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Recent innovations have driven a steady increase in online marketplace transactions. To remain competitive, numerous
marketplace platforms and independent data providers offer Competitive Intelligence Services (CIS), enabling sellers to
explore not only their market potential but also that of their competitors. In this paper, we employ a game-theoretic approach
to competitive learning to analyze the impact of CIS on participants with varying market shares in an online marketplace.
In the presence of noisy demand signals, the online platform benefits from offering CIS to both sellers. This is because
high demand noise makes demand exploration difficult for each seller in the first period. Consequently, price competition
under poor knowledge of the price-demand relationship in the second period leads to a lower payoff for each seller as
well as the platform. However, as demand uncertainty decreases, the platform prefers inducing CIS exclusively for the
seller with the larger market share. This scenario leads to signal-jamming behavior between the sellers, which results in a
win-win-win situation for both sellers and the platform provider. Finally, we consider various model extensions and discuss

the managerial implications for the design and regulation of competitive intelligence services in online marketplaces.
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1. Introduction

Online marketplaces have witnessed significant growth over the years. In 2025, these platforms accounted
for more than 23% of global retail sales, and this figure is expected to reach 25% by 2030 (Statistal[2025]).
Online marketplaces differ considerably within the retail sector, depending on whether they facilitate business-
to-business (B2B), business-to-consumer (B2C), or peer-to-peer (P2P) transactions (Anastasia/2020); whether
they exchange goods, services, or information (Pryhodko|2020); and whether they generate revenue via
advertisements, sales commission, or subscription services. Regardless, the value proposition of all online
platforms is the same: facilitating transactions between independent supply and demand-side participants

(Tauscher and Laudien|2018])). As such, their growth will continue in the foreseeable future, and they will



Author: The Impact of CIS on Online Marketplaces 2

continue to attract not only more consumers but also more sellers, thereby creating a win-win scenario for all
stakeholders.

In order to gain a competitive advantage, many sellers on online marketplaces employ tools that gather,
manage, and use information collected not only from their own customers but also from their competitors. In
fact, a survey conducted by Forrester Consulting (Yakkundi2016) among 115 technology, marketing, and
business professionals suggests that exploring the customer journey in a competitive customer-facing web
environment is the highest strategic priority for sellers. However, not all online sellers have the resources to
carry out competitive intelligence activities on their own. According to a 2018 survey of mostly U.S.-based
Amazon sellers, 73% of them had only one to five employees (and 93% had fewer than 50 employeesﬂ This
is why easy-to-use Competitive Intelligenceﬂ Services (CIS), powered by artificial intelligence and machine
learning, have gained popularity on platforms like Google, Amazon, and others (Mroz|2018)). For example,
subscribing to Amazon Marketing Web Services (recently revised to Selling Partner API) enables sellers
to understand the source of traffic for not only their own products but also for those of their competitors
(Malachard 2020). WeChat Marketing Services allow sellers to segment their own customers as well as those
of their competitors based on clickstream data (TDA|2019). The need for competitive intelligence services
has given rise to a number of third-party data brokers, such as Scrapfly, Competitive Analytics, Liberty
Metrics, and Jungle Scout, who provide automated data collection services to sellers in online marketplaces.

However, even though CIS are widely popular, little is known about how these services, provided by the
platform to its sellers, affect seller decisions and platform actions over time. On the one hand, consider the
decisions taken by the sellers after receiving business intelligence inputs. If, for instance, all the sellers on
a platform are subscribed to CIS, then they will all have access to intelligence inputs. Undoubtedly, these
inputs will alter their decisions compared to a situation in which only a few sellers are subscribed to CIS.
In the latter case, only the sellers receiving CIS inputs will gain a competitive advantage, whereas in the
former case, the effect of CIS is likely to be eroded. On the other hand, consider the decisions taken by sellers
during the data collection/analysis stage, i.e., before the availability of business intelligence. In that stage, the
decisions of all sellers, whether or not they have subscribed to CIS, are likely to directly affect the quality of
information gathered from the data collected. Thus, sellers have an opportunity to increase or decrease the
quality of intelligence available to the platform. Overall, after considering the ex-ante and ex-post impacts of
CIS on all the stakeholders, we arrive at the following research questions:

e How does offering CIS to both sellers affect the payoffs of the platform participants and consumer

welfare?

! https://www.statista.com/statistics/886904/amazon-seller-business-size-by-employees/

2 Competitive intelligence means understanding and learning about what is happening outside the firm to enhance its competitiveness.
It entails gathering as much information as possible, as quickly as possible, about the external environment, which includes the
industry as a whole and relevant competitors.
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e What is the impact of offering CIS exclusively to only one seller on the decisions and payoffs of the
platform, sellers, and consumers?

To address these research questions, we develop a stylized two-period model that studies two asymmetric
sellers (in terms of their market potentials) who sell their products through an online marketplace, which we
refer to as the platfornﬂ The platform charges a fixed subscription fee for CIS, and the sellers decide whether
to subscribe to the CIS or not. The sellers then compete in prices in both periods. In order to capture the value
and impact of CIS, we employ a demand-learning framework. Specifically, the market potential (represented
by online traffic) of each seller is initially unknown to both sellers and the platform provider. In the first period,
each seller sets an exploratory price with the objective of learning the true market potential during the first
period. At the end of the first period, each seller observes only her own sales, whereas the platform observes
sales of both sellers, and therefore has access to superior information. Based on the observed sales, both the
sellers and the platform update their beliefs about the true market potential. If a seller is subscribed to CIS,
then, at the end of the first period, that seller receives the updated belief of the platform. Otherwise, she relies
only on her own updated belief and decides on the second-period price. Building on the above modeling
framework and considering the possibility of each seller’s subscription decision for CIS information, we
create four scenarios and provide a complete characterization of the equilibrium prices and payoffs in both
periods.

To address the first research question, we consider two scenarios: one where both sellers subscribe to the
CIS, and the other where neither seller does. Under each scenario, we characterize the subscription fees that
are incentive compatible for the sellers. Finally, we compare the equilibrium payoffs from the platform’s
perspective. Our analysis shows that if the observations from the first period sales are too uncertain for
the sellers to accurately identify the true market potential or when the degree of competition between the
sellers is low, the platform has an incentive to induce both sellers to subscribe to the CIS. When either of
these conditions is not met, the platform actually prefers not to induce any of the sellers to subscribe to the
CIS. Consequently, each seller has to find her own balance between exploring the demand parameters and
exploiting the available information in a competitive environment. This result is robust to various extensions
under which seller asymmetry is observed in marginal cost, the total parameters governing the market potential
become state dependent, and the demand noise for each seller is non-uniform and partially correlated.

In order to address the second research question, we consider scenarios in which one seller subscribes
to CIS while the other seller does not. Our analysis shows that the platform finds it incentive compatible to
induce only the seller with the larger market to subscribe, accomplishing this by setting a subscription fee
that makes it profitable for only the larger-market seller to participate. Analyzing the equilibrium, contrary

to our intuition, reveals that a seller with a smaller market share may indeed benefit from not subscribing

3 Although technically and legally the marketplace provider and the platform owner may be different entities we do not make this
distinction and assume that platform owner is also the marketplace provider who operates the platform for sellers and buyers.
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to CIS. This counterintuitive finding arises due to the nature of first-period price competition between the
sellers when only one of them subscribes to CIS. Specifically, the seller who receives updated information
about the market potential from the platform has an incentive to charge a price that makes it difficult for the
competitor to explore. We call this signal-jamming and analyze its impact on equilibrium prices. Interestingly,
signal-jamming leads to both sellers charging higher first-period prices, which turns out to be mutually
beneficial for all parties involved, resulting in a win-win-win scenario for both sellers and the platform
provider. However, from a consumer welfare perspective, this scenario hurts the customers because of the
high prices at equilibrium.

Our findings have managerial implications for platforms and regulators. First, our study identifies when
and to whom marketplace providers should offer CIS: when the demand information is too uncertain for the
sellers, the platform should step in and induce both sellers to subscribe to the CIS by offering this service. Our
results show that this would prevent both sellers from charging suboptimal prices and increase profit for the
whole platform. We expect that products with short life cycles, such as fashion items or high-tech products,
are likely to have more uncertain demand; hence, in such cases, the platform should take the initiative to
explore and share the demand symmetrically with all marketplace players. However, in the case of products
with relatively less uncertain demand, such as commodity items or non-seasonal products, our results show
that the platform should either delegate the demand exploration to each seller or, if it must interfere, induce
only the seller with the larger market share to subscribe to the CIS.

That being said, from a regulator’s perspective, this asymmetric information sharing leads to lower consumer
welfare. As such, a marketplace regulator should ensure that platforms do not offer a subscription policy
that affects marketplace players asymmetrically. In fact, the recent data-sharing regulations designed by the
European Union aim to create a level playing field for all the stakeholders in online marketplacesﬂ Warnings
have been issued to ensure proper regulation of platforms and guard against their powerful network effects
(Sokol and Van Alstyne|2021]).

Along these lines, our findings speak directly to a sharp contrast between how the European Union (EU)
and the United States (US) regulate data sharing on digital platforms. The EU adopts an ex-ante approach:
the Digital Markets Act (DMA), which became applicable in May 2023 with gatekeeper compliance required
from March 2024, requires designated platform “gatekeepers” (such as Amazon and Meta) to provide business
users with continuous, real-time, non-discriminatory access to the data generated through their own activities
on the platform, and prohibits gatekeepers from using non-public business-user data to compete against those
same users (Articles 6(2) and 6(10); Commission|2025| |(Cabral et al.|2021). The US, by contrast, imposes
no comparable mandate and instead relies on ex-post antitrust enforcement, intervening only after specific

conduct is shown to harm competition. These two philosophies embody a fundamental trade-off: the EU’s

4 See, for example, the Digital Markets Act (Commission/[2025)) of the European Commission dated Dec. 15, 2020.


https://www.eu-digital-markets-act.com/Digital_Markets_Act_Articles.html
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symmetric-access rule is designed to protect smaller sellers and consumers but constrains the platform’s
ability to share information selectively, whereas the US’s permissive stance preserves the platform’s flexibility
at the risk of asymmetric outcomes that may disadvantage smaller sellers and consumers. Our model provides
an analytical lens for this debate: it identifies the specific market conditions under which the platform’s
privately optimal information-sharing regime is symmetric (consistent with the DMA) versus asymmetric
(permissible only under the US regime), and pinpoints exactly when each regulatory philosophy yields
socially desirable outcomes.

The rest of this paper is organized as follows. In § 2] we position our work in the context of other relevant
literature. In § 3] we develop our modeling framework. In § @] we analyze the impact of offering CIS to both
sellers. In §[5] we analyze the impact of offering CIS exclusively to only one of the sellers. We extend our

results in § [6|and conclude the paper with managerial and theoretical insights in §[7]
2. Related Literature

The design of initiatives for information exchange among members of the distribution channel has always
been a crucial topic (Guo and Zhao|2009, |Gal-Or et al.|2008}, [He et al.|2008] \Gal-Or et al.|[2007, Dukes et al.
2017). More recently, this has become even more critical due to the ability of online platforms to efficiently
collect extensive data on consumers’ purchasing habits. Consequently, the strategies for deciding to whom
and how this information is shared, often hidden from upstream manufacturers and rival sellers, have gained
greater significance (Zha et al.[2023| [Shi et al.|2023], [Long et al.|2022, |Caldieraro et al.|2018)). Our paper
contributes to this research stream by examining how platforms can benefit from competitive learning through
the governance of CIS among participants with varying market shares in an online marketplace.

The platform’s strategy for sharing sales information is based on how this information influences price
competition among retailers and, consequently, the profit of each party, as well as the overall channel profit (Lai
et al.|[2022). In reality, sellers may not have precise knowledge of the relationship between price and demand.
However, they can learn it through price experimentation (exploration) without completely sacrificing their
revenue maximization goal (exploitation). This exploration-exploitation trade-off has been examined in prior
research (Chen and Chen|2015)). With this in mind, our primary goal is to provide context for our work and
highlight its value and relevance. Accordingly, we categorize existing research into three groups based on
the market structures they analyze: (i) a monopolistic seller, (ii) competing sellers, and (iii) a platform and
competing sellers.

Early work on the exploration-exploitation trade-off analyzed the conditions under which a monopolistic
seller would eventually obtain complete information about the underlying demand environment, while it
focused only on exploitation (Rothschild|[1974, [McLennan|[1984] [Easley and Kiefer||1988| |Aghion et al.[[1993]
Harrington|[1995)). Later, the focus shifted to developing algorithms with provable worst-case bounds based

on minimizing regret. One approach to categorizing this stream of literature is by the mechanism used to
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estimate the demand parameters: Bayesian updating (Narayan et al.|2011], [Lin|2006, |/Araman and Caldentey
2009| |Gallego and Talebian|[2012} |Ching et al.|2013)), realization probability (Cao and Zhang|2021)), and
linear least squares (Misra et al.[2019] Bertsimas and Perakis|[2006). More recent work considers a variety of
revenue management issues, such as a limited range of prices available to the seller (Perakis and Singhvi
2019)), customized pricing decisions (Chen and lyer|2002, |Liu and Zhang|2006, |Chen and Gallego|2018)),
and the impact of markdown policies for demand learning with forward-looking customers (Birge et al.
2019). Our work differs from the monopoly stream in that we study seller competition. We identify the
subgame-perfect equilibrium prices, which take into account the optimum exploration-exploitation trade-off
given the competitive dynamics between sellers and the platform.

Accounting for competition in a demand-learning framework not only requires a rich underlying demand
model and a convoluted game-theoretic analysis, but also complicates the exploration-exploitation trade-off
faced by the sellers. Each seller needs to decide on the level of exploration while being aware that their
experimentation can benefit rival sellers by increasing their profits or by providing them with free demand
information (Bolton and Harris|1999). The majority of the works in this stream deploy a two-period model
with two sellers. Sellers have imperfect information about the demand model when making their first-period
decisions. In the second period, sellers make use of Bayesian updating based on the observed decisions and
outcomes. This research focuses on identifying how the subgame-perfect equilibrium decisions compare
with the myopic case (no exploration), the monopoly case, or the case of perfect demand information. Thus,
the most relevant categorization of the existing work from our perspective is based on the distribution of
information among the stakeholders. Specifically, it is either assumed that all sellers observe all the sales
and decisions (Belleflamme and Bloch|[2001}, Keller and Rady| 2003} |[Tsunoda and Zennyo|2021)) or that
the first-period decisions (output in Cournot models and price in Bertrand models) are private information
(Bernhardt and Taub|[2015| [Bonatti et al.|2017, [Stern and Birge|2020). When first-period decisions are
common knowledge, sellers tend to adjust their decisions to acquire more information at the end of the first
period. However, when first-period decisions are private information, an opportunity arises to manipulate the
information available to opponents, i.e., signal-jamming. The novelty of this work lies in its use of a platform
(i.e., an online marketplace) through which all the sellers compete. As an entity that has access to the sales
individually observed by each seller, the platform can also explore the true demand by itself and share this
information with all or none of the sellers or even exclusively with one seller, which is a unique and novel
scenario. By explicitly considering platform-mediated interactions, we explore the interaction between the
platform’s exploration and sellers’ pricing decisions.

