'33272)32
= - —
8(—1+e)(—2+e+ey) —24+e+ey (—24+e+ey)2+e+ey)(—2—3e+3ev)(2— 3e+ 3ey)

Under Assumption [1, we can easily find that d4P7 is increasing in s. Then we proceed to check the

AB 14
d 23—0~

non-negative. Otherwise, its value becomes negative when s equals zero. Consequently, we could conclude

14
23—97°

the two-sided market. Otherwise, there exist some some s?r > 0 on side g € {b, g} such that when s > sA?r

value of m when s equals zero. Specificallly, we find that when e < its value at s = 0 is always

that when e < the introduction of the tech platform always moves up the intermediary’s profit in
on on side g € {b, g}, the introduction of the tech platform always moves up the intermediary’s profit.

Otherwise, it is the opposite.
[

Besides the intermediary’s profit and the number of users, we also investigate the effect of the tech
platform on social welfare in the two-sided market. Specifically, we check the change of consumer surplus
and the change of producer surplus due to the introduction of the new tech platform. We find that when
the network externality in the two-sided market is sufficiently small or when compatibility between two
platforms is sufficiently large, the introduction of the new tech platform always raises the consumer surplus.
Otherwise, the influence of the new tech platform depends on the value of the tech surplus s introduced

by the new platform. More precisely, our finding could be summarized as follows:

Corollary 3 Under Assumptz'on there exists some e.s € (0, %) such that

o if e < ecs, the introduction of the new tech platform always increases the consumer surplus in the

market.

o Ife > e.s, there exists some s € (0,1) such that the introduction of the new tech platform always
increases the consumer surplus in the market when v > v.s. Otherwise, there exists some sq5 > 0
such that the introduction of the new tech platform always increases the consumer surplus in the

market when s > S.s, while reduces the consumer surplus when s < S

Proof. See Appendix [A10] m

We also investigate the change in producer surplus due to the introduction of the new tech platform.
Different from consumer surplus, we find that only when both the network externality in the two-sided
market and the compatibility between two platforms are sufficiently large, the introduction of the new tech
platform always raises the consumer surplus. Otherwise, the influence of the new tech platform depends
on the value of the tech surplus s introduced by the new platform. More precisely, our finding could be

summarized as follows:
Corollary 4 Under Assumptz'on There exists some eps € (0,1) such that

o If e > ey, there must exist some vps € (0,1) such that the introduction of the new tech platform

always increases the producer surplus in the market when v > 7ps.
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o Otherwise, there exists some sps > 0 such that the introduction of the new tech platform always
increases the producer surplus in the market when s > s,,, while reduces the producer surplus when

§ < Sps-

Proof. See Appendix [A11] m

5.2. The Next Step in Artificial Intelligence Development

In this section, we study the conditions under which the intermediary would find it optimal to replace
the conventional platform with the new tech platform altogether. To see whether removing the conventional
platform would benefit the intermediary, we check the profit change when conventional platform A is
completely replaced. We compare scenario 2 where the intermediary operates both the conventional
platform and new tech platform with scenario 3 where the intermediary only operates the new tech

platform.

We first analyze the change in the intermediary’s number of users after removing platform A. We
find that removing the conventional platform does not necessarily move up the number of users for the
intermediary. Only when network externality in the two-sided is sufficiently large, the introduction of the
new tech platform always attracts more users to the intermediary. However, removing the conventional
platform may reduce the number of users when network externality in the two-sided market is small.

Specifically, we have
Corollary 5 Under Assumption[]]

o Ife> ﬁ, there are always more users on the intermediary after removing platform A.

o Ife< ﬁ, there always exist some 0 < sNg <1 such that when 0 < s < s~g, keeping the traditional

platform is more profitable on side g € {b,s}. Otherwise, it is the opposite.

Proof. See Appendix [

We also compare the intermediary’s profit before and after removing the conventional platform A.
Specifically, we focus on two polar scenarios. One is that platform A and platform B have no compatibility;
the other is that platform A and platform B fully compatibility. We find that the influence of removing the
conventional platform depends heavily on the value of tech surplus on the new tech platform B. Specifically,

we derive

Corollary 6 Under Assumption[]]

14
23

ezist some sy; > 0 such that the removing platform a is more profitable when s < sp;. Otherwise, it

o If platform A and platform B are not compatible and network externality e > then there must

is more profitable to keep both platform A and platform B.

14
237

e [If platform A and platform B are not compatible and network externality e < there must exist

some sti > s;‘i > 0 such that the removing platform a is more profitable when s € [sgi, 371}1] Otherwise,

it is more profitable to keep both platform A and platform B.
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o If platform A and platform B are fully compatible, there always exists some 0 < s < 1 such that
when 0 < s < si, keeping the traditional platform is more profitable in the full-compatible market.

Otherwise, it is the opposite.

Proof. See Appendix [

Besides the intermediary’s profit and the number of users, we also investigate the effect of removing
the conventional platform on social welfare in the two-sided market. Specifically, we check the change of
consumer surplus and the change of producer surplus due to the removal of the conventional platform. We
find that removing the conventional platform reduces consumer surplus in the two-sided market when the

tech surplus s is sufficiently large or small. More precisely, our finding could be summarized as follows:

Corollary 7 Under Assumption there must exist S, and el, such that

/
C > (& c
¢ss there exist some 0 < s&, < s&, such that
. . / . .
removing platform A increases consumer surplus when s € (s, sS,). Otherwise, removing platform

o [f platform A and platform B are not compatible and e < e

A always decreases consumer surplus in the non-compatible market.

e If platform A and platform B are fully compatible and e < el,, there exist some 0 < sf, < sl
such that removing platform A increases consumer surplus when s € (s! sf,). Otherwise, removing

cS?) “cs

platform A always decreases consumer surplus in the fully-compatible market.

Proof. See Appendix [A.14] m

We also investigate the change in producer surplus due to the removal of the conventional platform.
Different from consumer surplus, we find that removing the conventional platform always reduces producer

surplus in the two-sided market. More precisely, our finding could be summarized as follows:

Corollary 8 Under Assumption removing platform A reduces the producer surplus in both the non-

compatible market and the fully compatible market.

Proof. See Appendix [AT5 m

6. Conclusion

In this paper we studied the optimal strategies of an intermediary regarding the introduction of an Al
technology platform. In our model the intermediary owns a conventional platform (for instance Amazon
owns the Amazon website) and is considering the possibility of introducing a new platform that uses the
AT technology. The intermediary faces the following trade-off: on the one hand the introduction of the
new platform could attract more users to the intermediary, on the other hand the introduction of the new
platform can hurt the intermediary by generating competition between the traditional and the new tech
platform. Buyers value the number of sellers that adopt the same platform offered by the intermediary.
Likewise, the sellers value the number of buyers who adopt their same platform. As such, we are analysing
a two-sided market. We also consider the existence of an outside option which can be thought of as the

brick-and-mortar business. The Al technology platform yields extra utility to the buyers that we interpret
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as a reduction in search cost. The intermediary sells his service both to buyers and sellers and charges a
different member fee on each side. We obtain results on the optimal member fees and conditions under
which it is optimal to introduce the new tech platform. First of all, we find that the number of users
on the new tech platform increases on the additional surplus of the AI technology, while the number of
users of the conventional platform decreases. However the influence of the additional surplus of the Al
technology on the intermediary’s pricing strategy is uncertain. Specifically, it depends on the relative

network externalities on each side of the two-sided market.

The introduction of the new tech platform brings about changes in the optimal buyer’s fee and seller’s
fee on the conventional platform. We find that if the buyers generate more network externality to the sellers,
then the intermediary will charge a higher buyer’s fee after the introduction of the new tech platform, and
vice-versa. The intuition is as follows: in our setting, the intermediary runs both the conventional platform
and new tech platform so, it uses all the member fees to maximize its profit. To attract more users to the
new tech platform and generate more network effect there, the intermediary increases the member fee on
the conventional platform, moving the users who generate a larger network externality on the other side

to the new platform.

In addition, we find that the introduction of the new platform may not always benefit the intermediary,
in which case he would keep the traditional platform only. This is an interesting result specially when we
think that the intermediary may choose which products are sold through the new tech platform. For the
products that have large network externality, the introduction of the new platform may reduce the total
number of users of the intermediary. Moreover, it may also diminish the intermediary’s profit. When the
network externalities in the market are large, the intermediary is able to benefit from the introduction of
the new platform only when the technology is able to bring sufficient additional surplus to the buyers. For
the products that have small network externality, the introduction of the new platform can always bring
more users to the intermediary and generate more profit. This theoretical prediction is consistent with
the behavior of certain intermediaries. Take Amazon, for instance and the introduction of the Amazon
Dash Button. Since one Dash Button could only represent one brand for each button, the use of the tool
represents a great decrease in buyers’ product diversity. It is reasonable for us to believe the users who
choose Amazon Dash Button should have a low preference for variety thus can get a low network externality
from the seller side of the market. As indicated in our model, because of the low preference for variety, the
introduction of Dash Button can always bring more profit to the company. Currently, Amazon is working
on its intelligent system Alexa which brings a very high additional surplus to the buyers due to the
reduction of search cost. In this case the introduction of the new technology benefits Amazon significantly,
regardless of the network effects. Lastly, our research predicts that when the additional surplus s on tech
platfrom is sufficiently large, the intermediary would find it optimal to replace the conventional platform

with the new tech platform altogether.

This paper is the first to provide a theoretical framework to study the influence of the introduction of
AT technology in two-sided markets. In its backbone, the model boils down to a model where a monopolist
intermediary offers multiple platforms differentiated by the level of surplus that they provide to the buyers.
The model is suitable to be applied to different questions and have several extensions. In particular, we

are currently exploring the extension of the model to study the effect of Al on competition.
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A. Appendix
A.1. Proof of Proposition

By solving the simultaneous equation [3] we obtain the following demand and supply for platform A.
1
b
q1 = 2(1 _ 62) [(

1
ay = 2(17_62)[(

dp© + di'P + dPO) + e(dP + d2O + dBO) — 2epi — 2pY]
dA0 + dAB 4 dBO) 4 e(dPB + dfO + dBO) — 2eph — 2p3]

Note that under Assumption [1| both ¢® and ¢° are positive as e? < i < 1. The optimization of the

intermediary’s profit yields the following first order conditions which are sufficient for optimality.

b e(d40 4 dAB 4 dBO) N d;;‘o + dlf‘B —&-dfO B dep$

= 52
p1 4 4 4 (52)
Pt = e(dPO + dpB + dPo) N d3° +d}P +dB°  deph (53)
4 4 4
By solving the system of simultaneous equations, we obtain the following optimal member fees:
dAO + dAB + dBO
pix = —S———t—— (54)
O+ i a2
pix = 1 (55)

Plugging the optimal member fees (8) and (9) onto the demand functions (4) on both sides of the market,

we derive the equlibrium demand and supply before the introduction of the new platform.

2[di'© + di'P + df ) + 2€[d° + dfP + dBO]
8(1—e)(e+1)
o 2[df° +dB 4+ dBOY + 2e[d;'© + di'P + df O]
qr* =
8(1 —¢)(e+1)

b
qi1* =
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A.2. Explicit Demand and Supply of Platforms of Monopoly Scenario 2