Our model is also related to Operations Management literature that explores the impact of sharing demand
information in supply chains (Chen|[2003, [Wang et al.|[2022, |Guo et al.|2014, Jain|2022)). Previous studies
often examine bilevel supply chain structures and involve vertical (Cachon and Lariviere|[2001) or horizontal

competition (Ha and Tong2008) _as well as information-sharing sames among comneting sunnlv chains (Ha
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et al.[[2011} Shamir and Shin|2016). The credibility of shared demand information is a central concern in this
literature, addressed through screening (Ha and Tong|2008)) or signaling mechanisms (Giimiig|2014). Our
work differs in two main ways. First, while many studies assume one supply chain partner possesses ex-ante
private information about demand, in our model, demand information is ex-anfe unknown to all parties.
Second, prior research often assumes that private information remains unaffected by other supply chain firms’
decisions. In contrast, our model considers how each party’s (sellers and platform) knowledge of true demand
information is influenced by competing firms’ decisions (specifically pricing). These unique features allow
us to analyze the exploration-exploitation trade-off in the context of platform-mediated competition.
Recent works point to a growing interest in modeling the exploration-exploitation trade-off over a duration
longer than two periods (Perakis and Sood|2006] Stern and Birge|2020). |[Perakis and Sood! (2006) propose a
robust optimization approach that maximizes the revenue for each seller under the most adverse instances of
unknown parameters of the demand function. They prove the existence of equilibrium policies and develop
an iterative learning algorithm for finding them. In the work by |Stern and Birge| (2020), each seller estimates
the underlying demand curve using least squares estimation. Interestingly, the results suggest that sellers may
prefer to stay ignorant, as being informed may reduce prices (ignorance may lead to collusion). The analysis
of a strategic game shows the existence of an equilibrium in which firms actively avoid learning (by avoiding
experimentation) the true value of demand and attain a collusive outcome even in finite-time horizons.
Our work differs from the literature on information sharing in retail platforms. First, unlike much of the
literature (e.g., Bimpikis et al.| (2019); [Liu et al.| (2021)); |Wang et al.| (2022));|Zha et al.| (2023))), we do not
assume that the platform or sellers initially hold private demand information; instead, we introduce a novel
self-learning channel whereby sellers can infer demand from their own sales. Second, while most existing
studies adopt a single-period or single-decision setting in which uninformed parties remain passive, we
allow sellers to make two sequential pricing decisions, which creates a new intertemporal trade-off between
exploration and exploitation. Finally, relative to empirical work such asHuang et al.[(2022), which studies
adaptive learning in real markets, our contribution lies in a game-theoretic analysis of how subscription-based
and self-learning channels jointly shape equilibrium pricing, information acquisition, and welfare outcomes.
Last but not least, our model is also related to the literature on Bayesian persuasion and strategic information
design (Kamenica and Gentzkow|(2011))). In our model, the platform effectively commits to an information
disclosure policy—implemented through its CIS subscription design—that shapes sellers’ posterior beliefs
and pricing behavior. Unlike classical persuasion models, however, information in our setting is endogenously
generated through sellers’ pricing decisions and sales realizations, and competing sellers can strategically
manipulate the informativeness of this data. This interaction gives rise to signal-jamming incentives that are
unique to platform-mediated competition and highlight new limits and possibilities of information design in

competitive marketplaces.
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3. Model Framework

Consider two sellers, A and B, who are selling their products through an online platform, O, over two
periods. Both sellers are uncertain about their market sizes. To capture this uncertainty, we assume that the
market size of each seller depends on the demand state 8, where 0 can be high (i.e., 8 = H) or low (i.e.,
0 = L) with equal probability. The true value of the demand state is set by nature and is a priori unknown to
both sellers and the platform. We assume that sellers A and B vary in terms of their potential market sizes. Let
«;(0) denote the market size of seller i under demand state 8, where i € {A, B}. Without loss of generality,
we assume that seller A’s market size is stochastically larger than that of seller B, i.e., a4(8) > a(0) for any
realization of the demand state @ € {H, L}.

Note that, at the end of the first period, each seller observes her own sales, while the platform observes the
sales of both sellers. This highlights the significance of CIS benefits; the platform has a comprehensive view
of total sales, resulting in a more accurate updated belief about the demand state. Consequently, the platform
can share its updated belief with the seller(s) who have subscribed to the CIS. To model this, we define ¢
to represent the subscription fee, a lump-sum amount required to be paid by sellers if they desire access to
CIS benefits. Let y; € {0, 1} represent seller-i’s decision to subscribe to CIS (i.e., y; = 1) or not (i.e., y; = 0).
Consequently, four subscription regimes emerge: (i) regime J = () under which neither of the sellers subscribe
(i.e., ya =yp =0), (ii) regime J = AB under which both sellers subscribe (i.e., y4 = yp = 1), (iii) regime J = A
under which only the larger seller subscribes (i.e., y4a = 1;yp =0), and (iv) regime J = B under which only the
small seller subscribes (i.e., y4 = 0; yg = 1). In order to avoid trivial cases, in which a seller can always learn
the true demand state, we introduce a random shock in the demand function in a multiplicative forn| via a
random variable €, for t € {1,2}, where ¢, is independent and identically distributed uniformly €, ~ U[0, 1].

The sales observed by each seller in period ¢ under regime J have the following linear functional fornﬂ

di,t (p\i{z’pii,z) = ai(o) _p}{t + 2%:(1’2-,; —P,{,)

J
—it

where p/, and p’ ;, denote the prices set by seller i and the competitor —i, respectively, in period #, given
the subscription regime J € {AB, A, B, ()}. Note that parameter y controls the magnitude of both own- and
cross-price elasticities, and as such, influences the degree of price competition between the sellers. When ~y
is set to zero, the cross-elasticity term vanishes, and therefore, the price set by the competitor firm has no
effect on the demand for the firm’s product. However, as ~y increases, a change in the competitor’s price has a
progressively greater impact on the firm’s demand curve. Note also that the absolute value of the own-price
elasticity of the demand function is greater than that of the cross-price elasticity in expectation, which is
consistent with the findings in economics literature (e.g. | Vives||1999).

> Both multiplicative and additive cases are extensively considered in the literature. We refer to |Petruzzi and Dada (1999) for a
detailed discussion of this issue.

6 Consistent with game theory terminology, we denote the competing seller by subscript —i throughout the paper.
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We assume that the marginal cost of the product is normalized to zero and consider the non-zero marginal
cost in §@ Given the subscription decisions y;,y_; € {0, 1}, which result in regime J, the expected channel

profit generated by seller i can be expressed as follows:

2
J (. J J
Z dis (pi,t’pfi,t) pi,t‘|
=1

where P/ represents the price trajectory of seller i over two periods; i.e., P/ = (p],,p],), the expectation

J
TCli (lepjfz) =Ep.,

is taken with respect to the a priori distribution on the demand state € and the multiplicative noise €, for

t € {1,2}. Consequently, the payoff of seller i can be written as follows:
wl (PLPL) == Bymly (PLPL) = vio (1)

where /3 denotes the commission rate charged by the platfornﬂ for each unit sold. To induce the information

regime J € {AB,A, B, ()}, the platform needs to solve the following optimization problem:

max 71'6 =4 Z Wé“ (P,J,PJ_,> + Z yi¢ @
¢ i€{A,B} i€{A,B}
subjectto i/ (PLPL,) >/ (PLPL)), I 4. i€ (A.B) 3)

where constraint (3)) represents the incentive compatibility constraint, ensuring that seller i is better off by
choosing a subscription decision aligned with regime J. The detailed account of events is depicted in Figure
At the outset, nature determines the true demand state @ € {H, L}. The game is then played in the following
stages:

— Subscription stage: Without knowledge of the value of 0, the platform sets the CIS subscription fee
¢. Sellers then rely on their prior beliefs to decide whether to subscribe to CIS (i.e., y; = 1) or not (i.e.,
y; = 0). Consequently, the subscription regime J € {AB, A, B, ()} is established and remains valid for two
periods. A key practical consideration is whether, in the presence of CIS services, a seller consents to the
platform sharing her sales information with the other sellelﬂ In §4| we characterize the equilibrium under
subscription regimes AB and (). Under regime AB, the platform offers the CIS subscription to both sellers,
and it is implemented only if both sellers provide their consent. In §5 we extend the analysis to subscription
regimes A and B, where the CIS subscription is offered unilaterally to a single seller, and thus, consent from
the other seller is required.

— Price competition in period 1: Sellers A and B use their a priori beliefs about the true demand state and
simultaneously set their prices pj | and py,, respectively. At the end of period 1, each seller observes her own
sales, d;,i € {A, B}, while the platform observes each seller’s sales; df(y , and d{e, -

7 For instance, according to Amazon pricing policy (https://sell.amazon.com/pricing), Amazon charges a fixed commission

fee of 15% for categories like backpacks, handbags and luggage, as well as toys and games, 17% for clothing and accessories, and 8%
for consumer electronics such as cell phone devices and computers.

8 We assume that if a seller subscribes, the seller will provide consent. However, if a seller chooses not to subscribe to the CIS, she
may either provide consent or withhold it from the platform.


https://sell.amazon.com/pricing
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— Belief revision stage: The platform updates its belief 8, and learns the true demand state; i.e., Pr(6, =
0) = 1. It shares these updated beliefs 8, with seller(s) if they opted for subscription to the CIS. Specifically,
let ; denote the posterior belief of seller i € {A, B} regarding demand at the end of the first period. Therefore,
0,=0,ify;=1.

— Price competition in period 2: Sellers A and B use their posterior beliefs 0, regarding the true demand
state and simultaneously set their prices p} , and py,, respectively. The sales d4 , and d,, would be observed

at the end of the second period.

Figure 1  Sequence of events

CIS subscription Price competition Belief revision Price competition
stage in period 1 stage in period 2
A A A A
4 AY4 A4 AV 4 \
Platform observes the sales

Platform decides Sellers of both sellers and updates Sellers update their Sellers observe

on the CIS simultaneously set his belief on the state of belief on the state of their sales
subscription fee ¢ their prices pfm, pél demand, 6p. demand, 6, and 6p daz dpo

¢ ¢ 4 | .
¢ ! ! ¢ f

Nature decides Sellers decide on CIS Each seller observes  Based on the CIS subscription Sellers
on the market  subscription y; € {0,1}. its own sales regime J, platform may share simultaneously set
state O Regime J € {AB, A, B, B} dy1,dpa the updated belief 8p with the  their prices p1{1,2' pélz
is determined. seller(s).

To simplify the notation, in our baseline analysis, we assume that the total market size is normalized and

equal to 1 under both demand statesﬂ Accordingly, we use a4(0) = ag and ap(@) =1 — ag for 8 € {H,L}.
3.1. First-Best Solution

In this section, we analyze the first-best solution assuming that the platform controls the pricing decision
of both productﬂ Let p} denote the first-best prices charged by the platform for product of seller i € {A, B}

and in period ¢ € {1,2}. Then, the platform solves the following optimization problem:

péf;’,;;: T = re1.2) s Pl Plas) “

The optimal solution is fully characterized in the following proposition. Note that all proofs are provided in
the e-Companion under Section EC.2. For ease of reference, each proposition has a dedicated subsection, i.e.,

the proof of Proposition 1 appears in EC.2.1, the proof of Proposition 2 in EC.2.2, etc.

PROPOSITION 1. Under the first-best scenario:

— In the first period, the platform sets ply, = p" + A and P =p" — A where A = AL, =1

—
and z;b = omta—]

T 42y ag—ap

9 We relax this assumption in

107n the first best solution, sellers A and B sell differentiated products and we refer to them as product A and B.
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— The learning is perfect; the platform learns the true demand state, i.e., 0, =0,

— In the second period, the platform charges the state-dependent prices, i.e.,

1 2ap-1 1 2091
- 20T e
Pha=g al+2y) " Pr2=3 4(1+27)

Recall that, by assumption, seller A’s product is expected to achieve a higher market share than seller B’s
product. Therefore, both first- and second-period prices for product A are set higher than those for product B.
This price distinction is evident in the optimal price structure described in Proposition[I} where the price for
product A surpasses that of product B. Furthermore, the price difference between the products diminishes as
the degree of substitution (measured by ) increases. This is intuitive because the platform prefers to narrow

the price gap to prevent demand cannibalization between the products.
3.2. Preliminaries

Before characterizing equilibrium under different CIS regimes J, we first formulate the problem and define
the solution concept for the equilibrium. Under a specific CIS regime, each seller sets her price in each period

by solving the following price optimization problem:

max = 772{1 (pi-p—in) + Wiz (Pi2-r—i2) Q)

given that p_;, solves the competing seller’s optimization problem:

max =7l (p—inepin) + 7l (P—in.pi2) (6)
We utilize the concept of Perfect Bayesian Equilibrium (PBE) (Fudenberg and Tirole|[1991) to solve the
game described above. Given the subscription regime J, PBE requires the satisfaction of the following two
conditions:
e Subgame perfection condition: Given the updated (i.e., a posteriori) beliefs 8, and 03, there is no
profitable deviation for any seller from the equilibrium prices sequentially in the sense that:
—In period r = 2, there is no profitable deviation for a seller given the equilibrium first-period prices
and the competitor’s second-period price.
—In period ¢ = 1, there is no profitable deviation for a seller given the equilibrium subscription decisions,
and that sellers follow their best responses in period ¢ = 2.

e Bayesian updating condition: Given the first-period prices, sellers update their beliefs about the true

demand state in line with the Bayesian updating rule.
4. Model Analysis

In this section, our focus is on the competitive setting, and we analyze the impact of inducing both sellers
to subscribe or not to subscribe to CIS on their equilibrium decisions and payoffs. To accomplish this, we
first examine the equilibrium in the case of J = AB in §4.1] where both sellers choose to subscribe to CIS.
Subsequently, in §4.2] we characterize the equilibrium prices in the case of J = (), where neither of the sellers
opts to subscribe to CIS. Next, in §4.3] we characterize the full equilibrium and evaluate the impact of the

equilibrium on payoffs.
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4.1. Regime J = AB: Inducing Both Sellers to Subscribe to CIS

In this case, the platform can induce both sellers to subscribe to CIS by finding a subscription fee ¢ in Eq.

(2) that satisfies the following two incentive compatibility constraints:
A (1) = o () o
w8 (PP, PAP) =k (P2 PE) ®)

The above constraints collectively ensure that both sellers are better off by subscribing to CIS, thus forming
the information regime J = AB. Moreover, since the platform has access to both sellers’ sales data and can
always identify the true demand state at the end of the first period, both sellers are guaranteed to learn the
true state of demand in the first period. This means that, unlike the no-CIS regime analyzed later in §4.2]
(Proposition [, where the first-period prices are shaped by an exploration-exploitation trade-off, in the
presence of CIS, the sellers focus purely on exploitation, i.e., maximizing their first-period profit through

price competition.

PROPOSITION 2. The platform can induce subscription regime J = AB only if ay € (ay,a4], where
4P is the solution of 25 (PgE, PAP) — iy (P4, P3) = 0. The CIS subscription is offered at a cost ¢*f =
(1= B) ok (P38, PiB) — mds (P, PY) |, both sellers subscribe and set the following equilibrium prices for
the first period:

pﬁ’Bl =p'B +z;,‘BA, and pgﬁ =p'B — zﬁBA,
where p'8 = L AB = Dlantor=) Chug A = ‘1‘"47;0“. After the first period, the platform learns the true

- 2Q2+7)’ ~p - Q+3v)(ag—oy)’
demand state, i.e., 0o = 0, and shares the information with both sellers, i.e., 8, = 0z = 0. In the second

period, sellers set the following equilibrium prices:

VHQEDUO) s T+REDaO)
C+72+37) B27 2+y2+3y)

PAg =

The main takeaways from Proposition [2] are as follows. First, to induce both sellers to subscribe, the
platform sets the subscription fee high enough to capture the entire surplus that the smaller seller would
gain from subscribing to CIS. However, the larger seller, i.e., seller A, can still retain a portion of the
surplus after accounting for the subscription fee. Second, inducing both sellers to subscribe to CIS is only
feasible when the difference between the demand states under the a priori distribution is sufficiently low
(i.e., ap < ay < aff). Note that the first-period price of seller A (and seller B) increases (decreases) with
ay. When this difference becomes significant, i.e., oy < & < ay, it becomes infeasible for the platform
to satisfy the incentive compatibility constraint (7). This is because the price competition intensifies in the
first period; as ay increases, seller A becomes more optimistic about a favorable market state, leading her to
raise her price to take advantage of the opportunity. To mitigate the price competition, seller B prefers not to

subscribe, opting to wait, observes her own sales, and makes decisions based on her posterior beliefs in the

second period. Lastly, under regime J = AB, the average equilibrium price in the first period is lower than



Author: The Impact of CIS on Online Marketplaces 13

the first-best average price in Proposition 1| (i.e., p*® < p”). However, the difference between equilibrium
prices is higher than that of the first-best prices (i.e., zﬁB > zs;”). These results are due to the price competition,
leading to lower and more differentiated price levels compared to the first-best scenario, where the platform

controls sellers’ prices.

4.2. Regime J = (): Inducing No subscription to Both Sellers

In this section, we analyze the scenario under which the platform induces both sellers not to subscribe to

the CIS. To achieve this, the platform needs to satisfy the following incentive compatibility constraints:
w8 (Ph.PY) = nf (Ph.PE) ©)
=) (Ph.Ph) = =4 (P4 P) (10)

The above constraints collectively ensure that both sellers are better off by not subscribing to CIS, thus
forming the information regime J = (). Note that, without CIS, sellers only observe their own sales at the end
of the first period. Using backward induction, we first establish the beliefs regarding the true demand state
for each seller based on their first-period prices. Depending on the ordering of first-period prices between
sellers A and B, two cases arise: (i) pa1 > pg, and (ii) pa.; < pg.1. Throughout the paper, we focus on the first
case, because, as shown in the e-Companion, it is the only scenario that can be sustained on the equilibrium
path. Given the price difference in the first period and realized first-period demand, one can characterize the

belief revision of each seller.
PROPOSITION 3. Without subscribing to CIS, seller i updates her beliefs about the true demand state 0

according to Figure[2} which is illustrated as follows:

>

. : o oy ps  —ph !
o [fthe difference between the first-period prices is less than 2\, where A = O‘HTO‘L, ie., zg = % <1

then, irrespective of the demand shock, both sellers A and seller B always learn the true demand state, i.e.,
0,=0 for bothi € {A,B}.
o [fthe price difference is larger than 21\, i.e., zf,) > 1, then, seller i’s learning depends on the true demand

state (i.e., whether @ = H or 8 = L) and the magnitude of the first-period demand shock, i.e.,

Pa17Pp,
0,={L ife;>1— 22 and@=L
Pa1Pp

0 otherwise.

Figure 2 Sellers’ belief updating based on first-period prices, true demand state 6 and demand shock ¢;
Both sellers learn 2A None of the sellers learn None of the sellers learn 24 Both sellers learn
(i.e.,04 = 05 = H) Pai—Pon (i.e.,6, =65 = 0) (i.e.,04 =05 =10) T pp1-pas (e,04=06p=H)
6=H : €1 6=H : €1
0 1 0 1
Non_e Of;he_szllerj I;arn 1__ 28 .B°'h sellers learn Both sellers learn 2 None of the sellers learn
(i-e.,64 =65 =0) Pas — PBa (i.e.,0p=05=1) (i.e., 84 =05 =1) Pe1—Pai (i.e.,04, =063 =9_)
|
6=1L ‘ &1 =1L { €1
0 1 0 1

(@) pa,1 > P

(b) pa1 <pa,1
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Proposition [3| clarifies that a seller’s ability to learn the true demand state depends on the magnitude of the
first-period price difference and demand shock. As shown in Figure[2] if the first-period prices are sufficiently
close to each other (i.e., zg < 1), both sellers are guaranteed to learn the true demand state through individual
self-exploration; i.e., they can do so on their own. The rationale behind this is that the random noise gets
amplified in the price difference. Therefore, if the price difference exceeds a certain threshold, it becomes
difficult (with a smaller probability) to determine whether the observed demand is driven by the true demand
state or random demand noise. If the magnitude of the first-period price difference is sufficiently large, then
sellers can infer the true demand state depending on the magnitude of demand shock and true demand state.

Namely, sellers can infer the true demand state only when their individual demand realization is at an extreme:

either the demand shock is sufficiently low (i.e., €; < o lzfp 31) or the demand shock is sufficiently high
(i.e,e >1— o lzfp — ). This makes sense because when the price difference is large, the demand noise also

becomes significant. Therefore, each seller needs to observe a signal that is sufficiently strong to differentiate
between the high demand state and the low demand state.

The above observation has an important implication for the pricing policy of the sellers during the first
period. On the one hand, if sellers A and B want to learn (i.e., explore) the true demand state by observing
only their own sales, they have to converge their prices closer to each other, resulting in a smaller zf,). On
the other hand, the desire to exploit their first-period profit triggers price competition, compelling sellers to
differentiate their products by widening the price gap. This creates conflicting incentives for the first-period
prices and introduces an exploration and exploitation trade-off for the sellers. The following proposition fully

characterizes the equilibrium first-period prices under this exploration-exploitation trade-off:

PROPOSITION 4. The platform can induce both sellers not to subscribe by setting subscription fee ¢° €

[max{S%,59},+00), where S = (1 — B)[7L, — 7ly] and SY = (1 — B)[mh, — 7ol

pg’l =17@ +ZBA, and pgl =[7@ - ng

where A = '”1’47;%, and (p°, zg) is characterized in the EC.2.4. At the end of the first period, the sellers observe
the sales and update their own beliefs according to Proposition[3} Two scenarios may occur:

(i) If the sellers learn the demand, i.e., @ = H or 0 = L, then they set the following equilibrium second-period
prices:

0 _ 7+ 2+71aad)

_ 0 7+Q+7ag®)
PA2= g pe+3y)

d = .
PP 0243y

(ii) If the sellers do not learn the demand, i.e., @ = 0, they set the following equilibrium second-period prices:

0 _ 1 ag+ap—1 and 0 _ 1 _aH+aL—l
PA2= 50 T 2043y PB2= 504 " 22+37)
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4.3. Characterization of Equilibrium

Now, we are ready to analyze the subscription decision of the platform. By comparing Propositions 2]
and 4] we can characterize the full equilibrium. Leaving the details to the e-Companion, we characterize the
equilibrium subscription decision of the platform and equilibrium prices and belief-updating of the sellers in

the following Proposition 3}

PROPOSITION 5. The equilibrium is divided into four regions, in each of which the platform’s equilibrium
regime J* is characterized as follows:

® Region R, (J* =AB): Sellers are induced to subscribe to the information-sharing service and set their
first-period prices accordingly. The platform observes sales, learns the true demand state, and shares this
information with the sellers.

e Region R, (J* =(): The platform sets the subscription fee high enough to discourage sellers from
subscribing. Sellers set their first-period prices and update their beliefs based solely on their own demand
observations.

e Regions Ry and Ry (J* =()): Sellers do not require a subscription to learn the true demand state. They
set their first-period prices and always infer the true demand by observing their own sales.

The corresponding equilibrium subscription fees, prices, and belief-updating rules are characterized in

EC.2.5 and depicted in Figure 3]

Figure 3 Platform’s equilibrium subscription regime between J=AB and J =0 as a function of the demand spread

ay (horizontal axis) and the substitution intensity v (vertical axis)

y

J=AB

a, 1

As characterized in Proposition[5] the full equilibrium is categorized into four regions depending on the value

of system parameters. To gain a deeper insight into the equilibrium analysis, we can evaluate each region

by defining a ratio denoted by n = —“2—=L__ Delegating the details to the e-Companion, this ratio can be
ay+op—1

shown to equal the spread between the demand states under the a priori distribution divided by the difference

between the sellers’ average demands. Hence, it can be referred to as the signal-to-noise ratio (SNRE Since

1A similar term is employed by Hansen et al.|(2021) to demonstrate how long-run prices depend on informational value.
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the SNR (n) increases in oy, we can rank the regions by their SNR values: region R, corresponds to the
lowest SNR, region R, to a medium SNR, and regions R; and R, to the highest SNR. Using this measure, we
can assess each region as follows:

e Region R;: The SNR is extremely small, indicating only a narrow gap between the two demand states.
In this setting, sellers find it difficult to identify the true demand state on their own. It is therefore up to
the platform to determine whether it is beneficial to induce them to subscribe to the information-sharing
service (CIS), a decision that involves a trade-off between first- and second-period outcomes. Inducing both
sellers to subscribe to CIS benefits the platform in the second period: by sharing information, the platform
enables sellers to fully learn the demand state at the end of the first period, allowing them to set more efficient
prices and ultimately increase their second-period profits. The impact on first-period profits, however, is
less straightforward. If both sellers know they will receive updated beliefs before the second-period price
competition, they have no incentive to bring their prices closer together in the first period. This reduces price
competition and lowers the platform’s first-period payoff. Nevertheless, the gain in the second-period payoft
from more efficient pricing outweighs this loss. Accordingly, in region R, the platform has an incentive to
set the subscription fee low enough to encourage both sellers to subscribe to the information-sharing service.

e Regions R,, R;, and R,: The SNR is sufficiently large for sellers to potentially learn the true demand state
without subscribing. They can do so via one of two strategies: (i) bring their prices closer together (i.e., set
z, < 1), which -per Proposition @- allows both sellers to always learn the true demand state, or (ii) maintain
distinct prices in the first period (i.e., set z, > 1) and infer the true demand state only probabilistically. The
first strategy intensifies competition, which benefits the platform during the first period, while the second may
result in suboptimal second-period prices due to the possibility that the demand state remains unidentified,
which hurts the platform during the second period. Nevertheless, we can show that regardless of which
strategy sellers choose, it is always optimal for the platform not to share demand information. Hence, in
Regions R,, R3, and Ry, the platform has no incentive to induce sellers to subscribe to CIS. From the sellers’
perspective, however, there is a trade-off between these two strategies, which depends on the level of v, as
explained below:

—Region R,: In this region, 7 is relatively high, which increases the degree of competition between
sellers. Therefore, the sellers prefer to keep their first-period prices different (z, > 1). Consequently, in some
cases, the sellers cannot determine the true demand state by the end of the first period and must rely on their
a priori beliefs when setting second-period prices.

—Region R;: With sufficiently low ~, the cost of bringing prices closer is smaller due to weaker
competitive pressure. Sellers, therefore, set their prices close enough (z, = 1) to fully eliminate noise and
always learn the true demand state.

—Region R,: The SNR is already very high, so sellers set z, < 1, which enables them to identify the

true demand state from their own demand observations without having to adjust their first-period prices.
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4.4. The Impact of Equilibrium on Sellers’ Payoffs and Consumer Surplus

Up to this point, our analysis has focused on the platform’s perspective. Since the platform’s payoff depends
on the combined profits of both sellers, it can tolerate a reduction in one seller’s profit as long as the overall
change in total profit is positive. We now extend the analysis to examine how the equilibrium decisions affect

the individual payoffs of sellers A and seller B, as formalized in the following proposition.

PROPOSITION 6. As shown in Figure{d| the comparison between each seller’s payoff under J = AB and
J =0 scenarios results in the following characterizations:
1. Seller A’s preference is similar to that of the platform, albeit with slightly different regions, i.e., seller A
prefers J = AB over J =) in region R}, otherwise seller A prefers J = () over J = AB.
2. Seller B prefers J = AB over J =) in regions R, and R,, otherwise seller B prefers J =) over J = AB.

3. Consumer surplus (CS) is maximized by regime J = () in all regions.

Figure 4  Payoff comparison between regime J =AB (both sellers subscribe) and regime J={ (no seller
subscribes), shown for the platform, each seller, and consumer surplus, as a function of the
demand spread oy (horizontal axis) and the substitution intensity v (vertical axis) (In each
panel, the dark-shaded area indicates where the corresponding party is better off under /= AB, and the

light-shaded area where it is better off under J = ().

y

Ay

a, 1 ap, 1 a, 1 a,

(a) Platform (b) Seller A (c) Seller B (d) Consumer Surplus

Proposition 6| characterizes the preferences of sellers and consumer surplus between regime AB and regime
(). Do they prefer exploration mediated by the platform (i.e., regime AB) or independent self-exploration (i.e.,
regime ())? Firstly, as shown in Figure 4] seller B prefers CIS regime in both regions R, and R,. But seller A
prefers CIS regime only in a subregion inside R, where the SNR is very low. Note that the smaller the SNR,
the more difficult it becomes for seller A to independently explore the demand state, therefore, Proposition [f]
can be interpreted as follows: If seller A has to significantly reduce the price in order to self-learn, seller A
can benefit from CIS, while seller B consistently benefits from CIS in both regions R; and R,. The rationale
behind this interesting result is, again, tied to the impact of the method of demand exploration on competitive
prices. When sellers need to explore demand themselves, seller A ends up decreasing the price, while seller B

increases it. This leads to different consequences for sellers’ first- and second-period profits. For both seller
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A and seller B, self-exploration during the first period might not always reveal the true demand state in the
second period. This is because they rely solely on their own observations and may not determine the true
demand state if the actual sales differ only slightly from their expectations (for detailed information, refer to
Proposition[d). However, if the sellers subscribe to CIS, they receive the true demand state from the platform,
regardless of the sales realization. Consequently, both sellers are worse off with self-exploration from the
perspective of second-period profits.

However, self-exploration, while it may harm both sellers in the second period, can actually benefit seller
A in the first period. To understand this difference, let us first consider the CIS scenario. When the platform
provides information about the true demand state, sellers have complete knowledge in the second period,
leading to intense competition between seller A and seller B in the first period. Seller B tends to undercut
seller A. This benefits seller B, as seller B always benefits from receiving CIS, both in the short term (i.e.,
first period) and in the long term (i.e., second period). However, seller A prefers the no-CIS scenario over
CIS in the first period, primarily because it leads to reduced price competition in the form of less aggressive
undercutting by seller B. There is, however, a caveat. Under the no-CIS regime, seller A needs to lower her
price to engage in self-exploration, which results in a reduced profit margin in the first period. If the SNR is
very low (i.e., subregion R; in R)), seller A needs to significantly decrease the profit margin; thus, overall, the
seller benefits from CIS subscription in the first period. In summary, in subregion R}, seller A’s short-term
loss from no-CIS is compensated by her long-term gain from receiving CIS.

The above analysis also has direct implications for the ongoing regulatory debate between the European
Union (EU) and the United States on data access in digital platforms. Recent regulations in the EU increasingly
emphasize improving sellers’ access to data generated through their own platform activities. Notably, the
EU’s Digital Markets Act (DMA) (Commission|[2025)) adopts a non-discriminatory perspective by requiring
designated platform "gatekeepers” to provide business users with continuous, high-quality access to data
related to their sales and performance, without discriminatory treatment across sellers of different sizes
(Cabral et al.|2021). Although our model treats the information-sharing regime as a choice variable of the
platform provider, the fact that smaller sellers benefit disproportionately from information sharing relative to
larger sellers yields insights that are consistent with this regulatory approach. Specifically, region R, (where
J* = AB) corresponds precisely to the symmetric, non-discriminatory regime that the DM A mandates: when
the SNR is low, the platform’s privately optimal choice happens to coincide with the symmetric-access rule,
so the EU mandate is not binding. As we discuss in detail at the end of §5] the tension between the two
regulatory philosophies arises only once the asymmetric regime J = A becomes available, which is precisely
the case the US framework permits but the DMA forecloses.

Figure {|(d) also shows that consumer surplus is maximized under regime (). This outcome stems from
how information-sharing regimes affect equilibrium prices, as described in Proposition [5] Between regimes

AB and (), the latter yields equilibrium prices that are more favorable for consumers. Intuitively, when both
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sellers must rely solely on their own sales to update beliefs, they bring their prices closer together to improve
demand learning. This leads seller B to increase her price while seller A lowers hers. Although the increase
in seller B’s price reduces consumer surplus, the decrease in seller A’s price has a larger positive effect, since
seller A serves a larger share of the market. The net result is an overall improvement in consumer welfare

under regime (.
5. The Impact of Inducing Only One Seller to Subscribe to CIS

In §4] we analyzed the scenario in which the platform induces both sellers to subscribe to CIS. In this
section, we extend the analysis to cases where the platform may offer the CIS subscription unilaterally to a
single seller - either seller A or seller B - provided that the chosen seller agrees to pay the subscription fee.
Since the platform derives demand information from the realized sales of both sellers, sharing this information
with only one seller requires obtaining consent from the other. Consequently, as shown in Figure 5] unilateral

information sharing is implemented only if the non-subscribing seller grants consent.

Figure 5  Sellers’ subscription and consent decisions
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Now, we analyze the equilibrium under unilateral subscription regimes. We have two cases: Regime J =A
and Regime J = B. If the platform wants to induce CIS subscription for seller A only, i.e., forming the
subscription regime J = A, then the subscription fee offered by the platform should satisfy the following
incentive compatibility constraints of the sellers:

B (PhP) =0 - oy (PRPR) = (- ooty (PR.PAY) — o =o? (PR2PA7) 1)
wd (PA-P) == By (PRPR) — 0" = (1= )y (P PR) =4 (P4 P)) (12

where constraint (IT)) ensures that when seller A subscribes to CIS, seller B has no incentive to subscribe.

Similarly, constraint @I) ensures that if seller B decides not to subscribe, seller A has no incentive to deviate
and not subscribe. These two constraints together define subscription regime J = A where y, =1 and y; =0.
Similarly, the following constraints should be met if the platform intends to induce only seller B to subscribe

to CIS, hence forming regime J = B:
w4 (PR PR) =1 = Byl (PR PR) — 6" = (1= Byl (PB.PY) = (PR PY) (13)
i (PR.PR) = (1= pymloy (PR.PR) > (1=t (AP PRP) — 6P =P (PAP.PRP) (1)



Author: The Impact of CIS on Online Marketplaces 20

Before characterizing the equilibrium, we first show that inducing subscription only to seller B (i.e., the
seller with the smaller market size) is not feasible. This issue stems from conflicts between the subscription
incentives. On one hand, constraint (I3 represents the maximum allowable value of the subscription fee to
ensure that seller B retains incentives to subscribe. On the other hand, constraint (T4) signifies the minimum
value of a subscription fee needed to prevent seller A from subscribing. These two conditions together establish
bounds on the subscription fee when inducing J = B, namely: 745 — 78, < ¢# <78, — 7%,. However, the
lower bound is greater than the upper bound. Therefore, as characterized below, implementing the subscription

regime J = B is not possible.

PROPOSITION 7. Regime J = B is not implementable, i.e., the platform cannot induce only seller B to

subscribe.

Next, we consider the case where the platform aims to induce only seller A to subscribe to CIS. At the
end of the first period, seller A receives an updated belief from the platform, while seller B relies solely
on her own sales. Our analysis reveals that seller B’s belief updating follows the same process as the one
characterized under the no-CIS scenario (regime J = (3). In other words, as outlined in Proposition E], seller B

updates her beliefs as follows:

H ife,<—22 and@=H
PA1—DPB,1
Op=<L ife>1-— and @=L (15)

] otherwise,

PA,1—DPB.1

where A = ""’47;%. Since €; is bounded between 0 and 1, the updating rule implies that seller B can learn the
true demand state when the first-period price difference between sellers A and B is sufficiently small. In §4.2]
we showed that both sellers have an incentive to bring their prices closer together to reduce demand noise and
facilitate demand learning. However, under regime J = A, seller A is induced to subscribe to CIS and thus
receives the true demand state directly from the platform, while seller B must still rely on her first-period sales
to update her beliefs on the true demand state. In this case, seller B continues to have an incentive to align her
price with seller A’s, but seller A no longer benefits from doing so. In fact, as we characterize below, seller A
now has an incentive to increase the first-period price difference, which in turn makes demand learning more

difficult for seller B. We refer to this as signal-jamming and analyze its impact on equilibrium prices.