1
—2+e+ey)(2+e+ey)(—2—3e+3ey)(2 —3e+ 3ey)
+ d?B(fB +18¢? — 36€2y + 18e24?) + dAC (—8e + 6¢® + ey — 3e®y — 6342 + 3e3+3)
+ dBO (4e 4 33 — 8ey — 663y — 3342 + 6e343) 4+ dAB (—de + 9e® — dey — 9e3y — 9342 4 9¢343)
+ (16 — 12e% + 12e2y — 12e292)pY + (20e — 9e3 — 16ey + 9e342)pSy + (—8 — 6e2 + 24e2y — 6e242)pY
+ (—16e 4 20ey + 9e3y — 9373 )p% + (8 4 6€? — 24e2y 4 6e272)s]
T2 =~ (—2+e+ey)2+e+ ey)(jz —3e+3ey)(2 — 3e + 3ey) [dBO (8e? — 20e2y + 8e242) + d2O (=8 + 10e? — 162y + 10e24?2)
+ d2B (=8 +18e% — 362y + 18e242) + df O (—8e + 6 + dey — 3ePy — 632 + 3e343)
+ dfo(4e +3e% — 8ey — 6e3y — 3342 + 6e343) + d?o(f4e +9e3 — dey — 9e3y — 9e342 + 9e343)
+ (16 — 12¢% + 12¢%y — 12¢242)p%, + (20e — 9e3 — 16ey + 963’\/2)12?4 + (=8 — 6e% + 24e%y — 6e2~4%)p%
+ (—16e + 20ey + 9e3y — 9e343)pY + (16e — 20ey — 9e3y + 9e3~3)s]

1
—2+e+ey)(2+e+ey)(—2—3e+3ey)(2—3e+ 3ev)
+ d{:‘B(—S + 182 — 36e%y + 18¢2~?) + dfo(—Se + 6e3 + dey — 3e3y — 632 + 363’)/3)
+dA0 (4e + 3e® — Bey — 63y — 3e34% + 6€3~3) + dAP (—de + 9 — dey — 9e3y — 9342 + 9634)

+ (16 — 12e% + 12e2y — 12242)pY% + (20e — 9 — 16ey + 9e342)p% + (—8 — 6€2 + 24e2y — 6e2+2)pY
+ (—16e + 20ey 4 9e3y — 9e3y3)p% + (=16 + 122 — 122y + 12¢2+2) s

1
T (24e+ ey)(2+ e+ ev)(—2 — 3e + 3ey)(2 — 3e + 3ev)
+ d?B(—B +18e? — 36e2y + 18e242) + dfo(—Be +6e3 4 4ey — 3e3y — 6e342 + 3¢3493)
+ d{?o (4e + 3¢ — 8ey — 63y — 3342 + 6e343) + d{:‘B(—4e +9e3 — dey — 9e3y — 9e342 4+ 9e343)
+ (16 — 12e2 + 12e2y — 12e242)p% + (20e — 9e® — 16e7y + 9e342)pY 4 (—8 — 62 + 24e2y — 6e242)p5,
+ (—16e 4 20ey + 9e3y — 963'73)]3?4 + (—20e + 9¢3 4 16ey — 9e34?)s]

L - [dBC (8¢? — 20e%y + 8e24?) + df'C(—8 4 10e? — 16e%y + 10e24?)

by = 1 [di'© (8e? — 20e?y + 8e®7?) + dP ¥ (—8 + 10e® — 16e?y + 10e%+?)

Ty = [d2O (8e? — 20e2y + 8¢%~2) + dBO(—8 4 10e? — 16e%y + 10e24?)

A.3. Proof of Proposition

The profit of the intermediary that owns both platform A and platform B equals:

b b b b /b b b b (b b
72(Pa2s PB2s Pz, P2) = Paz * a2(Pa2s PBos Pz, Pis2) + Pha * 42 (P2, Ph2, Paz, Ph2)

bbb bbb
+ Pl * Ca2(Pa2s PB2, Piazs Pa) + Pha * 452(PA2s PB2, Pz, P2)
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The intermediary maximizes its profit by choosing seller fee and buyer fee on both platforms. Consequently,
we are able to derive the first order conditions as follows:

1
—4 + 3e? — 3e2v + 3e272)
+ df’)o((Se2 — 202y + 8e242)) + dfo(—Se + 6e3 + ey — 3e3y — 6e342 + 3e349)
+ dAB (—4e + 9¢® — dey — 9e3y — 96342 + 9e343) + dPO (4e + 3e® — 8ey — 6e3y — 3¢342 4 6e34°)
+ %5 (40e — 18 — 32ey + 18¢392) — pby (—16 — 12e2 + 48e2y — 12e242) — 16p5y, (—32e + 40ey + 18e3y — 18¢343)
+ 5(8 4 6e? — 24e2y + 6e2~%)}
Py = — T 713627 ey {d29 (=8 + 10e? — 16€%y 4 10e®7?) 4 d1B (=8 + 18¢% — 36e2y + 18e242)
+ dBO((8e? — 20e%y + 8¢242)) + dffO (—8e + 6€> + dey — 3e3y — 6372 + 3e3~)
+dit P (—de +9¢° — dey — 9Py — 9e%7” + 9¢%4%) + O (de + 3¢® — 8ey — 6’y — 3ePy?
+ 6e343) + phs (40e — 18e® — 32ey + 18e372) — pify (=16 — 12e? + 48e%y — 12e242) — 16p%, (—32¢ + 40ey + 183y — 18¢34%)
+ 5(16e — 20ey — 9e3y + 9e34%)}
1
—4 + 3e2 — 3e2y + 3e242)
+ d{:‘o((Se2 — 20e%y 4 8¢272)) 4+ dBO (—8e + 6¢® + ey — 3e3y — 6342 + 3¢343)
+ d?B(—éle +9e3 — dey — 9e3y — 9e3~2 + 963’)/3) + d?o (4e + 3e3 — 8ey — 63y — 3e342 + 663’)/3)
+ %y (40e — 18e% — 32ey 4 18e342) — p%, (—16 — 12e2 + 48e%y — 12e%42) — 16p%5 (—32¢ + 40ey + 18e3y — 18¢343)
+ 5(—16 4 12e2 — 12e2y + 12¢2~%)}
1
—4 + 3e? — 3e2v + 3e242)
+ d29((8e2 — 202y + 8¢242)) + dP O (—8e + 6¢® + dey — 3eBy — 6342 + 3e34°)
+ de(—4e +9e3 — dey — 9e3y — 9e342 + 9¢343) + dfo (4e + 3e3 — 8ey — 6e3y — 3e3~2 + 6e343)
+ Y5 (40e — 18e% — 32ey 4 18e342) — piy(—16 — 12e2 + 48e%y — 12e242) — 16pY5 (—32¢ + 40ey + 18e3y — 18¢343)
+ 8(—20e + 93 + 16ey — 9e3~2)}

b, = % {d'O(—8 + 10e? — 16e%y + 10e2~2) 4 d{*B (—8 + 182 — 36e2y + 18¢24?)

phy, = & {dBO (=8 + 10e% — 162y + 10e2~2) + df B (—8 + 18¢? — 36€%y + 18¢%4?)