PROPOSITION 8. The equilibrium under regime A is characterized as follows:
— The platform can induce only seller A to subscribe by offering ¢" = (1 — B)[74, (P4, P3) — wl, (P4, PY)].
— Sellers A and B set the following prices in the first period:

pﬁﬁ1=ﬁ?+z2A, and p‘gJ:f/i\fszA

where (p},z)) is described in EC.2.8 and A = “1L-°L,

4y
— After the first period sales, seller A receives the true demand state from the platform and seller B

updates her own beliefs according to Eq.(I3).
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— In the second period, the following equilibrium prices are set if seller B learns the true demand state:

A Y+ 2+7aa@)

_ A7 +Q2+7ag0)
PA2= "0 )2+ 3y)

d =
A P2 T )2+ 3y)

and the following equilibrium prices are set if seller B does not learn:

_ 40+ - C+y)(ap +oyr)

_ 1+ C+7aa®@)  Alap+ap —204(0)]
iz ad PR G e

2T 2472 +3Y) 41+7)2+3y)

The first part of Proposition [§] establishes that inducing subscription from seller A, i.e., the seller with
the larger market size, is feasible provided the subscription fee ¢ is chosen appropriately. Specifically, the
fee must be high enough to deter seller B from subscribing to CIS, yet low enough to ensure that seller A
finds subscription profitable. By setting ¢* accordingly, the platform can satisfy the incentive compatibility
constraints of sellers A and B. The second part of Proposition [§|characterizes the first-period equilibrium
prices under regime J = A. Since seller A receives updated demand beliefs from the platform, she has no
incentive to engage in exploration and instead focuses solely on exploitation in the first period. This behavior
has two key implications. First, it increases the price gap between sellers A and B. As characterized in the
below Proposition [} we compare the first-period equilibrium prices across all three regimes and demonstrate
that the price difference between A and B is larger under regime A than under regime (). This wider gap
between the first-period prices generates a signal-jamming effect: the greater the initial price difference,
the less likely is seller B to update her beliefs about the true demand state. Second, as seller A raises her
first-period price to hinder seller B’s learning, seller B responds by increasing her own price. Consequently,
the average first-period price level under regime A exceeds the price levels characterized under both the

full-information regime (/ = AB) and the no-information regime (J = ().

PROPOSITION 9. The following statements hold for first-period equilibrium prices under the three regimes:
— The ranking of first-period price differences between the sellers is Z\" > 24 > 20

Ry . o . Ao - _
— Letp’ = w denote the average first-period price in regime J. Then, p* > p*? = p°.

Note that the above proposition not only reveals the signal-jamming behavior but also has implications for
the platform’s preference in implementing regime A, regime AB or regime (). By comparing the platform’s

payoffs under these three regimes, we can now characterize the equilibrium as follows:

PROPOSITION 10. The equilibrium is divided into four regions, as summarized below:

e Region R,: Both seller A and seller B are induced to subscribe to the information-sharing service.

® Region R,: Only seller A is induced to subscribe to the information-sharing service.

e Regions R; and Ry: Neither seller A nor seller B is induced to subscribe to the information-sharing
service.
The corresponding equilibrium subscription fees, first- and second-period prices, and belief-updating rules

are characterized in EC.2.10 for each region and depicted in Figure [0}
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Figure 6  Platform’s equilibrium subscription regime (J*) in the full model as a function of the demand spread oy

(horizontal axis) and the substitution intensity v (vertical axis)
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The comparison between the equilibria characterized in Proposition [I0] and Proposition [5| reveals both
similarities and differences. First, similar to Proposition[5] the equilibria in Proposition [I0]also consist of
four distinct regions, although regions R, and R, differ slightly from those in Proposition[5 Second, in all
regions except R,, the same regime is implemented in both propositions. The key distinction arises in region
R, where regime () in Proposition is replaced by regime A in Proposition

This difference stems from the signal-jamming behavior of seller A toward seller B. In region R, under
Proposition 3] the platform benefits from not sharing demand information, as the sellers are incentivized
to align their prices more closely, thereby intensifying first-period price competition. In contrast, under
regime A, the platform can selectively set the subscription fee to incentivize only seller A to subscribe to
the information-sharing service. With access to information, seller A increases her price to jam seller B’s
demand learning, prompting seller B to increase her own price in response. As a result, both sellers charge
higher prices. Even though this results in lower demand for both sellers, the increase in equilibrium prices
ultimately increases the platform’s total revenue.

Although closed-form expressions for equilibrium prices in both periods can be derived, the complicated
nature of these closed-form expressions makes direct comparisons of sellers’ profits and consumer surplus
across regions intractable. To address this, we provide a graphical comparison of profits and consumer surplus

in Figure[7)( for oy, = 0.65).
Since the platform’s preferences have already been discussed, we now restrict attention to the effects of

different regions on the profits of sellers A and B, as well as consumer surplus:

e Seller A’s preference: As shown in Figure[7|b), seller A’s preferences are generally aligned with those
of the platform. This is intuitive: the platform shares demand information exclusively with seller A, which
benefits her in two ways. During the first period, seller A can sustain higher prices, and at the start of the
second period, she always has access to the true demand state, whereas seller B may not. This ensures that

seller A maintains a competitive advantage over seller B in the second period. Indeed, our numerical analysis
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Figure 7  Payoff comparison in the full equilibrium for the platform, each seller, and consumer surplus,
as a function of the demand spread ay (horizontal axis) and the substitution intensity v
(vertical axis) (In each panel, dark shading marks where the corresponding party is best off under

J=A, medium shading under J =AB, and light shading under J = ().

Y i
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confirms that seller A prefers regime A over regime AB in region R, since under regime AB the true demand
information is shared with both sellers, while under regime A it is available only to seller A. Thus, seller A
preserves a competitive edge in regime A, making it more favorable than regime AB in region R;.

e Seller B’s preference: Figure [7{c) reveals a more surprising result: within a subregion of R,, seller B
also prefers regime A over regime (). Although regime A puts seller B at a competitive disadvantage in the
second period - since seller A holds exclusive access to the demand state - seller B nonetheless gains in the
first period. The reason is that seller A’s signal-jamming behavior increases not only her own equilibrium
price but also that of seller B. The resulting increase in seller B’s first-period revenue can outweigh the loss
from reduced learning in the second period. In summary, seller B prefers regime AB over regime A only
when both the signal-to-noise ratio (SNR) and the degree of competition are very low - corresponding to
region R; and the left portion of region R, (i.e., lower o and lower 7). In contrast, she prefers regime A
when competition is more intense and the SNR is relatively low - corresponding to the right portion of region
R;. This right-hand side of region R, is precisely where the signal-jamming effect is strongest, leaving seller
B worse off in relative terms in the second period, yet still benefiting her due to higher equilibrium prices in
the first period.

o Consumer surplus: Figure Ekd) shows that the consumer surplus is maximized under regime () even after
we add regime A into the consideration set. The rationale behind this is due to the effect of information-sharing
regimes on equilibrium prices, as characterized in Proposition EI Among all regimes, regime () yields the
most favorable prices from the consumers’ perspective. Intuitively, when both sellers must rely solely on their
own sales to update beliefs, they bring their prices closer together to improve demand learning. This basically
implies that seller B increases her price, while seller A decreases her price. Although the increase in seller

B’s price reduces consumer surplus, the decrease in seller A’s price generates a larger positive effect, since
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seller A serves a larger market. As a result, the net impact is an overall improvement in consumer surplus
under regime (.

We conclude this section by noting that the information-sharing regimes characterized here are also
consistent with practices observed in digital markets. To illustrate how such regimes may appear in practice,
consider a platform (such as Amazon.com or Google.com) that simultaneously operates as a gatekeeper and
competes as a seller on its own platform. While the EU’s Digital Markets Act (DMA) (Commission|2025,
Cabral et al [[2021) takes a strict stance toward such dual-role platforms, these arrangements can readily arise
under more permissive regulatory frameworks, such as those adopted in the United States. Moreover, in
the United States, platforms commonly allow sellers to opt into analytics services that process seller-level
data and generate insights that may be informative to competing sellers. For example, Amazon offers opt-in
analytics tools (e.g., Brand Analytics (Amazon|2025)) that use seller-level sales data to produce pricing,
demand, or inventory recommendations, and platforms may also provide insights derived from aggregated
activity across many sellers, such as market-basket analyses identifying products that are frequently purchased
together.

The contrast between the US and EU regulatory approaches maps directly onto our equilibrium analysis,
and our model helps clarify precisely what is at stake in choosing between them. The two jurisdictions
embody fundamentally different philosophies. The EU relies on an ex-ante rule: under the DMA, designated
gatekeepers must grant business users continuous, real-time, and non-discriminatory access to the data
they generate, and are prohibited from using non-public business-user data to compete against those users
(Commission|2025| (Cabral et al.[2021). In the context of our model, this rule effectively forces a symmetric
information regime—either J = AB or J = ()—and forecloses the asymmetric regime J = A, in which the
platform shares demand information with the larger seller only. The US, by contrast, relies on ex-post antitrust
enforcement: asymmetric data practices are permitted to emerge and are challenged only after specific conduct

is shown to harm competition.
6. Robustness Check of Analytical Results

While §5|analytically established the impact of competitive demand exploration-exploitation on pricing
strategies and payoffs, the results were obtained under the following assumptions required for tractability:
(i) ca = cp =0, i.e., the marginal cost is homogeneous and zero for both sellers, (if) @, (0) + az(0) =1 for
0 c {L,H}, i.e., the total market size under both demand states is normalized to be equal to 1, (iii) the noise
in demand for both periods is distributed uniformly between O and 1, i.e., €, ~ U[0, 1], and (iv) €; and €,
are independent. It turns out that relaxing any of these assumptions makes it challenging to characterize
equilibrium decisions and, more importantly, to analytically establish the effects of different CIS arrangements.
Delegating the details in EC.3, in this section, we numerically investigate whether or not the managerial

insights presented in §4|and §5|remain valid if we relax the above assumptions. While our numerical study
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can validate the robustness of all our results, below we focus on the main insights about how heterogeneous

marginal costs and state-dependent total demand affect the platform’s incentive to provide CIS.
6.1. Heterogeneous Marginal Costs

In this section, we use the same model framework as in §3|and consider the case where the marginal costs
for sellers are heterogeneous. It is reasonable to assume that ¢4 > ¢, since seller A’s market share is larger
than seller B’s market share for both demand states. For expositional brevity, we set ¢, =c >0 and ¢ =0.
By varying the value of ¢, we focus on the impact of ¢ on the equilibrium regions. Specifically, we consider
three cases: the baseline model (¢ = 0), a medium cost (¢ = 0.05), and a high cost (¢ =0.1). We pick these
values because when c exceeds 0.1, seller A finds it unprofitable to remain in the market, which leads to a

monopolistic outcome for seller B and thus trivial results for our model. The results are presented in Figure S}

Figure 8 Comparison of the equilibrium information regimes with various seller A’s marginal cost ¢ (seller B’s cost

is normalized to 0). As c increases, the J* = AB region expands.
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Recall that in §|7_l| and §5| we show that under both regime J = () and regime J = A, sellers narrow the
first-period price gap in order to increase the probability of learning. This implies that seller A must decrease
her first-period price, while seller B must increase her price. However, when seller A faces a positive marginal
cost, her ability to reduce the price in pursuit of learning is limited. Consequently, both regimes J = () and
J = A become more costly for the platform. As illustrated in Figure 8] our numerical results demonstrate that
as marginal cost c for seller A increases, regime AB becomes relatively more advantageous for the platform

compared to both regime J = () and regime J = A.
6.2. State-dependent Total Demand

In the baseline model, we normalized the total demand under both demand states to be equal to 1. In this
section, we relax this assumption. That is, for the high-demand state, we still normalize the total market
size to 1, but for low demand state, we normalize it to be equal to ¢, where ¢ € (0, 1]. Similar to §6.1] we

only focus on the impact of ¢ on the comparison between equilibrium information-sharing regimes. We
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consider three values for (: low ( (i.e., ( =0.6), medium ( (i.e., ( =0.8) and high ( (i.e., ( = 1). The results

are presented in Figure 9]

Figure 9 Equilibrium information regimes when low-state market size is scaled by ¢ € (0,1]. As ( decreases,
demand variation across states demand grows, and the J* =) region emerges due to price collusion

enabling self-exploration.
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Unlike in §6.1] the state-dependent aggregate demand extension changes the possible learning cases.
When each seller self-explores the demand state by observing only their own sales, it is possible that seller
A learns the true demand state while seller B does not. Moreover, by setting a price sufficiently far from
the competitor’s, seller A can ensure that she always learns the true demand state, regardless of demand
realization, whereas seller B cannot.

This new possibility has two implications. First, unlike in §4.2] seller A no longer needs the platform’s
demand information to engage in signal-jamming against seller B in the first period. Second, this dynamic
leads to price collusion, which raises the average equilibrium price in the first period. Consequently, regime
J = () emerges as the equilibrium in Figure@ since it is preferred from the platform’s perspective. However, as
oy increases, sustaining signal-jamming under regime J = () becomes harder: the growing price gap between
sellers A and B makes the signal-jamming region increasingly small. Hence, for higher values of ay, the

platform prefers to intervene and implement regime J = A.
6.3. Non-uniform and correlated noise distributions

In the baseline model, we assumed that the demand shocks €, follow independent uniform distributions on
[0, 1]. To assess the robustness of our findings, we relax this assumption along two dimensions and summarize
our key findings below.

Non-uniform noise. We first allow €, ~ Beta(«, 3), which nests the uniform case (o« = 3 = 1) and accom-
modates right-skewed, left-skewed, and more concentrated symmetric shapes. The equilibrium regions remain
qualitatively consistent with the baseline. When the distribution becomes more concentrated around its mean
(e.g., a = §=15), demand uncertainty diminishes and the region in which both sellers share information

(regime AB) shrinks. Skewness shifts the mean of ¢,: a right-skewed distribution reduces effective demand
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noise and further contracts regime AB, whereas a left-skewed distribution amplifies it and expands regime
AB. A new feature emerges in the left-skewed case: because the distribution is also more concentrated than
the uniform, sellers can sometimes infer the demand state from their realized sales even absent information
sharing, making regime () an equilibrium when o is moderate and 7 is relatively low.

Correlated noise. We next allow €4 and €5 to be correlated via a truncated bivariate normal distribution
with correlation p € [—1, 1]. The baseline (uniform, independent) case corresponds to a benchmark of strong
positive correlation (p = 0.9); we additionally examine p € {—0.5,0,0.5}. As correlation weakens, the signals
observed by the two sellers diverge, producing asymmetric learning outcomes in which only one seller
learns the true demand state. The resulting signal-jamming behavior cuts in opposite directions: seller A’s
signal-jamming raises prices and benefits the platform, while seller B’s signal-jamming depresses prices
and harms it. In the upper-right portion of the parameter space (high ay and 7), the platform benefits on
average from seller A’s signal-jamming, so regime () emerges as the equilibrium. As « decreases, seller B’s
signal-jamming becomes too costly and the platform intervenes by sharing information with seller A.

To summarize, these extensions confirm that the main qualitative insights of our baseline analysis are robust

to richer distributional assumptions. We refer the reader to EC.4 for the detailed analysis and discussion.
7. Conclusion

Inarguably, the exponential growth in online marketplaces will attract not only more consumers but also
more sellers, creating a win-win scenario for all stakeholders. In this paper, we focus on the Competitive
Intelligence Services (CIS) that a platform can offer to its sellers. These services leverage the platform’s
ability to learn about the unknown price-demand relationship faster than the sellers themselves. We examine
the demand exploration-exploitation trade-off faced by two sellers, competing over two periods, with varying
market shares on an online platform. Each seller updates their estimate for the price-demand relationship
based on individual sales observations. However, by observing the sales of both sellers, the platform excels
at exploring demand, turning this demand information into valuable competitive business intelligence. As
a result, the platform can mediate the demand exploration of the sellers in the first period by influencing
their decision to subscribe or not to subscribe to CIS. We analytically establish the specific conditions
that determine the optimal approach to demand exploration and the optimal CIS arrangement in online
marketplaces. First, we characterize whether the platform should induce sellers to subscribe to CIS or not.
Second, if the platform undertakes demand exploration, should it induce both sellers to subscribe to CIS, or
just one of them? Finally, if the platform induces only one of the sellers to subscribe, which one should it be?

To address these research questions, we characterize closed-form expressions for the associated equilibrium
prices and payoffs for the platform and the two sellers under all demand-exploration scenarios. From the

platform’s perspective, our analysis suggests that by offering CIS to one or both sellers, the platform alters
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the nature of pricing decisions in the second period. More importantly, it also changes the nature of self-
exploration and, consequently, the equilibrium pricing decisions in the first period. This transformation may
have either a beneficial or a detrimental impact on the profitability of both the sellers and the platform.

We also establish that the signal-to-noise ratio (SNR) of the random demand faced by the sellers is a key
factor in determining the optimal CIS subscription strategy in a competitive environment. Specifically, it
is optimal for the platform to offer CIS to both sellers when the SNR is low. This is because a low SNR
makes self-exploration difficult for each seller in the first period. Consequently, the poor knowledge of the
price-demand relationship in the second period leads to lower payofts for both the sellers and the platform.
This result appears to be rather robust and remains valid under general assumptions about the degree of
demand substitution between sellers and heterogeneity in their marginal costs. In fact, as the degree of
demand substitution and heterogeneity in their marginal costs increase, the provision of CIS by the platform
becomes even more critical. Finally, when the SNR is high, the identity of the seller who subscribes to the
CIS determines the level of price competition during the first period. Our results indicate that inducing CIS
subscription solely for the smaller seller is not incentive-compatible. However, the larger seller benefits when
she receives the demand information. Surprisingly, our analysis shows that the smaller seller, as well as the
platform, also gain an advantage when the demand information is shared with the opponent. This is due to
price collusion triggered by the signal-jamming behavior of the larger seller. Our robustness check confirms
that the larger seller engages in signal-jamming even if demand exploration is pursued independently by each
seller.

Last but not least, our results highlight the inherent trade-offs faced by policymakers when regulating data
sharing in digital markets. Highly restrictive regimes may limit platforms’ ability to leverage data-driven
efficiencies, potentially slowing market expansion, whereas overly permissive approaches risk facilitating
anti-competitive behavior and disadvantaging smaller sellers and consumers. This trade-off is precisely the
one that distinguishes the EU’s ex-ante DMA mandate from the US’s ex-post antitrust approach. Our analysis
shows that the two philosophies coincide when the signal-to-noise ratio of demand is either low or high,
and diverge only in the intermediate range, where the asymmetric regime J = A raises producer surplus
at the expense of consumers. Our analysis suggests that carefully designed information-sharing rules are
essential for the healthy development of digital markets. Along these lines, several important design issues
remain open for future research. First, while many regulatory frameworks allow information to be shared in
aggregated form, an open question concerns how such aggregation should be designed. Our model focuses
on market size as the relevant information dimension, but in practice platforms may share more granular
information, such as clickstream data capturing product views, add-to-cart actions, and purchases. Second,
another important question is whether information-sharing regimes should be implemented on an opt-in or
opt-out basis. Studying these design choices would help inform emerging regulatory frameworks that aim to

account for the perspectives of multiple stakeholders. We leave these issues for future research.
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E-Companion for the Impact of CIS on Online Marketplaces
EC.1. Notations and Demand Model

The list of notations used in the paper and electronic companion is provided in Table[EC.1.1]
Table EC.1.1 List of notations

Parameters and Random Variables

€¢; Random noise in period ¢ € {1,2} which is uniformly distributed between 0 and 1
0 True demand state, where 6 € {H, L}
6 A-priori belief of platform and sellers on demand state
0o Posterior belief of platform on demand state after observing the first-period sales
0; Posterior belief of seller i on demand state after observing the first-period sales
«a;(0) Market size of seller i under demand state 6
@; A-priori average demand for seller i, o; = M
v Demand substitution coefficient between seller A and seller B
[ Commission rate collected by the platform per unit sold
J  CIS subscription regime between platform and sellers, where J € {AB,A, B, ()}
J=AB Platform provides CIS to both sellers
J=0 Platform does not provide CIS
J =1 Platform provides CIS to seller i only, where i € {A, B}
J= Platform centrally sets sellers’ prices in each period (first-best solution)
d;; Demand of seller i in period ¢, where i € {A,B} and t € {1,2}
7rjc|i Channel profit generated by seller i under J-type information sharing arrangement
Payoft of seller i in period ¢ under J-type information sharing arrangement
m; Total payoft of seller i under J-type information sharing arrangement
mo, Payoff of platform in period ¢ under J-type information sharing arrangement
Consumer Surplus from seller 7 in period ¢ under J-type information sharing arrangement
CS/ Total Consumer Surplus in period ¢ under J-type information sharing arrangement
¢S’ Total Consumer Surplus under J-type information sharing arrangement

Decision variables

¢ CIS subscription fee
v; Seller-i subscription decision y; € {0,1}
piy Price set by seller i in period ¢, where i € {A,B} and ¢ € {1,2}
P{ = (p{l , piz) represents the price trajectory of seller i over two periods

Also, the demand model is introduced in this section. Demand in period 7 € {1,2} is
da(paPBs) = aa(0) —pas+2ve(pBr — Pas) (EC.1.1)
dp(paPps) = ap(0) —pps+2vepas — PB1) (EC.1.2)
To simplify the notation, we assume that the total market size is normalized and equal to one under both demand
states. Accordingly, we use a4(0) = ag and ag(0) =1 — ag. We assume 6 = H with probability % or 6 = L with the
same probability % and that % < ay, < ag < 1. We assume that the random noise over the two periods, i.e., €] and €)
are independent and both are uniformly distributed over [0, 1]. By taking the expectation of the demand function with

respect to €, and collecting terms in p4 ; and pp;, we obtain the following linear form for the mean demand functions:

1A PAHPBY) = 0 — (1 +7)pas+PBs (EC.1.3)
1B(PA-PBr) = ap — (1 +7)pBs +7PAs (EC.1.4)
where a4 = 23L and ap = Z_O‘H%
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EC.2. Proofs of all Propositions
EC.2.1. Proposition 1

In this section we analyze the first-best scenario, where the platform centrally sets prices. We begin by analyzing the
demand model and then optimizing the profit. Since the platform is able to set prices, she will optimize in her own favor.
Proof of Proposition 1: After the first period, platform has observed both sellers’ sales and can identify the true

state of demand 6 and €| by solving Equations (EC.1.1)) and (EC.1.2)) simultaneously. In other words, the platform

will be informed about the true demand state at the end of the first period, regardless of the first period price decisions.

Platform’s objective function is to maximize its total profit over the two periods as follows:

Plf?i;(bwoﬁz (bebe)

it —i i€{A,B}

where,
71J(Cbli (P{b’ ) Eg -€t Z (pg,b’pf—bi,t) p)l(bt] :

In the above objective function, since the platform will definitely learn the demand state at the end of the first period, it

will set prices based on the exact demand model in the second period. Therefore, to solve this optimization we can use
backward induction and start from the last period.
In the second period, the platform will be choosing the prices to maximize its second period profit, where they will

be state dependent, i.e., 70 2(Pa2,PB210) = pa2(cg —pap + V(B2 —Pa2)) +Pp2(l — g —pp2 +v(Pa2 —pp2))- It

Pmoa <0 mos <0, and (3 Toa2 Pmos [ *mon

is straightforward to show that }2) > 0. So, we can use first order

op3, > ps, h, " Ophs Opa20pB2
.. . . Omo2 87r0,2 _
condition to find optimal prices from [ Tpas’ Tpaa } =10,0] as
ag+y 1 —ag+7y
=———, and =7
P 2(1+27) e 2(1+27)

Note that the average price is pfzgpgz =pP= % and the price difference is pgb’ 5= p’% 22(61“ +5,y1) ZA}g > 0.

Now to find the first period prices, platform needs to optimize its profit using the mean demand function since it does

not have access to the demand information in the first period. Note that using backward induction logic, second period
profits will be constant values in total profit at the beginning of the planning horizon. Therefore, the platform faces the

following problem:

T0,1(PA1:PB,1) =Pa1(0A —pa,1 +Y(PB,1 —Pa1) +PB1(0p —pB1 +7(Pa,1 — PB,1)), Where the expectation is taken

2 2
with respect to both € and 0. It is straightforward to show that Pmor <, Fmor 0, and Doy Doy _ [ Omo. ]2 >

ops | > Opg, ) f“ 817%,1 Opa,10pa.1
0. So, we can use first order condition to find optimal prices from {gﬂ" L g;[‘: 11} =[0,0] as
b _OéH+OéL+2’}/ d pﬂ, _Z—OzH—OéL+2’y
AT 41 +2y) Bl 4(1+27)
. + . . . _
Note that the average price is M =p? = % and the price difference is pg” 1~ ; 1= % =

2y agtar—1 ag—ap _
1+2y ag—ay 4~ ZZfbA>O
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EC.2.2. Proposition 2

In this section we provide the proof for the characterization of equilibrium under regime J = AB, where information

is shared with both sellers. Before proving Proposition 2, we introduce Lemma 1.

Lemma 1: Before deriving equilibrium prices, we characterize the second-period pricing game between the sellers
given their posterior beliefs 84 and 8. To simplify the flow of the analysis we drop the time index in this part, because
this subsection focuses on second-period prices. Therefore, p denotes seller i’s second period price and p_; represents
the other seller’s second period price.

Proof of Lemma 1: For the most general case we let @; » = Eg,[;(8;)] and let p; denote the posterior probability
that seller i believes that seller —i learns the true state of demand. Accordingly, if seller i identifies the true state of the

demand, then the they can find the optimal second period price as:
pi(0) = argmax () =argmax . p [%(0) —(+7p+y (p,‘p_i(b") +(1 - p,‘)p—i@))}

and if seller i cannot identify the true state of the demand, then we have
pi(®) =argmax (@) =argmax  p a2 — (1+7)p+7 (ol [op—i ) + (1 = pp—i(L)] + (1 = p)p—i®)) |

Note that all profit functions are concave and solving for the first order conditions simultaneously gives us the following

general expressions:

V@i — ai(6)]

2+3N4+8y+72(4 - plp’_)]

2y(I+la_jp —a_i(0)]
Q2+37)[4+8y+72(4 — pip’ )]

291+ (@ip — (@) + 2(1 +y)(a_jp — a_i(0)]

+ (1—ph(1—p_; 3 :

O ) G a3 + 87 +72( — ol )]

2y +(@p+a_jp—1)
Q43[4 +8y+72(4 = pip’ )]

(1 +y) @i +a_ip— 1)

C+7Q+3N[4+8y+~2(4 — pip' )]

7+ @2 +7)ai(0)
C+M2+3y)

pin(0) = +pi(1—p"p)

+ (1= ppp’;

Y+ +7)an
2+M2+3y)

pin(0) = +(1—pp’;

+ A —=pha—p")

Proof of Proposition 2: We first characterize the equilibrium prices under J = AB, and then analyze the subscription fee

and consumer surplus.

Equilibrium Prices: After the first period and when sales have been realized, platform can identify the true state of
demand 6 and € by solving Eq. and Eq. simultaneously. In other words, the platform will be informed
about the true demand state at the end of the first period, and since we are in regime J = AB, information will be shared
with sellers too.

Both sellers want to maximize their total profit. Because both of them have access to information in the second period,
they will set prices based on exact demand function in that period. Therefore, we can use backward induction logic to

find the optimal prices.
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In the second period, sellers will choose prices to maximize their profit, which will be state dependent, 84 =85 =6
and p/, = ply =1 as given in §EC.2.2| Through a similar analysis as in §EC.2.1} we derive the second period prices as
follows:

5 _7HQEDUO) a1+ C+)ap(®)
PA2= "2 +3y) PB2= " 243y

Now in the first period, sellers do not know the demand state and hence, they will use mean demand function. Using

(EC.2.1)

backward induction, second period profits will be constant values in total profit at the beginning of the planning horizon.
Therefore, they face the following problem in the first period: 74 1(pa,1,PB,1) =Pa1(@4 —Pa.1 +7(PB1 —Pa,1)) and
7B.1(PA1-PB.1) =PB1(0B — PB.1 +7(Pa1 — PB,1))- It is straightforward to show that equilibrium prices can be found

., 87TA,1 871'3,1 _
from first order conditions { Dpa1” s } =10,0] as

B2 FCENapra) a4+ —QHy)antar)
AT 22+ 2+3y) B.1 22 +7)(2+37)

Note that we can rewrite the above expression as:

B =B BA and  pif = B,

(EC.2.2)

2 ! _ o ap P
where pA8 = 2(2 5 % ZAB (21(3%’;’&? aL))’ and A = O‘HTO‘L Therefore, the average price is pi8 = 415751 = 2(217)

and the price difference is pﬁ pAB O‘H;‘_OQLW L= ZZI‘L}B A>0.

Designing subscription fee: According to the sequence of events (Figure 1 in the paper), the platform decides on the
subscription fee ¢ to induce a specific subscription regime J € {AB,A, B, ()} on the sellers. Moreover, from Eq. (1) in the
paper, the payoff of seller i can be written as m; (PJ Pl ) =(1- ﬁ)ﬂ"él ; (PIJ P l.) — yi¢, where PLJ represents the price

trajectory of seller i over two periods; i.e., Pl] = (pl. 1°P; 2). For ease of explanation, given the subscription decisions

(v4.yB). we show sellers’ profits in the following Table[EC.2.1]

Table EC.2.1 Seller’s profits under different subscription regimes

ya=0 ya=1
J=0 J=A
W0 ()=t () ) = () s
wh (PP ) =1 = Byrdy, (P PS w5 (P3.Py) = (1 — B)miyg (P, P4)
J=B J=AB
yp=1 4 (PA.P) = (1= Bymey (PP} w2 (PAP.P°) = (1 = Bymciy (Pa.P") — &
o (PhPR) 20— bty (PhPA) 0 A2 (PRP.PAP) = el (A P1%) —

In what follows, we characterize the optimal level of subscription fee that the platform needs to post to induce
subscription regime J = AB. From Table[EC.2.1] the platform can induce both sellers to subscribe to CIS by satisfying
two incentive compatibility constraints.

First, given seller A subscribes to CIS, seller B has no incentive not to subscribe to CIS:
(1= Bl (PR PAP) — 642 > (1 — Byl (PR.PY)

Or, equivalently

BB =(1- ket ( BB’P£B> — B (Pg’Pﬁ) ] (EC.2.3)
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where SgB is the slack variable to transfer the inequality to equality, and the optimal value of prices P?B = (p‘l“{3 , p’f‘f )
and P‘l‘1 = (p‘i‘}1 , p‘éz) are characterized in §|EC.2.2| and §IEC.2.8|, respectively. Note that, the right-hand side of Eq. (EC.2.3)

represents the additional profit the channel gains from seller B subscribing to the CIS service. Meanwhile, the left-hand

side illustrates the distribution of this surplus: the seller B’s share, SgB , and the platform’s share, ¢.

Second, given seller B subscribes to CIS, seller A has no incentive not to subscribe to CIS:

(= pyrdhy (PA% PEP) — "% = (1 = Bymyy (PR.PE)
Or, equivalently
#4517 = (1 [, (PP PAP) B (PPE)] 2
with optimal prices P? = (pf.?1 , pfz) under regime J = B.

Figure EC.2.1 Feasibility condition to induce subscription regime J=AB (y=1, ay =0.6)

From Figure one can verify that both incentive compatibility constraints (EC.2.3) and (EC.2.4) are met
(i.e., the right-hand side of constraints and are both positive) only if ay € [aL,aéIB ], where aﬁB
is the solution of constraint under binding condition. Moreover, for a given ¢AB , one can show that the
right-hand-side of Eq. (EC.2.3) is less than the right-hand-side of Eq. (EC.2:4). It means that any subscription fee
#MBelo,(1-7) [ﬂ’él% (P‘gB ,PﬁB ) — Wél B (Pg,Pg) ]) can induce both sellers to subscribe to CIS. However, given the

platform objective function that maximizes the subscription fee, the optimal solution is as follows:
B = (1= ) [ (PAB.PAP) — by (PR PA)
47 = (1 - 5y (df, (P, PAP) — By (PR.PB)) = (mbly (PAP.PAP) — ey (P PA))]

Consumer Surplus: We now compute the consumer surplus under regime J = AB. To do this, we consider each period
separately.
In the first period, consumer surplus is the expected surplus generated by each seller’s demand across possible demand

states. For each demand state and seller, it is calculated as follows:

CSAB ) = “o dq — p; 1d;:
i1 (0)= A Pii(@)dg — p;1d;
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_di(@i0)+p = (L +7)pj)
- 2(1+7)

()’

20147
where (d} 1(0))2 is derived with optimal first period prices (pﬁBl, prl) characterized in Eq. (EC.2.2). Therefore, aggre-

gating across sellers, for the first period consumer surplus under regime J = AB we have:

CsiP =Eg | Y csifo)
ic{A,B}
1y H)? @i )1 (dg,1<H>)2+<d§,1<L>>2

2° 21+ 2(1+7y) 2° 21+ 2(1+7)

~v*(10a; — 16agay, — 2ay +10ai — 2az, + 10)+

V3 (54az; — 84agay, — 12ay + 54ai — 12ag, +36)+

72 (101a3; — 150agay, — 26ay + 101a7 — 26az, + 50)+
~v(76a3, — 104agay, — 24ay +76a; — 24ay, +32)+

(2043, — 24ayar, — 8ay +20a; — 8ay, +8)
4(v+D(v+2)2 By +2)?