{dBO(—8 4 10e% — 16€%y + 10e2~?) 4+ dAB (-8 + 18¢% — 36e%7 + 18¢%4?)

Sx
PB2 8(

Solving the first order conditions, we yield the optimal member fees as listed in equations (16)-(19)

A.4. Explicit Demand and Supply of Scenario 3

1
¢ = m[iﬁd + 3de — 2eps — 2py — 2s] (58)

1
¢ = m[Sd + 3de — 2epp — 2ps — 2es] (59)
A.5. Explicit Demand and Supply of Competitive Scenario 1

By solving the simultaneous equation [33] we obtain the following explicit demand and supply in scenario

1:
b _ $yo +doyp +dpo — 4% (doo + diy g + dpo) + 4e(p® ), — p}) +2(p° 4, — P})
T 8ef —2
0= Bho + diyp + dpo — 4% (dho + dyp + dpo) +4e(p® — pp) +2(p°;, — )
§ =
8ef —2
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A.6. Proof of Proposition

Under Assumption [I} both the competitive fringe and the intermediary have concave profit functions.
The optimization of the intermediary’s profit and the optimization of the competitive fringe yield the

following first order conditions, which are sufficient for optimality:

% + 5o + d%o — 4€2dY 5 — 4€2db, — 4e2dY, — deps — dep; + 2p°, + dep® .
4

dS g+ d%o + dgo — 4e2dS g — 4€2d5y 5 — de?diy o — deph — dep? + 2p° . + dep®
4

i (60)

Pk (61)
With Assumption [I] one can easily check that there are no asymmetric equilibria. By solving the system
of simultaneous equations, we derive the equlibrium demand and supply on both platform A and platform

O before the introduction of the new platform. as:

P = dYo + dhp +dpo — 2e(diyo + diyp + dpo) (62)
2
s dYo+dsp+duo —2e(dbo + dY s + b
por = 240t Cap T 050 = (dho +dap + dpo) (63)
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A.7. Explicit Demand and Supply of Platforms of Competitive Scenario 2

1
(=24 3e+ey)(24+3e+ey)(—2 — 3e + 3ev)(2 — 3e + 3ey)
+ dAB (4e — 9¢% + ey + 9e3y + 9e34% — 9e3~3) + d?o(fS — 30e? + 27e* + 8e%y — 45ety — 10242 + 9e*42 4 9et4?3)
+ deO(—1282 +27e* + 20e%y — 45ety — 8242 4 9et4? + 9¢43) + d{?B(S — 30e2 + 27e* + 32¢2y — 45ety — 18e272 + 9e?q? 4 9et43)
+ (=16 4 36€2 4 12e242)pY + (—24e + 54e3 + 16ey — 36e3y — 18¢342)p%, + (8 — 182 — 36e2y + 6e242)pY
+ (12e — 27€3 — 20ey — 93y + 27372 + 9e343)p% + (8 — 18e% + 362y — 1862’)/2)171)0
+ (12e — 27¢> + dey + 453y — 9342 — 9¢343)pd) 4 (=8 + 18¢? + 36e2y — 6e2~2)s]
%= (-2+3e+ey)(2+3e+ ev)(1_2 —3e+3e7)(2 — 3e + 3ev) [d79(=8e +18¢% + Bey — 18ey + 6e%™ — 6e%7°) + 0 (de = 9c® — dey = 9¢%
+ d{;‘B (4e — 9e3 + devy + 9e3y + 9342 — 9e343) + d?o(—8 —30e? + 27e* + 8e?y — 45ety — 10e2~? + 9e*42 4 9e*~?)
+ dBO(—12e? + 27e* + 202y — 45ty — 8?42 + 9e*y2 + 9¢*73) 4+ dAB (8 — 30e? + 27e? + 322y — 45ety — 18272 4 942 4 9e¢43)
+ (=16 4 36€2 4 12e242)p% + (—24e + 54e® + 16ey — 36e3y — 18¢342)phy + (8 — 18¢2 — 36e2y + 6e242)p%
+ (12e — 27¢3 — 20ey — 9e3y + 27e3~% 4+ 963’}/3)])% +(8— 18e2 + 36e2y — 1862’}/2)])8
+ (12e — 27€3 + devy + 453y — 9e342 — 963')/3)})1)0 + (—12e 4 27¢> + 20ey 4 93y — 27e342 — 9e343) 4]
b 1
(—2+3e+ev)(2+3e+ev)(—2 — 3e + 3ev)(2 — 3e + 3ev)
+ de(S — 30e? 4 27e* + 32e2y — 45ey — 1822 + 9?42 + 964'y3) + d?o(—Se +18¢e% + 8ey — 183y + 6342 — 6e343)
+dBO(4e — 93 — dey — 93y + 21342 — 3¢393) + dAB (8 — 30e? 4 27e + 32e%y — 45ety — 18622 + 9e*~? + 9et~?3)
+ (12e — 27€® — 20ey — 93y + 27342 4 9e373)p%, + (8 — 182 — 3662y + 6e272)pYy + (—24e + 54€> + 16ey — 363y — 18¢342)p%
+ (=16 4 36€2 4 12e242)p% + (12e — 27 4 dey + 45¢3y — 9e342 — 9e3~43)ps,
+ (8 — 182 + 36e2y — 18e272)p% + (16 — 36e% — 12¢24?)s]
95 = (C2t3eten@iaes e'y)(1—2 T 3e T 3e)@ 3130 [dBC (8 — 302 4 27¢e* 4 82y — 45ety — 10e272 + 9e*42 + 9et43) + A0 (—12¢2
+ dAB (8 — 30e? + 27e* + 32e2y — 45ety — 18e242 + 9e*n? + 9e*4?) + dfo(f&e +18e3 4 8ey — 18e3y + 6e342 — 6e3~7)
+ dfo(4e —9¢e3 — dey — 9e3y + 21342 — 3e343) + de (8 — 30e? + 27e* + 32e2y — 45¢*y — 18e242 + 9e*4? + 9¢%43)
+ (12e — 27€3 — 20ey — 93y + 27342 + 963’)/3)]7?4 + (8 — 182 — 36e2y + 6e242)p%, + (—24e + 54e> 4 16ey — 363y — 18@372)1)%
+ (=16 + 36€% + 12e24?)p% + (12e — 27e> + dey + 45e3y — 9e342 — 963’}/3)}7%
+ (8 — 18e? + 36e2y — 18e2~2)ps, + (24e — 543 — 16ey + 36e3y + 18¢342)s]

& = [dBO (=8¢ 4 18> + 8ey — 18e3y + 6e34% — 6e3~3) + d2C (4e — 9e — dey — 93

[dfO(S — 30e? + 27e* + 8e?y — 45ety — 10e24? + 9ey2 + 9e*43) + d{;‘o(fIQe2

1
b BO AO AB AO 2 2 2.2
= d —e+ +d —e+ +d 2e 42 +d —2 4 3e“ + 4 +
fo (—2+36+67)(2+3e+67)[ o (meten) o (zeten) o (e 4 2em) + ‘ e

+df9(=2+3¢% + ey + %) +d{P (3¢% + 4ePy + 9%) + (~2)p + (=3¢ — ev)ply + (~2)ph + (=3¢ — en)ply + 4P}
+ (6e + 2e7)p) + (3¢ + ev)s]
1
s _ 4BO(_ JAO(_ dAB (96 4 9 dAO (L9 1 362 4 402 2,2
W = e T O e o) 4 20 (et o) 4 2B (2 4 269) 4 O (<24 367 4 ey 4 )
+ dPO (=24 3e% + 4e?y + €242) + dA B (32 + 42y + €242) + (=2)p
+ (6e + 2ev)p5 + 2s)

b+ (—3e — em)ply + (—2)p% + (—3e — ev)p3s + 4p)

A.8. Proof of Proposition

The profit of the intermediary that owns both platform A and platform B equals:

T (0% Pl D5 D3 P ) = % * @4 (0% Pl P, D3, DD PE) + D%+ 4% (0% Pl D, D DD D)

+ 0%+ @ (0%, P D D D PS) + P * B (0%, D P D Db, PD)
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The profit of the competitive fringe that owns platform O equals:
70 (P, DB P2 P PO D) = Do * 40 (s P P P D0 95) + Do * 46 (0, D' Pas Dy PO D)

Both the intermediary and the competitive fringe maximize their profit by choosing the seller fee and
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buyer fee on its platform(s). Consequently, we are able to derive first-order conditions as follows:
y y
1
8(—4 + 9e2 + 3e2+2)
+ dfo(4e —9¢e3 — dey — 9e3y 4 21342 — 3e343) + d?B(4e —9¢3 + dey + 9e3y 4 9e342 — 9e3~3)
+ d{:‘o(8 — 30e? + 27e* + 82y — 45ety — 10e242 4 9e*42 + 9e~?)
+ dfo(—1262 + 27e? + 20e%y — 45ety — 8?2 + 9?42 + 96473)
+ dl‘:‘B (8 — 30e? + 27e? 4 32e2y — 45e*y — 18e242 + 9et7? + 9¢%43)
+ (—48e 4 108e3 + 32ey — 72e3y — 36e372)p%, + (16 — 3662 — 7262y + 12e2~2)pl
+ (24e — 54e® — 40ey — 18e3y + 54e342 +18¢373)p% + (8 — 182 + 36e2y — 18e242)pY,
+ (12e — 27¢® + dey + 453y — 9342 — 9e343)pg, 4+ (—8 + 18e? + 36e2y — 6e%4?)s]
1
Py =— SCa T 90 T35 [dPO(—8e 4 18€3 + 8ey — 18e3y + 6e3~% — 6e33)
+ dfo(4e —9e3 — dey — 9e3y + 21372 — 3e343)
+ d,fB (4e — 9€® + dery + 9e3y + 9e3~2 — 9e3~3) + d4O (8 — 30e2 + 27€e* + 8y — 45ty — 10e2~2 + 9e*+2 + 9e*+3)
+dBO(—12e2 + 27e* + 202y — 45ety — 8242 + 9ety? + 9e%43)
+ dAB (8 — 30e? + 27e? + 322y — 45ty — 18272 4 9142 4 9¢43)
+ (—48e + 108¢® + 32y — 72e3y — 36e342)pY + (16 — 36e2 — 72e2y + 12e242)p%
+ (24e — 54e® — 40ey — 183y + 54e®~2 4 18¢34°)pY; + (8 — 18€? + 36e%y — 18¢242)ps,
+ (12e — 27€3 + devy + 45e3y — 9e342 — 963’}/3)])% + (—12e 4 27€% + 20ey + 93y — 27e342 — 9e343)4]

% =— [dBO (—8e 4 18> + 8ey — 18e3y + 6e34% — 6e3~7)

1 .
bk AO 3 3 3.2 3.3
=— d 8e + 18e” + 8ey — 18e”y + 6e”vy 6e”y
PR S(—A 1 92 1 3e2 2)[ &Y (—8e e e e e e°y)