Since CS‘;‘B is derived based on the optimal prices with mean demand function, we will refer to it as CSyeqn-
Similarly for the second period, consumer surplus will be acquired with optimal second period prices with true
demand states derived in Eq. (EC.2.T). Aggregating across sellers, for the second period consumer surplus under regime

J = AB we have:

CsyP =Eg | > csHo
i€{A,B}
L @D i) 1 () (dp, ()
C202(1+y) 21+ T2 21+ 2(1+7)
(1+~) [(a%,+a%—aH—aL+5)72 + 4@ +at —ag—a+2)y + 4@ +a? —ay —ap+1)
B 2(7+2)2 3y +2)?
(1+fy){(a%l+a%—aH—aL+1)(2+7)2+47(1+7)
- 2(7+2)2(37+2)?

Since CS?B is derived based on optimal prices with exact demand function, we will refer to it as CSexqc;- Hence, total

consumer surplus under regime J = AB is

Cs*8 = 518 + S48 = CSpmean + CSexacr-
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EC.2.3. Proposition 3

Suppose now that the platform does not share information with sellers, so each seller observes only her own sales.
We study how first-period decisions affect sellers’ second-period information states.

Proof of Proposition 3: For expositional brevity, we drop the time index and use (p4, pg) be the first period prices of

seller A and seller B, respectively. There will be no need to use the second period prices for belief updating. We analyze
the belief updating for each seller separately.
Belief updating by seller A: Let S4 be the sales observed by seller A at the end of the first period. seller A knows that
her sales is coming from ay — pa +2v€1(pg — pa) or o, —pa +2v€1(pp — p4) but does not know which one. However,
in some situations seller A can deduce the real value of o and €;. When seller A only observes its own sales, there are
three possibilities: seller A identifies @ = H, seller A identifies @ = L, seller A cannot identify 8. In what follows, we
derive the probability of each outcome.

The main logic to derive the probability of learning is that S4 can be compared against two thresholds: the highest
possible sale under the Low state and the lowest possible sale under the High state. Note that since oy > oy, then
with the same value for €, seller A’s sale under High demand state is higher than her sale under Low demand state.
Depending on how the realized first-period demand compares against the two thresholds, we can identify three cases:

e If realized demand lies above the Low-state maximum, the state must be High.

e If realized demand lies below the High-state minimum, the state must be Low.

o If realized demand falls between the two thresholds, the seller cannot identify the state, since the value of € is
unknown.

Using these cases, we derive the probability of correctly identifying the true state for seller A. Because the sign of
(pB — pa) will affect the realized sale, we will break down our analysis into two cases as follows.

Case I (pp < p,): Figure facilitates our discussion for the case where pp < p4. We derive the probability of
each state @ = H, @ =L, and @ = 0 in the following.

Case I.A (True demand state @ = H): 1If the true demand state is high, then seller A can identify this if her sales Sy is
sufficiently high. In other words, seller A can identify that S4 is coming through the High demand state, if the realized
sale is higher than her highest possible sale in Low demand state. In this case, since pg — ps < 0 the highest possible

sale in Low demand state for seller A happens at €; =0 and is equal to a;, — p4. We can write this statement as follows:
Pr(0y=H|0 =H)=Pr(Sq > o —pa|0 =H)

= Pr(ag —pa +2v€1(pp —pa) 2> ar —pa)

ag— o
=Prie) < s —/——
2v(pa —pB)
=Pr(e; <
PA —PB
N
pA—DPB

On the other hand, if the true demand state is High, seller A can never mistakenly infer the state to be Low. This is
because if seller A wants to learn the Low demand state, the realized sale must be lower than the lowest possible sale in

High state, which is impossible. Therefore, we can show that

Pr6s=L6=H)=0
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Finally, the probability of remaining uninformed is

2A

Pr(0,=00=H)=1—Pr(0,=H@=H)—Pr(0,=LI0=H)=1— )
PA —DB

Case I.B (True demand state @ = L): By a similar argument, if the true demand state is Low, seller A can identify this
if S4 is sufficiently low. In other words, seller A can identify that S4 is coming through the Low demand state, if the
realized sale is lower than the lowest possible sale in High demand state. In this case, since pg — pg < 0 the lowest
possible sale in High demand state for seller A happens at €; = 1, and is equal ay — pa +2v(pp — pa). We can write

this statement as follows:

Pr(@s=L|0=L)=Pr(Sy < oy — pa+27(pp —pa)|0=L)

=Pr(arp —pa+2v€1(pg — pa) < ag —pa +2v(pp — pa))

ag — oy,
=Pr(l - ——— <€)
2v(pa —pB)
=Pr(l - <e1)
PA —PB
A
PA—PB’

Again, if the true demand state is Low, seller A can never mistakenly infer the state to be High. This is because if
seller A wants to learn the High demand state, the realized sale must be higher than the highest possible sale in Low

state, which is impossible. Therefore, we can show that Pr(f4 = HIf = L) = 0. Hence, the probability of remaining

2A y=1-— 2A
PA—PB pA—pB’

uninformed is again Pr(6y = 6|0 =L)=Pr(e; <1 —

Figure EC.2.2 Possible demand realizations for seller A for pp < p4.
das = ay —pa+2y(pe — pa) day = ay —pa

e=0

@
Ay — ag

1 <— -
2y(pa —ps)

€ €1

6=H
dg = ag—pa+ 261y(pp — Pa)

I
I
I
I
I
I
I
I
I
!
|
; 6=1L
ayg — ap
e=1 ! 2y(pa — pB) €=0
L &8

da1 =ay—pa+2y(p—pa) da1= aL—pa

Finally, to complete the proof, when seller A cannot learn the demand state and stays uninformed, her posterior beliefs

remain % on both states. First, by applying Bayes’ rule:

Pr(84=6)=Pr(0 =L)Pr(6,=0|0 =L)+ Pr(6 =H)Pr(0, =6|0 = H)
1 2A 2A
=—(1-—
2

PA—PB PA—PB
2A

PA—PB

1
)+ 51—

=1
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and accordingly, Pr(64 = 0) = pAz—ApB’ Then, by substituting this back to Bayes’ rule yields the posterior probability:
o Pr(@=Hand0,=9
Pr(O=HIO, =8)= " and 04 =6)
PF(OA = 0)
| 2A
— 7(1 _Pa —PB)
T _2A
PA—PB

and similarly, Pr(6 = LIf4 = 0) = %

Case II (pg > p4): Figure[EC.2.3|facilitates our discussion for the case where pg > p4. We derive the probability of
each state @ = H, @ = L, and 6 = @ in the following. The analysis in this case is similar to Case I. The only difference is
that because pp — ps > 0, the highest possible sale at Low demand state will happen at €; = 1, and will be equal to
ar, —pa +2v(pp — pa). and the lowest possible sale at High demand state will happen at €| =0, and will be equal to
QH —PA-

Case 11.A (True demand state @ = H): If the true demand state is High, then seller A can identify this if her sales Sy is
sufficiently high. In other words, seller A can identify that S4 is coming through the High demand state, if the realized

sale is higher than her highest possible sale in Low demand state, i.e.,

Pr(0=H|0 =H)=Pr(Sy > o, — pa +27(pg — pa)|0 = H)

=Pr(l - <€)
PB —PA
_2A
PB—DA
: —_nlp — _ 2A _ 2A
Accordingly, Pr(0, = 6|0 = H) = Pr(e; <1— ) = e

Case I1.B (True demand state @ = L): If the true demand state is Low, then seller A can identify this if her sales S4 is

sufficiently low, i.e.,

Pr(0y=L|0=L)=Pr(Sx < ay —pa|@=L)

=Pr(e; <
PB— DA
_2A
PB—DPA
Accordingly, Pr(6, = 0|0 = L) = Pr( szﬁ‘pA <e)=1- pBZ_ApA .

Figure EC.2.3 Possible demand realizations for seller A for pg > py.

dp1 = ay—pa da1 = ag —pa+ 2y(ps —pa)
ay —a _
€ 0 €1 = 1 - ——— e=1
! 2y(ps — Pa)

dg =ag —pa+ 2617(pp — Pa)

0=1L

ay —ag

6 < —i—t

€=0 1= 2y(pp —pa)

} 0=H

|
|
|
|
|
|
|
|
|
I
I
I
I
I
I
|
e=1
o

das = a,—pa da1 = aL—pa+2y(pe—pa)
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Finally, to complete the proof, when seller A cannot learn the demand state and stays uninformed, her posterior beliefs

remain % on both states. First, by applying Bayes’ rule:

Pr(04=6)=Pr(0 =L)Pr(6y =0|0 =L)+ Pr(6 =H)Pr(0, = 6|0 = H)

1 2A 1 2A
==(1- )+ 51—
2 pB—pa 2 PB—PA
2A
=1-
PB —PA
and accordingly, Pr(64 =0) = sz_ApA . Then, by substituting this back to Bayes’ rule yields the posterior probability:
— Pr(0=Hand0,=6
Pr(O=HIO, =8)= " and 04 =0)
PF(BA = 9)
1 2A
_ 21— PB_PA)
T _2A
PB—PA
1
T2
And similarly, Pr(@ = LI0, = 0) = 1 n other words, if seller A cannot identify the true demand state 6, then the

posterior distribution is identical to the prior.

Belief updating by seller B: The same reasoning applies symmetrically to seller B, which in turn leads to identical
probabilities of correct learning and remaining uninformed. Since the total market available to seller B in High and
Low states are 1 — ag and 1 — oz, and o < ay, under the same scenario with other parameters and random variables,
seller B’s sale under Low demand state is higher than her sale under High demand state. Therefore, the two thresholds
that we need to compare sales with are highest possible sale under High demand state and lowest possible sale under
Low demand state. Since the sign of p4 — pp will affect the realized sales, we will break down our analysis into the
following two cases based on the sign of py — pp.

Case I (pp < ps): We derive the probability of each state @ = H, @ = L, and = @ in the following. Because pg —ps <0,
the highest possible sale at High demand state will happen at €; = 1, and will be equal to 1 — ay — pg +2v(pa — PB);

and the lowest possible sale at Low demand state will happen at €; =0, and will be equal to 1 — oy — pp.

Case LA (True demand state @ = H): 1f the true demand state is High, then seller B can identify this if her sales S is
sufficiently low. In other words, seller B can identify that S is coming through the High demand state, if the realized

sale is lower than her lowest possible sale in Low demand state, i.e.,

2A 2A
Pr(@g=H|0 =H)=Pr(Sg <1— oy —pp|@=H)=Pr(e; < )= )
PA—PB PA—DPB

H —0lp = — 2A N _ 2A
Accordingly, Pr(g = 0‘0 =H)=Pr(e; <1— PA_PB) =1- ipp
Case 1.B (True demand state @ = L): 1f the true demand state is Low, then seller B can identify this if her sales Sp is
significantly High, i.e.,
2A )= 2A
PA—PB" PA—DPB

Pr(@g=L|0=L)=Pr(Sp>1— oy —pp+27(pa—pp)|0@=L)=Pr(e; > 1 —

. P 2A
Accordingly, Pr(0p = 9“9 =L)=1- pA—DB"
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Case Il (pg > p4): We derive the probability of each state @ = H, @ = L, and 6 = 0 in the following. Because pg —ps > 0,
the highest possible sale at High demand state will happen at €; =0, and will be equal to 1 — agy — pp, and the lowest
possible sale under Low demand state will happen at €; = 1, and will be equal to 1| — oy — pg + 2v(ps — pB)-

Case IL.A (True demand state @ = H): 1f the true demand state is High, then seller B can identify this if her sales Sg is
sufficiently low. In other words, seller B can identify that S is coming through the High demand state, if the realized

sale is lower than her lowest possible sale in Low demand state, i.e.,

2A - 2A
PB—DPA  PB—DA

Pr(@g=H|0 =H)=Pr(Sg <1—ay —pp+27(pa —pp)|0 =H)=Pr(e; > 1—

: —Alp = _ 2A N _ 2A
Accordingly, Pr(0g = 0‘0 =H)=Pr(e; <1-— Ppa )=1- Pa—pa

Case II.B (True demand state @ = L): If the true demand state is Low, then seller B can identify this if her sales Sp is

significantly High, i.e.,

2A 2A
Pr@g=L|0=L)=Pr(Sp>1—ay —pg|0=L)=Pr(e; < )= .
PB —PA PB —PA

H —plp=71)= 2A _ 2A
Accordingly, Pr(g = 0}0 =L)= Pr(pB_pA <ep=1- Ppi-
Finally, to complete the proof, when seller B cannot learn the demand state and stays uninformed, her posterior beliefs

remain % on both states. By applying Bayes’ rule:

Pr(0p=0)=Pr(0=L)Pr(05=0|0=L)+ Pr(6 =H)Pr(0p =06 = H)

1 2A 1 2A
=5(- )+ 51— )
2° pp—pa’ 2 pp—pa
2A
=1—-
PB —PA
and accordingly, Pr(0g =0) = PB2*APA . Then, by substituting this back to Bayes’ rule yields the posterior probability:
—  Pr(@0=HandOp=0
Pr(0=HIOp=8)= " and b = 0)
PF(OB = 9)
1 2A
_ j(l B I’B—PA)
T _2A
PB—PA
_1
T2

And similarly, Pr(6 = LIfg = ) = 1. In other words, if seller B cannot identify the true demand state @, then the

posterior distribution is identical to the prior.

Posterior beliefs: In this section we first summarize the demand learning opportunities for sellers, then discuss about
the link between learning and normalized demand. Figure [EC.2.4] provides an illustration of the posterior distribution
for all possible realizations of « and € for the given first period prices (p4,pg). Based on the findings of the belief

updating analysis for sellers, we have two possibilities: either both sellers identify the true state of the demand at the
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same time or neither seller can identify the true state of the demand (and their posteriors are identical to their priors).

We can summarize the posterior beliefs as follows:

H ife; < 522 and@=H
Pa17PBy
ifpa>pp: Oi=<L ife>1— 5225 andO=L
B Py17Pp,
0 otherwise,
H ifelzlf%and0=H
Pa17PB
ifpa <pp: O;={L ife < 22— and@=L
B Pa17Pg,
6 otherwise,

Figure EC.2.4 Demand learning for each seller based on the possible demand realization.

None of the sellers learn 28 Both sellers learn Both sellers learn 24 None of the sellers learn
(i.e.,0,=05=10) 1_pB_pA (i.e., 0, = 05 = H) (i.e., 04, = 05 = H) Pa—Ps (i.e.,0, =65 =0)
— |
6 =H ‘\ €, 6=H T €1
0 1 0 1
None of the sellers learn
Both sellers learn 2A None of the sellers learn (e, = 0p = 6_) - 2A ‘Both sellfrs Ieirn
(i.e.,60=6p =1) P —DPa (i.e.,9A=9B=§) A B Pa—Ps (i.e.,0, =065 =1L)
|
0=1L : e 0=1L \ €1
0 1 0 1
(@) pa < ps (b) pa = ps

Accordingly, the second period profit of the sellers in the two symmetric cases, given the information state they are
in, can be simplified and written as:
7i2(6,0) = pi2(0)((6) ~ pi2(8) +7(p_i20) ~ pin(©)))
7120) = pi20)(i(0) ~ 2@ +7 (0120 — pi2®)) ) (EC2.5)

However, in cases that sellers do not learn the demand state, if only seller i is provided with information via the platform

through subscription, then the second period profit of the seller will be:
712(0,0) = pi2(0,8)(1(0) ~ pi2(0.8) +7 (120 ~ pi2(9.9)) ) (EC2.6)

Now, we can combine demand learning with normalized demand. Recall that we defined the normalized price
@@= Ipy—ppl—2A

ATH) ~ 2pa—psl Al In addition, we defined the normalized demand

difference as z4 = % which gives us f1 (Z,‘f) =

as:
\d; 1 (pi,1.p—i1) — Eg.eldi1(pi,1,p—i1)0, €ll _ |i(0) — @ + (2€ — Dy(p—; — pi)|

maxg ¢ {d;,1(pi,1,p—i,1)} —ming ¢ {d; 1 (Pi1.p—i,1) oy —ap+27lp; —p—il
In fact, with some algebraic manipulations, we can show that:
24 +Q2e— D(p—i —p))| | —2A+Qe— Dp; —p-y)|
AA +2lp; — p_;l AA+2lp_; — pil ‘
Again, since the sign of p4 — pp matters in the above expressions we will consider two cases based on the sign of

Z;zu(a) _

and M(L)=Mw)=

—1

V) =2 =

PA —PB-
4 (H)=74(H) > f(z,) ifandonlyif e >1— (p%m),

ifpa <pp: . ,
zé (L) = z%(L) >f(zp) ifandonlyife< @32 S
25(H)=z4(H) > f(zp) ifandonlyife < =2,
ipr > pp: A( ) B( ) _f( p) y = Ga—rn)

AL)=7(1)>f(zp) ifandonlyife>1—

(Pa—pB)°
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EC.2.4. Proposition 4

In this section we characterize the equilibrium under J = (), where platform does not share information with sellers at
the end of the first period. The objective function that sellers face is to maximize their total profit across two periods.
We start by exploring the second period mechanism and then we derive the first period equilibrium prices.

Proof of Proposition 4: In the second period, either they have learned the true demand or not. Also, from §EC.2.3|we
know that they will both learn the demand or both stay in the dark. It will never be the case that just one of them learns

the demand under J = ). Therefore, if they learn the demand, which will happen with % probability, they will set

prices based on exact demand function and corresponding optimal prices (Eq.[EC.2.T). If they do not learn the demand,
with 1 — |p,427_APBI probability, they will set prices based on mean demand function and its optimal prices (Eq.[EC.2.2).

Therefore, we need to derive first period equilibrium prices for sellers. For expositional brevity, we drop the time index
for the first period prices and denote them as (p4, pg). We follow the sequence of events in the setting of J = () regime. In
the first period, sellers set prices as (p4,pp) and their expected profit will be w4 | (P4, pB) =palda —pa + Y —pa)l
and g 1(pa.pB) =pplap — pp +Y(Pa — pp)]. Each seller will observe its own sales at the end of the first period and
form a belief about the status of the demand as well as the information obtained by the opponent as described in §EC.2.3]
and they set prices in the second period based on the information set they are at which will be one of the two following

possibilities: (84,0p) € {(0,6),(0,0)}.

Since the threshold for learning is either |pA2_ApB| orl— |pA2_APB|’ the relation between py4, pp, and 2A affects learning
opportunities. Namely, if ﬁ > 1 which corresponds to Ips — pgl < 2A, sellers will always learn the true demand

regardless of the realization of €;. Otherwise, if pg +2A < py or pp — 2A > py, they will learn in some cases and
remain uninformed in others. Therefore, we break down our analysis into the following three zones based on their
learning opportunities: Zone 1 in which pg +2A < py, Zone 2 in which pg —2A <ps < pg+2A, and Zone 3 in which

pa <pp—2A.In the following we will discuss sellers’ expected total profit in each zone separately.

2A
PA—DB

they will be in one of the following information sets in the second period: (H, H), (L, L), and (0, ). Based on their

Zone 1-pg+2A <pyu: Since

< 1, sellers may or may not learn the demand in the second period. Therefore,

learning probability, the expected total profit function of each seller then is as follows:

A = manapn) + 5250 AmanW ) + dmaa D] + (1= 5250 )7420.9)

20 (ag—ap)’(+y) , (4N+C+yaal®
TA (pA’pB) + PA—DB 4(2+37)2 Q247224372

731 m) + 52550 [ Yo (L H) + g oL D] + (1= 525 ) 752(0.9)

28 (eg—op)’(+7) | (4+Py+Q+y)as])
TB1(PAPB) 5 T a3 T kPR

Z1
TR

Zone 2 - Ipy — ppl < 2A:In this case, each seller will observe its own sales at the end of the first period and automatically

identify the true state of the demand since | pAzﬁApgl > 1. Therefore, the expected total profit function of each seller is:
742 = 1A 1 (paspB) + A (H H) + Amao(L, L)
2
_ U+ [+ @an]” | (yplh+ama P
= Ta1PAPB) * G onma T 200
5% = mp1(pa,pR) + Ampa(H, H) + mpa(L, L)

U+D+ENA—ap)P . (D4R~ P
1 (PAPE) T 0 P a3y 227237




E-Companion: The Impact of CIS on Online Marketplaces EC 14

2A
PB—PA

the second period. Therefore, they will be in one of the following information sets in the second period: (H, H), (L, L),

Zone 3 - py < pp — 2A: This case is similar to zone one. Since

< 1, sellers may or may not learn the demand in

and (0, 0). Based on their learning probability, the expected total profit function of each seller then is as follows:

7 = w1 oapp) + 5255 [Fmant I+ Sran @ D) + (1= 528 )7428,6)

PB—PA PB—PA
- 20 (ag—ap)’(+y) o A+Py+R+y)al
= T PAPB) T 5 d R QPP
75 = mp1apn) + 28 [Amp oGt ) + dmp (L D] + (1= 528 )752.0)

2A  (ap—op)*(+y) | A+N[y+Q+y)ap]*
TB,1 (pAva) + PB—DA 4(2+3’Y)2 + (2_{_,7)2(24_3,\/)2

Now, to derive optimal first period prices, we need to understand the best response of each seller, and then investigate
the existence and uniqueness of a pure strategy equilibrium for the sellers in the first period. Therefore, in the following
we examine the best response function of each seller separately, and then we combine them to get the equilibrium
structure.

Best response function of seller A: We derive the best response function of seller A. Based on the three demand
learning possibilities, we first investigate the local optimum in each zone in isolation and then combine them to find
the best response. For each zone, we examine the behavior of seller A’s expected profit, and understand whether it is

decreasing or increasing in p4 given a pp.

Zone 1 - pg +2A < p4: to understand the seller A’s expected profit behavior, we examine her first derivative with

respect to pa:

Z1
oy

_ (ag —ap)’(1+7)
Doa =0y +vpp —2(1 +7)pa — L 7
'PA

8v(2+37)%(pa — pp)?

Z1

< 0 if and only if:

. 0
meaning that — A
PA=p+20,pp=p

A
PA
o oAt (2877455 4367 + 8)ay, — (107° +317° +287 + 8)ay
Pp=pb = 292+ (2 +37) '

In other words, seller A’s expected profit is decreasing in p4 where pg > pgl and increasing otherwise. Therefore, if
PB > pgl , seller A will set the lowest possible price which is p4 = pg +2A in zone 1. Otherwise, if pg < p‘gl , then seller
A would set a higher price py > pg +2A in zone 1.

Zone 2 - Ipy — ppl < 2A: analysis of this case depends on the sign of p4 — pg. Therefore, we break it down as follows:

Zone 2.1. ps —pp <0, pa <pp+2A: by investigating the first derivative of seller A’s expected profit in this zone we

see that:

871’22

87A =qa +p — 2(1 +Y)pa
PA

zZ2
on

meaning that -4 A2 — 2+37)ar—C+yon

< 0if and only if pg >
pa=p+2A.pg=p YUPB=Pp 2@+

profit is decreasing in p4 where pg > p‘gz and increasing otherwise. Therefore, if pg > p‘gz, then seller A would set a

. In other words, seller A’s expected

price pa < pp+2A in zone 2, otherwise, if pg < p‘g2 then seller A would set the highest possible price ps = pg +2A in

zone 2.
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Zone 2.2. pa —pp > 0, pa > pg — 2A: by investigating the first derivative of seller A’s expected profit in this zone we

z2
see that 9™ <0if and only if p > p> = w In other words, seller A’s expected profit

OPA | py=p—24.pp=p at
is decreasing in p4 where pp > p§3 and increasing otherwise. Therefore, if pg < p B , then seller A would set a price

pA > pp — 2A in zone 2, otherwise, if pp > p‘§3 then seller A would set the lowest possible price p4 = pg — 2A in zone
2.

Zone 3 - py < pp — 2A: this case is similar to zone 1. Again by investigating the first derivative of seller A’s expected

profit in this zone we see that:

on43 (ag —ar)’(1+7)
oo =aa+pp—2(1+7)pa+
Opy  ATB AT 8y +37)2(ps — pa)?

Z3

meaning that <0 if and only if:

A
O |ps=p—28pp=p
(287 + 55’y + 36+ 8)ay — (lO'y + 317 + 287+ 8)aL

P> =
=8 292+ 7)(2+37)?

In other words, seller A’s expected profit is decreasing in p4 where pg > p’g“ and increasing otherwise. Therefore, if
PB > p‘§4, then seller A would set a price p4 < pg — 2A in zone 3, otherwise, if pp < p‘g“ then seller A would set the
highest possible price ps =pp — 2A in zone 3.

Now that we have analyzed the pricing behavior of seller A, we investigate the relation between pp’s thresholds to get
the structure of seller A’s best response function. We see that p’g“ — p‘g3 = i an—a) 4 p‘g3 — pﬁz = 2an—ar)

2(2+7)(2+37)? Y(2+7)

and p’g,z - p’gl = % SO p‘gl < p’gz < p§3 < p‘§4 for o < ayy.Therefore, seller A’s best responses can be

summarized as in Table [EC.2.2

Table EC.2.2 Seller A’s best response based on pp range

9
s range Seller A’s expected profit’s behavior Seller A’ best
response
" %3 increasing for py < pp — 2A, 7!
Pp < Ps 22 increasing for pg — 2A < p, <pp+2A, oy = 0inzone 1
74! increasing-decreasing for p, < pg — 2A.
743 1ncreasmg for ps < pp — 2A,
Py € [p5'. pi’] 22 increasing for pg — 2A < p, < pg +2A, pa=pp+2A
Tr/f' decreasing for py < pg — 2A.
2 .
A3 4> increasing for py < pp —2A, o2
P € 1P Py’ 74% increasing-decreasing for pp — 2A < py <pp + 24, o = 0 inzone 2
74! decreasing for p, < pp — 2A.
743 increasing for py < pp — 2A,
Ps € 5. p'] 742 decreasing for pp — 2A < py < pp +2A, pa=pp—24
74! decreasing for p, < pp — 2A.
W 743 increasing-decreasing for py < pp — 2A, o _
Py <ps 742 decreasing for pp — 2A < py < pp +2A, apf\ =0in zone 3
74! decreasing for py < pg — 2A.
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Best response function of seller B: The analysis for seller B will be similar to the one for seller A: in each zone we will

examine the behavior of the expected total function. Therefore, we skip the algebra (it is available from authors upon

request) and present seller B’s best responses in Table [EC.2.3]

Table EC.2.3  Seller B’s best response based on p4 range
. Seller B’s best
pa range Seller B’s expected profit’s behavior
response
Zl . . .
e 77" increasing-decreasing for pp < py — 2A, z1
B4 B o .
ps —2A<px o %% decreasing for py —2A < pp <ps +2A, apy = 0 1n zone 1
o 7% decreasing for py +2A < pp.
pB_2A< o %! increasing for pp < ps — 24,
pa <pP—2A e 742 decreasing for pp — 2A < ps < pp +2A, pp=pa—2A
o 74! decreasing for p, < pp — 2A.
PP A< o %! increasing for pp < py — 24, on2 _
pa<pB—2A e 722 increasing-decreasing for p, — 2A < pp < p, +2A, g, = 0in zone 2
o 7% decreasing for py +2A < ps.
P+ 2A < e 77! increasing for pg < p, —2A,
pa <P +2A e %% increasing for py — 2A < pp < pa+2A, Pe=pa+t2A
e 77° decreasing for py +2A < pp.
71 - .
e 75! increasing for pp < py — 2A, o 23
Bl B on .
pa<pyp +24 e %% increasing for py — 2A < pp < pa +2A, o, = 0inzone 3
e 72° increasing-decreasing for p, +2A < pg,
Figure [EC.2.3|illustrates the best response functions of the two sellers.
Figure EC.2.5 Best response functions for seller A and seller B
pa(ps) Pa Pa=24
- Pa + 2A
P T pg' pE?  pg® pg* Po(Pa)
(a) (b)

Equilibrium structure: Now that we have both sellers’ best response functions, we are able to derive the equilibrium

structure. To do so, we superimpose the two best response functions based on the values of exogenous problem

parameters; namely oy, oz, and ~. Note that pfy> — p&

B2 _ C+5y)an—(2+y)ar—2y

27(2+7)

>0 for 1 <ay < ay. Wefirst divide

the space of possible parameters combinations to understand the characteristics of equilibrium in each particular set of

parameters, then we examine the equilibrium prices in each region.
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(477348072 +44~+8)a, —2v(2+37)? .
1173+32+24+28~v+8

condition in zone 1 for seller A and B (ﬁrst row in Table[EC.2.2]and [EC.2.3). Hence, there exists a unique pure

87rA _

1. Region 1, ayg < ay; =

: in this region, pg4 < p‘gl. It satisfies the necessary

strategy equilibrium which satisfies T =0and

_ (467347942 +447+8)aL 2v(2+37)%.
1073+31~%+28v+8

that there exists a continuum of equilibrium points satisfying pg =p.pa =p+2A forp € [pAl, p B

2. Region 2.1, oy < oy < apr = : in this region p5°> < pl < pB* < pA2 meaning

3. Region 2.2, oy < ag <ayz = @M : in this region pAl < pB3 < pA2 < p . meaning that there exists a

continuum of equilibrium points satlsfymg pp=ppa=p+2Aforpe [pB , p‘éZ]

4. Region 3, aH3 < aH' in this region p‘gz < pg3 meaning that there exists a unique pure strategy equilibrium which
8 Z
satisfies —2- =0 & D = =0.

Figure [EC.2.6|shows the corresponding regions above. Now we characterize the equilibrium in each region separately.

Figure EC.2.6 Regions based on the value of ay and ~v

14
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Characterizing equilibrium in Region I (o < oy < ayggq): As we discussed, the equilibrium in this region will satisfy

arg' _ 87r§]
s =0 and T

must be satisfied by the equilibrium solution are as follows:

=0. It is the same as to say that the first order conditions must be satisfied. These constraints which

(ag—ap)’(1+7)
8v(2+37)*(pa — pp)?
_ 3
(an ali) 1+ =0 (EC.2.8)
8v(2+37)*(pa — pB)

ag+ypg —2(1+7)pa — (EC.2.7)

ap+ypa —2(1+v)pp +

To solve this system of equation we add and subtract them.

e Adding Equations (IEC.2.7|) and (IEC.2.8I): ay +ap — (2+7)(pa+pp) =0 and therefore, py +pp = %33 = #

o Taking the difference of Equations (EC.2.7) and (EC.2.8): a4 —ap — (2+37)(pa —pB) — % =0.

Now, our problem is reduced to find p4 and pg which satisfy the following constraint.

0 03 aHtar—1 g 9o
(P4 —Pp) —W(PA—PB) +

(ag —ap)>(1+7) _
42+ 37)?

(EC.2.9)

: . 3 aptor—1 2, (ag—ap)*d+y) _ -
To do so, we can rewrite the equation as x 3 X+ pTG Ty R 0 where x = ps — pg. In other words,
we are looking for the root of this function, which gives us the price difference, instead of searching for the two price
decisions separately. However, it is not possible to write the roots of this cubic function algebraically in closed form, but

possible in trigonometric form as following:

27 (o —ap)3(147) .
o antap—| 1_2cos(arccos(—1+SVCEZHféLUJ)—Zm)
7T 3243y 3
og+ap—1 . .
= T aA A LK) fi =0’1’2
32137 K(n,7,j) for j
where n = ao‘f"_af‘fl and
o arccos (— 1+ %ﬁﬁ) —27j
K(n,7,j) = 1 — 2cos ( . ) (EC.2.10)

Up to this point, we have found that ps + pg = ﬁ and ps — pp = x;. However, the analysis is not done yet. We need
to check whether Xj TOOts are real or not, and ensure that it satisfies the condition in zone 1 and region 1. To do so we

need to check if x; is real and if it is compatible with Region 1 and Zone 1 conditions.

1. Checking x; to be real: To do so, we need to examine the sign of the discriminant of the cubic equation which is
P14y 1 _
7 d

3
2n I é{yﬂ) ). If the discriminant is negative, then there is 1 real root (j = 0) and 2 complex conjugate
1

roots (j = 1,2). If the discriminant is positive, n < (%) 3, then there are three distinct real roots.

2. Check if these roots are compatible with Region 1 conditions: In the analysis of Region 1, we have oy < oy which

N STC T s | e, o 21QH32 167 )3
87367456, 743977 Moreover, this is also the tighter bound, i.e., ¢ 1367456242977 < (27(1”)) .

So, when we are analyzing Region 1, parameters of interest are: v > 0 and a7 < ay < ag or equivalently

2v(24+37)? . .
0<n< §4367456,242977° So, all three roots are real for parameters that are in Region 1.

transforms to n <
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3. Check if these roots are in Zone 1, i.e., pg > pp + 2A: we show that the first two roots (j =0, 1) fail to satisfy this

condition and that the third root (j = 2) satisfies this condition only if ay < ay;.

(a) The first root (j = 0) fails to satisfy xy > 0 (i.e., pg > pp) since k(n,7,j) is negative for any n < (275’17)) 173
(b) We now show that x; < 2A (i.e., pa — pp < 2A). Note that x; — 2A = %n(w% 1) — a”iﬂ{o“ =
agtar—1 32+3y)n
:?(Té’y) H(”? % 1) - T
3(2+3’y)n

The function x(n, vy, 1) — can be complicated to analyze, but we can actually plot it (Via a computer
software) for all values of ~ and n that satisfy our constraints, i.e., ¥ > 0 and n € [0, (27(1 ﬂ)) ] and observe
that it is negative meaning that x| =ps — pg < 2A.