+ dBO(4e — 9e3 — dey — 9e3 + 21342 — 3e349)
+ dAB (4e — 9€3 + dey 4 93y + 9e342 — 9e343) + deO (8 — 30e? + 27e* + 8e2~ — 45ety — 10242 + 9et4? 4 9etn?)
+dftO(—12e? 4 27¢* 4 20e%y — 45ety — 8e24? 4 9et4? + 9e4 %)
+ d{*B (8 — 30e? + 27e* + 32e%y — 45ty — 18e%42 4 9e*y? + 9e4?)
+ (—48e + 108e® + 32ey — 72e3y — 36e342)p% + (16 — 36e2 — 722y + 12e242)pY
+ (24 — 54e® — 40ey — 183y + 54ePy? + 18e37°)p%, + (8 — 18¢? + 36e2y — 18e242)pY,
+ (12e — 27¢® + ey + 453y — 9342 — 9e343)pg, + (16 — 36e2 — 12e242)s]
Py = — S(i+ 9612 39 [d{?o(—Se +18e3 + 8ey — 183y + 6e342 — 6e343)
+ d{fo (4e — 9e3 — dey — 9e3y + 21342 — 3e343)
+ d‘qu (4e — 9€® + ey + 9e3y + 96372 — 9e3~3) + dBO (8 — 30e? + 27e* + 8e2y — 45ety — 10e%42 + 9e*? + 9e*+3)
+dA9(—12e? + 27e* + 202y — 45ty — 8?42 + 9e*? + 9¢%43)
+ dAB (8 — 30e? + 27e* + 32e2y — 45ety — 18e242 + 9e*~? + 9e*v?)
+ (—48e + 108 + 32ey — 723y — 36e3v?)pl + (16 — 362 — 72e2y + 12e242)p
+ (24e — 54e® — 40ey — 18e>y + 5de3y? + 18e3~3)phy + (8 — 18€? + 36e%y — 18¢242)ps,
+ (12e — 273 + dey + 453y — 9e3~% — 963’}/3)121)0 + (24e — 54e3 — 16ey + 36e3y + 1863’)/2)8]

—2e — 2e e—e e—e —3e2 — 4e2y — €242 2 —3e? — 4e?y — 242
P = ’Yd;“3+ ’Yd;qur ’YdSBo v v dg‘B+ 2 v dgxo
8 8 8 8 8
2 —3e2 —4de?y — €292 5 P 3e + ey pb 3e + ey —12e — 4ey s
ago + =4 G2 i o-7
8 vttt Ty Pat T e s 107
—2e—2 _ _ _32_42 _ 5242 2_32_42 22,2
P = e ewd?B e e’ydfo_}_e ewdfo e ey — ey de—&- e esy — ey d?o
8 8 8 8 8
2 — 3e? — 4e?y — 242 D5 3e + ey 3 3e + ey —12e — 4ey —3e —ev)s
8 dSBO+TA+ 8 P TB+ 8 Pl 8 psé*( 8 )

Solving the first order conditions, we yield the optimal member fees as listed in Prosposition [£.2]
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A.9. Proof of Corollary

In order to investigate how the introduction of the new tech platform B changes the number of users
on the intermediary in the monopolistic market, we first caculate the change of quantity Ag, and Ags.
Specifically, Ag, equals the number of users ¢ in scenario 2 on side g{b, s} minus the number of users ¢/

in scenario 1 on side g{b, s}. Consequently, we derive that

A — d2 +e(—=5+ 37)) —4(—1+e)s
B 1t (2teter)  A-1te)(—4+e2(lt1)?)
Ags = d(2+e(—=5+37)) —2(=1+e)e(l+7)s

4(-1+e)(-2+e+ey) 4(-1+e)(—4+e2(1+7)?)

Under Assumption [I} we could easily seen that both Ag, and Ags are linear increasing in the tech
surplus s generated by the new platform. In addition, we find their value at s = 0 to be negative only
when e > ﬁ This indicates that only when e > ﬁ there exists some s§ > 0 on side g € {b, g} such
that when s > s on on side g € {b, g}, there are more users of the intermediary on the side g € {b, g}

after the introduction of tech platform B. Otherwise, it is the opposite. However, when e < the

2
5—3~"’
introduction of new tech platform always attracts more user to the platform.

A.10. Proof of Corollary

To investigate the change of consumer surplus due to the introduction of tech platform in the two-sided
market, we first calculate the change in the consumer surplus AC'S, which equals to the consumer surplus
after introducing the tech platform minus the consumer surplus before introducing the tech platform.
Specifically, we get

_ d?(—4 + 28e — 21e? + 6e3 — 12ey — 182y + 12e37y + 3e242 + 6e342)

ACS
8(—1+e)(—2+e+ev)?

+ 2ds (64)
(—24+e+ey)2(2+e+ey)
2(16 — 24€2(1 — v +v2) + 3e*(7 — 267y + 4272 — 2673 + Tv4))s?

(—2+e+ey)?2(2+ e+ ev)2(—2— 3e+ 3ey)2(2 — 3e + 3ey)?

Under Assumption [I} we can proof that AC'S is increasing in s. Specifically, we can easily find that
the parameter of s is positive. For the parmameter of s2, its denominator is also positive. Consequently,
. 2(16—24e? (1—y+~2)+3e* (7—267+4272—267> +77%)) . . . 2
the sign of (CoTeter) 2 eTen) (=33t 3e7)2(—3e3em)? 18 determined by the function 16 — 24e=(1 — v +
v2) + 3e2(7 — 26 + 4292 — 2673 + 79*). Under Assumption [I} we have

16 — 24e?(1 — v 4+ 72) + 3e* (7 — 26y + 429% — 267> + T7%)

> 16 — 24e® + 3¢ [T + 7242 — 26v) — 7(26 — 77°)] (65)
24
> 16 — 24e? + 3e[7 — 26] > 16—1—%7 >0

Since AC'S is increasing in s, we then need to check the value of AC'S when s equals zero. Specifically, we
find that the sign of ACS at s = 0 is the opposite to the square function —4 + 28e — 21e? + 6> — 12ey —
182y + 12e3y + 3242 + 6342 of 4. According to the function form, the square function is decreasing
in v under Assumption In addition, we find its value at v = 0 is increasing in e. Since the function

—4+28e—21e? +6¢e? is positive when e = % while negative when e = 0. There must exist some there exists

1

some e.s € (0, 5) such that the value of ACS at s = 0 and v = 0 is positive when e < e.s. Otherwise,
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there exist some 7.5 € (0, 1) such that the value of ACS at s = 0 is negative when v < 4.5, while the value
of ACS at s = 0 is positive when v > v.s. In summary, AC'S is always positive when e < e.s. If e > e,
there exist some 7.5 € (0,1) such that ACS is still always positive when v > 7.s. Otherwise, there exists
some s.s > 0 such that the introduction of the new tech platform always increases the consumer surplus

in the market when s > s.s, while reduces the consumer surplus when s < s¢;

A.11. Proof of Corollary

To investigate the change of producer surplus due to the introduction of tech platform in the
monopolistic market, we first calculate the change in the producer surplus APS, which equals to the
producer surplus after introducing the tech platform minus the producer surplus before introducing the

tech platform. Specifically, we get

APS — d?(20 — 52e + 101e? — 723 + 12e* — 84ey + 138e2y — 96e3y + 24ety + 21e29? — 24e342 + 12e%9?)

—32(—1+4+e)2(—2+e+ev)?
de(1+7)s
+ 2
(2tetefieten)
n e2(=72e2(—1 +~2)2 + 27e* (=1 +v2)2(1 — v +~2) + 16(7 — 13y + 79?))s?
24— 931+ 7P (A eA(1+ 7))

(66)

Under Assumption [T} we can proof that APS is increasing in s. Specifically, we can easily find that the
parameter of s is positive. For the parmameter of s2, its denominator is also positive. Consequently, the
parameter sign of s? is the opposite to the function —72e?(—1+4+2)% +27e*(—1++2)2(1 —y+~2) + 16(7 —
137y + 792). Specifically, we find this function to be convex function in e? which is decreasing in e? first
then increasing. Under Assumption [1, we can easily prove that the minimum value of —72e%(—1 +~2)% +
27e(—1 4+ 792)2(1 — v +~2) + 16(7 — 137 + 79?) is always positive. Since APS is increasing in s, we then
need to check the value of APS when s equals zero. Specifically, we find that the sign of d PS at s = 0
is the opposite to the square function 20 — 52e + 101e? — 72 + 12e* — 84ey + 1382y — 96e3y + 24ety +
21e242 — 24e342 +12¢e*42 of 4. According to the function form, the square function is decreasing in v under
Assumption [I] Specifically, its value at v = 0 is always positive. In addition, we find its value at v =1
equals d?(5 — 24e + 12¢?) which is decreasing in e € {0, 1}. Since the function d?(5 — 24e + 12¢2) is positive
when e = 0 while negative when e = 2. There must exist some eb, € (0, 2) such that the value of APS
at s = 0 and v = 1 is positive when e > e,s. In other words, when e > e, there exist some 7,s € (0,1)
such that the value of APS at s = 0 is negative when v < 7,5, while the value of APS at s = 0 is positive
when v > 7,,. Otherwise, the value of APS at s = 0 is always negative. In summary, the introduction
of new tech platform influences the producer surplus in the two-sided market as follows. When e > e,
there exist some 7,5 € (0,1) such that APS is still always positive when v > 7,,. Otherwise, there exists
some s,, > 0 such that the introduction of the new tech platform always increases the consumer surplus

in the market when s > s, while reduces the consumer surplus when s < sp;.

A.12. Proof of Corollary

In order to investigate how the removal of the conventional platform A changes the number of users
on the intermediary in the two-sided market, we first caculate the change of quantity Ag; and Ag..

Specifically, Ag; equals the number of users ¢J in scenario 3 on side g{b, s} minus the number of users ¢§

27



Gabinete de Estratégia e Estudos

in scenario 2 on side g{b, s}. Consequently, we derive that

Al — d2—5e+3ey) —2 —e2 4+ 2e2y + 2425
PTAI—(2reten) 21te)(lte) -2+eten)2teter)
, d(2 — be + 3ey) e(=3 47+ ey +e*v?)s

dl—e)(2+e+ey) 20-1+e)(l+e)(2+e+er)2+e+ey)

Under Assumption (I} we could easily seen that both Ag; and Ag. are linear increasing in the tech
surplus s generated by the new platform. In addition we find their value at s = 0 to be negative only

when e < 533 This indicates that only when e < ==~ there exists some §,7 > 0 on side g € {b, g} such

that when s > 59 on on side g € {b, g}, there are more users of the mtermedlary on the side g € {b,¢g}

after removing platform A. Otherwise, it is the opposite. When e > removing the traditional tech

5—3y 3 J
platform always attracts more user to the platform.

A.13. Proof of Corollary |§|

To investigate the profit change when the conventional platform is completely removed, we calculate the
change in the intermediary’s profit Am’, which equals to the profit after removing the traditional platform
minus the profit before removing the conventional platform. In the non-compatible market, we get

,  d?(112 — 16e — 4722 — 56€3 4 495¢* + 207¢e5) d(—32 — 64e + 32¢? + 136€ + 90e* + 18¢€%)s
C8(—2+4e)(—1H+e)(14e)(2+e)(—2+3e)(2+3e)  8(—2+e)(=1+e)(1+e) (24 e)(—2+3e)(2+ 3e)
(24€? + 6et)s?

+ 8(—2+e)(—1+e)(1+e)(2+e)(—2+3e)(2+ 3e)

We first find that the function of 487’ is concave in s. In addition, there exist some s > 0 such that

dABr' is increasing in s when s € [0, s'] and it is decreasing in s when s > s’. We also find the maximum

value of d*Br’ at s is positive. Then we 1nvest1gate the value of d*B7’ when s equals zero. Consequently,
we find that d4B 7’ is postive at zero when e > . Otherwise, d*B7’ is non-positive when the tech surplus
is zero.

Consequently, If platform A and platform B are not compatible and nework e < 14  then there must

23’

exist some s ;> s” > 0 such that the removing platform a is more profitable when s € [ Otherwise,

pz? ;m]

it is more proﬁtable to keep both platform A and platform B. However, if nework e > then there must

23 )
exist some sp;, > 0 such that the removing platform a is more profitable when s < s7,. Otherwise, it is
more proﬁtable to keep both platform A and platform B.
In the full-compatible market, we get

B 3e2s? _ d(4+4e)s

16(1 —e)(14+e) 16(1—e)(1+¢€)
_ d*(—14 - 14e)

16(—1+e)(1 +e)

ro_
Amp =

Clearly, the change of profit Az}, is increasing in the tech surplus s and has a negative value when s
equals zero. Consequently, there must exist some 0 < s/ < 1 such that when 0 < s < s/, keeping the

conventional platform is more profitable in the full-compatible market. Otherwise, it is the opposite.

A.14. Proof of Corollary

To investigate the change of consumer surplus due to the introduction of tech platform in the two-sided

market, we first calculate the change in the consumer surplus AC'S™ in the non-compatible case, which
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equals to the consumer surplus after introducing the tech platform minus the consumer surplus before

introducing the tech platform. Specifically, we get

d*e(2 +e) d(44 — 2e — 116€? + 27et)s

2(-4+e€2)  (-24¢e)(2+¢e)(—2+3e)(2+ 3e)
(—80 + 324e% — 396¢e* + 81€%)s2

—2(=2+¢€)(2+¢e)(—2+ 3¢e)2(2 + 3e)?

ACS" =

(67)

According to the above function, we can easily find that ACS™ is a concave function with respect to s.

Since the function 44 — 2e — 116e? 4 27e?* is strictly decreasing in [0, %} and its value at e = 0 is postive
while at e = 2 is negative, there must exist some e, € {0,2} such that ACS™ is first increasing in

s then becomes decrasing in s when e < e,. Otherwise, d¥CS is strictly decreasing in s. Since the
value of ACS™ when s = 0 is negative, ACS" is always negative if e > e,;. When e < ¢ps, we need to

(—4+9¢?)(44—2e—116e2427¢*)
—80+324eZ—396e1181e0

check the maximum value of AC'S™. Specifically, its maximum value at?

d?(—2+3€)(—484—642e+1608e%+2134¢e> —838e* —1032e°+117e°+135¢7)
(—4+¢2)(—80+324¢2—396¢%+81e0) :

value at e = e, is negative, there must exist some e, € {0, e,s} such that the maximum value of AC'S™ is

equals

Since its value at e = 0 is positive while its

positive when e < el.. Consequently, we could conclude that if e < el there exist some 0 < s.5 < s’ such

!

that removing platform A increases consumer surplus when s € (s¢s, .,

). Otherwise, removing platform

A always decreases consumer surplus in the non-compatible market.

When platform A and platform B are fully compatible, we follow the same steps and derive the the
producer surplus AC'S™ in the non-compatible case, which equals to the consumer surplus after introducing

the tech platform minus the consumer surplus before introducing the tech platform. Specifically, we get

3d?(—2+e)e(l1+¢€)?  d(44 — 48e — 47e? + 48¢3)s
8(—1+e?)?2 16(—1+¢)%(1 +e)
(—80 + 152¢% — 75¢%)s?
128(—1 + e2)2

ACST =

(68)

According to the above function, we can easily find that ACS7 is a concave function with respect to s.

Since the function 44 — 48e — 47e? + 48e? is first decreasing than increasing in e and its value at e = 0 is

postive while at e = % is negative, there must exist some ef, € {0, %} such that ACS7 is first increasing

in s then becomes decrasing in s when e < ef.. Otherwise, ACS/ is strictly decreasing in s. Since

the value of ACS/ when s = 0 is negative, ACS/ is always negative if e > e,s. When e < egs, we
4d(14-e)(44—48e—47e>448¢%)

80—152e2+75e%

need to check the maximum value of d'CS. Specifically, its maximum value at

(d?(1936—832e—5192¢%+96e> +2529¢*
(8(80—152e2475¢%))

equals ) Since its value at e = 0 is positive while its value at e = e, is

negative, there must exist some efy € {O,egs} such that the maximum value of ACS/ is positive when

e < els. Consequently, we could conclude that if e < els there exist some 0 < sf, < S{; such that

removing platform A increases consumer surplus when s € (s{s,sg;). Otherwise, removing platform A

always decreases consumer surplus in the non-compatible market.

A.15. Proof of Corollary

To investigate the change of producer surplus due to the introduction of tech platform in the
monopolistic market, we first calculate the change in the producer surplus APS in the non-compatible

case, which equals to the producer surplus after introducing the tech platform minus the producer surplus
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before introducing the tech platform. Specifically, we get

d?e(2+e)  de(—2+ 3e)(2+ 3e)(—8 — be + 3e?)s
2(—4 +€e2) 2(4 —9e?)2(—4 +¢€?)

3e2(4 — 3e?)s?
(4 —9e2)2(—4 + e2)

APS =

(69)

According to the above function, we find that APS is strictly decreasing in s when s > 0. Since its value
when s = 0 is negative, we can conclude APS is always negative thus removing the traditional surplus

always reduces producer surplus in the two sided marekt.

When platform A and platform B are fully compatible, we follow the same steps and derive the the
producer surplus APS/ in the non-compatible case, which equals to the producer surplus after introducing

the tech platform minus the producer surplus before introducing the tech platform. Specifically, we get

3d?(—2+e)e(1+¢€)?  3de(—2 —2e+e? + €3)s
8(—1+e2)? 16(—1+e2)?

3et(—4 + 3e?)s?

128(—1 + e2)?2

APST =

(70)

According to the above function, we find that APS7 is strictly decreasing in s when s > 0. Since its value
when s = 0 is negative, we can conclude APS7 is always negative thus removing the traditional surplus

always reduces producer surplus in the two sided marekt.
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