(c) Last claim is that x; > 2A for ay < ag. Note that xp — 2A = %n(n,fyﬂ) O‘”i,yaL =

agtar—1 32+3y)n
2y :

32+37) k(n,v,2) —

Our approach is to investigate K (fy,n) = k(n,7,2) — 3(2+3’Y)"

for all values of ~y,n that satisfy our
constraints, i.e., v >0 and n € [0, (27(1+’7)) ] and observe that it is positive only for ay < ay;.
So, this proves that out of the three real roots, i.e., three potential equilibrium solutions in Zone 1, only one (x;)

satisfies the boundary conditions. Therefore, we showed:

patps 1 _ =0
{ 4 8—2(2+7)—P

2azPe = o=l i(n,4,2) = 20 A

Hence, the first period prices in Region 1 can be written as pg = p + sz and pg = p - ZPA

Characterizing equilibrium in Region 2 (ap; < ag < ags): In region 2, if apgy < ag < apy we have a continuum
of equilibrium solutions (p + 2A, p) for p € [pA1 , pB4] and for ayy < ay < agyz we have a continuum of equilibrium
solutions (p +2A,p) forp € [p 33 pAz] We can show that there exists a unique Pareto dominant equilibrium in each of

these cases. The discussion is omitted due to space limitations but is available from the authors upon request.

Characterizing equilibrium in Region 3 (a3 < ag): In region 3, we know that the first period prices are such that,
Ipa — pel < 2A and both sellers can identify the true state of the demand. Therefore, in the second period they will set
prices with exact demand function as shown in Eq. (EC.2.T)). This means that the second period profits are constant with
respect to the first period prices. Consequently, we can use backward induction to find the first period prices. Solving first

Or22(papp) _ o OmE*(paps) _ . _ y+R+agtar] _ v+ R+HIR—ag—ar]
ABpA =0, BapA =0 gives us py = WZJ?M)L and pg = 2(2+7)(2+g7) L1, However,

order conditions

prices should also satisfy zone 2 condition: Ipy — pgl < 2A. Note that Ipy — pgl <2A if and only if oy > ays.

Summary of the equilibrium under no information sharing:
Now that we have characterized equilibrium prices in each region, we summarize them in this section. First period

prices in each region under no information sharing are written in the following format:
pgl =p +sz and pg,l =17®—ng (EC.2.11)

where ﬁ@ is the price average, 2Azg is the price difference between sellers in each region as follows.
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1

=] in Region 1
min{ aL(2+5y)—an(2+y)
9 _ 4 (2) ’ (EC.2.12)
T\ 44372 +(8430v+329° 497 ay —(24+78v+68v* 497 ) o, }  inRegion 2 -
A 2FN2+37) &
Z(%W in Region 3
arccos [ —1+ 20 ( SHEE )3) —47
1 ( Sy apgtor—1 ) oy —1 . .
0 3 [1 - 2cos( 5 ) ] ﬁ Sutel——  in Region 1
Zp = (EC.2.13)
1 in Region 2
2y agtap—1 . R . 3
243y ap—oag n kegion
. % _ (4777 +807* +44v+8)a —2v(2+37)”
Region1 oy <oy = 1175+3277+287+8
Region2 afj<ap<aj= % (EC.2.14)

Region3 aj <ay

0
p
may not identify the true state of the demand depending on their demand observation. At the end of the first period,
sellers update their beliefs as described in Figure [EC.2.4(b). In region 2, we have zg =1, and in region 3, we have zg <1,

meaning that the price difference p?\ 1= pg 1= 21? < 2A and therefore, sellers identify the true state of the demand

Note that zg > 1 in Region 1, meaning that the price difference pg 1= p(g 1 =22, > 2A and therefore, sellers may or

independent of their demand observation.

Designing Subscription Fee to Induce J = (): To design a subscription fee to induce both sellers not to opt CIS service,
the two following incentive compatibility constraints (based on Table [EC.2.T)) should be met: First, given seller A’s
decision not to subscribe to CIS, seller B has also incentive not to subscribe, and second, given seller B’s decision not to

subscribe to CIS, then seller A has also no incentive to subscribe. We can write the two constraints as follows:

(1= Byl (PY, PY) > (1 — pynl s (PE, PE) — ¢ (EC.2.15)

(1= Bymeyy (PR P) = (1 = By (PR PR) — o (EC.2.16)

Note that, constraints dEC.Z.le and (]EC.2.16]) define two thresholds for the subscription fee gzﬁm;

60> 5= (1 - Blnby —7lpl, and ¢ >0 =(1 - By — 7,1

Therefore, to satisfy both incentive compatibility constraints, any subscription fee ¢ € [max{Sm,Sg }, +oo) can

induce both sellers not to subscribe to CIS.

Consumer Surplus under No Information Sharing: To get the consumer surplus under no information sharing, we
first break it down to the consumer surplus in the first and second period. In the first period, consumer surplus will be

acquired through the following formulation with corresponding prices derived in Eq. (EC.2.12).

st =Eg | Y cshio
ic{A,B}
L E)? W)Y 1y () (dp (L))

T2 21+ 2004y 2 204+ | 20+7)
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In the second period, sellers will either learn the demand with |pA2prB| probability and the consumer surplus will be

derived with exact demand function and optimal prices, or they do not learn the demand and hence the consumer

surplus will follow the mean demand function and corresponding optimal prices. We have derived these two consumer

surpluses in §EC.2.2| Therefore, in the second period, consumer surplus under J = () will be cs? = ACS,MC, +

27 lpa—psl
2A
1- |pA_pB|)CSmean~

Finally, total consumer surplus under J = () will be cs? = CS? + ﬁcsma + (1-— W%Apgl)csmwn'
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EC.2.5. Proposition 5

In this section, we compare platform profit under J = AB and J = (), and prove that there exists a threshold 0/213_)@

above which platform prefers J = () over J = AB.

Proof of Proposition 5: First we consider the difference between platform profit under J = AB and J = (). To simplify

equations we use Eq. (EC.2.9).
AB—0) _
(A+2008 —pp)?  (an+or— V@) —pp) | (1 +lep+op — 17 +(n —o)’]
2 2 2(2+37)?
~ (+(ag — o)
49(2+37)22DA)
Qag — 1) 3 2
= 2v(1 +2 7,2) — 18v(2+3 7,2
32472 + 3921 — n)2r(n.2) V(L +29)k7(n,7,2) — 18y(2 4+ 37)k"(n,7,2)
+1627(1 +7)(1 + ) k(n, 7, 2) — 7297 (1 +7)(2 + 37)

Note that A’?)B -0 >0 if and only if Qp(n,~) > 0, where:

Qo(,7) = 27(1 +27)K° (1,7, 2) — 1872 + 37)k> (1,7, 2) + 1627(1 + (1 + n>)k(n, 7, 2) — 7291 (1 + )2 + 37).

3
Therefore, we need to examine the behavior of (2p(n, ). Since it is a cubic function of n, we start by %

3 2 2
Observe that % <0Oforall0<yand 0 <n < %. Therefore, % is decreasing in Region 1.
2 2

Therefore we need to check the endpoints of % to see whether it changes sign or not. We see that % 0=
n=l

Ity 2Qo(n.) PQo(n.y) ; o - Q0(1.7)

124977 0 and T N <0. Hence, =5 changes sign from positive to negative. Therefore, =%

is increasing-decreasing in n. To check whether LQ%% changes sign or not, we look at its end points. We see that

% 0 0 and W us < 0. Therefore, % changes sign from positive to negative.

n= n=n

Based on this, we understand that 2 (#,y) is an increasing-decreasing function of n. So, we need to check the sign of
its end points to see whether it is always positive or always negative, or it changes sign once or twice. Looking at the
end points, we first see that Qo (n, W)L_O =0. Since we showed that 2 (n,~) is an increasing-decreasing function of n,
so there is at most one sign change point for Q(n,y). We observe that Q,(n, 'y)‘n_nUB < 0. This means that there exists
a unique root n*(y) € [0, nYB] such that for n < n* () we have Qp(n,v) > 0 and vi_ce versa. In addition, we know that n
is monotone increasing in aiyy hence we can conclude that 2(n, ) is increasing-decreasing in agy. Consequently, there

exists a single sign change (say at aéIB_W)) for Qo(n,~) as illustrated in Figure|[EC.2.7



E-Companion: The Impact of CIS on Online Marketplaces

EC23

Figure EC.2.7

Sign of Qp(n,v). The red coloured plate is where the vertical axis is 0.

Hence, we showed that there exists a threshold af_‘IB —? above which platform prefers J = () over J = AB and the proof

is complete. The corresponding equilibrium subscription fees, prices, and belief-updating rules are summarized in Table

ECZ24
Table EC.2.4 Equilibrium Decisions Under AB and ¢ Regimes
. z,>1 z,=1 7, <1
Regions 2 d 2
R, | R R; R,
J* AB 0 \ 0 0
3~ B piBYy _
¢ (-5l CP,S A ¢ € [max(s3, 501, +00)
7TC|B( B> A)]
First
_ Y+ y)(an+ar) =504+ =50 _ +Q)(antar)
period pA1= W {pA’l ? ”%2 {PA,I =7 A | fpar= W )
. _ 40+ —C+y)anta =p" — —5 _ _ 40+ —C+y)(apto
prices PBI= T PeI=P" =% pe1=P" =& | | PB1 = T oy
2A
Belief H ife < i ‘”le;nde H
updating 0; = 0 for both sellers 0, =< L ife;>1-— ri—pi and@ =L 0; = 0 for both sellers
0 otherwise,
— Y+2+7)a4(8)
S 9.0 :4PA2= Ty
econd _ y+Q2+y)aa(6) l PB2= Y+2+y)ap(0) Y+Q2+7)aa(0)
eriod PA2= "24m2+3y) 2+m@+37) PA2= "3y
P o = 1EZ)0s®) 24y (atow) A 2Ey)asd)
prices B2 = T3 0.—g .lPa2= "m0 PB2 = "2+(2437)
L= _ 4d+y)—QC+y)(agt+ar)
PB2= T @pe3)
. =AB _ =0 _ 1) 12 1 27(1+7) —ay )3 27 aytag—1 B _ 2v(agtar—1) _
Note: p*" =p" = 2(2+’y)’ zp = (3 — 5 cos(3 arccos ( -1+ =5 (o::,—afil) ) 3”)) 2437 L= 2 = Gen—an A=

O — OtL
4y
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EC.2.6. Proposition 6

We compare sellers’ equilibrium characteristics and consumer surplus preferences under regimes AB and ().

Proof of Proposition 6: Since the two regimes are identical in Region 3, we do not consider Region 3 in this analysis,
and mostly focus on Region 1 where % <ap <ag<ay.
Price comparison of sellers under AB and {): In the second period, under regime J = AB or under regime J = () when
sellers learn, their prices follow Eq. (EC.2.1). If they do not learn under J = {), they will set prices based on Eq.

in the second period. Therefore, we focus on first period prices. Recall that:

pAl—p +ZABA and p‘gﬁ=ﬁAB—zABA,

pgl—p +z®A and p%l—p —ZQ)A

B B _ 2y(ag+ar—1) 0 _ 2y +oy—1
where p8 = p¥ = 5oy, and 3 = IR and g = i LT k(1. 2),

Now, to analyze prices, we need to understand the behavior of k(n,~,2), because price average in both cases are
similar. We check the end points and the derivative of «(n,~,2) with respect to -y and n.
With Eq. Ec.2.10|>, observe that #(n, 7, 2) is decreasing in n. In addition, (0,7, 2) = 3, and K(MW%, ~,2)

67+56724+297
arcsin(4706/24389) . [ arcsin(4706/24389) \
(e G064 ) iy (‘arcsin TGO ) 22 7932 as

is monotone decreasing in ~ and converges to 1 + v/3cos

~v — co. It means that in Region 1, 2.7932 < k(n,~y,2) < 3. It follows from there that:

0 27A A 0

AB B
Pal —Ps1= mﬁ —km,7,2)]20 and pp—pp,= [k(n,7,2) — 3] <0.

2vA
3n(2+37y)
Hence, we showed that seller A’s first period price is higher under J = AB than J = () and it is the opposite for seller B.
Profit comparison of sellers under AB and (): In this section we compare sellers’ profit regimes under AB and ()
individually.

Seller A: Let us consider the profit difference for seller A under regimes AB and §).

2 _ K3 _
20y~ 12 [0 7) - ZEEEg IR0 210

24~(2 4 37)2k(n, 7, 3)(1 — n)?
(2ar D2 |Qo(n(an, a).y) — Qap(n(an, ap), 7. an)]
B 24~(2 + 37)2k(n, v, 3)(1 — n)?

AﬁB—@ L

Let Q4(ay, ar,v) = Qomlay, ar),v) — Qapn(ay, ar),y, ar). Note that A‘;‘B_Q) > 0if and only if Q4 (g, ayp,7y) >
0. Moreover, Qa(ay = ar, ar,) and Qu(ay = oy, ar, ) <0 (which we illustrate in a 3D plot in Figure [EC.2.8p). In
order to analyze the curvature of Q4 (g, ap,y) we first analyze Qo (n(ay, ar),v) and Qap (n(ay, ar), v, ) separately.
Specifically, we look at the first and second order derivatives of Q2 (n(ay, ayr),y) and Qup (n(ay, ar),y, ap) with
respect to ay. Even though these functions have three variables, namely (ay, ay,7), we are able to factor out an
expression (2ay, — 1) through algebraic manipulations and to re-structure in the form of (2a;, — 1)f(n,y) where the
remaining part of the expression f(n, ) is a function of two variables n and . Since 2a; — 1 > 0, we are able to analyze
the sign of these functions via the sign of f(n,~) and we can do that via 3D plots or implicit-plots. In Figure[EC.2.8p we
present the implicit plot and summarize our findings in four regions.
Region 1: Q¢ (n(ay, ay),7y) is convex-increasing and Qg (n(ay, ap),y, ) is convex-increasing w.r.t. ayy. Region

2: Qo (n(ay,ar),7y) is concave-increasing and Qup (n(ay,ar),”,«r) is convex-increasing w.r.t. agy. Region 3:
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Qo (n(ag, ap),y) is concave-decreasing and Qup (n(ayy, ar),v, ) is convex-increasing w.rt. ay. Region 4:
Qo (n(ay, ar),”) is concave-decreasing and Q45 (n(ay, ar),, ) is concave-increasing w.r.t. ay.

As a result, we can conclude that Q4 (ay, ar,v) = Qo (n(ay, ar),v) — Qap ((ay, ar),, ar) is concave in region
=0

0 (ap,ar,y)
[7] ag=qy,

2, concave-decreasing in region 3, and decreasing in region 4 with respect to ay. In addition, oy
P (om,0n7) — 108y(1+7)
and =52 = Qa,—17

are ready to analyze the sign of Q4 (ay, ay,y) in all the above four regions.

‘aH=aL > 0. So, €4 is convex-increasing as ay approaches to oy, from right. Now, we
We know that Q4 (ay, oy, ) starts from zero at the lower bound ay = o7, and is increasing-convex in that neigh-
borhood. In region 2 it is concave and in regions 3 and 4 it is monotone decreasing. At the upper bound it is negative

Qualagi,ar,y) <0. Our claim is that Q4 (g, ap,7y) changes sign from positive to negative once in regions 3 or 4.
Let us start with examining Q4 (ag, o, y) in region 1 and 2 according to Figure[EC.2.8p. We show that Q4 (cvg, v, y)

has a lower bound which is always non-negative in these region. Observe that:
Qo (n(ag. ap).y) — Qap (o, ap).v.0) > Qo o). y) — 292 + 37K, 7.2)[3 — £ (1,7, 2/27)(1 — n) = Qup(n.7)

we can plot this function of two variables and show that it is positive in region 1 and 2 (Figure [EC.2.8k). Since the
lower bound is non-negative, we can conclude that Q4 (ag, ar,y) > 0 in these regions.

Therefore, since Q4 (g, ap,7y) is monotone decreasing in regions 3 and 4, and it is negative at the upper bound, it
must be the case that Q4 (ay, ap,7y) is an increasing-decreasing function of ayy and that there exists a unique threshold
for ay (namely a@) such that Q4 (g, oy, 7) is positive for ay below that threshold and negative for iy above that
threshold.

To summarize, we proved that there exists a unique threshold (namely a;‘]) above which, seller A prefers regime ()
over AB and the proof is complete.

Seller B: Let us consider the profit difference for seller B.

Qay —1)? [Qo(n(aH, ar), )+ Qapnlay, ar),, aL)}
2452+ 3v)2k(n, 7, 3)(1 — n)?

AB—0 B
AAB=0 — 4B _ .0 =

Note that AgB_@ > 0 if and only if Qp (n(ay,ar),vy) + Qag (g, ar),v,ar) > 0. We can show that there exists a

(d=n)
ZQL—I

lower bound for this expression for all % <ap <ayg <1. Since = O%L > 1, the lower bound is a function of two

variables n and + as following:

Qo (n(agy, ap), ) + Qap (e, ap),vs ap) > Qo (e, ap), ) + 2722 + 37k, 7, 213 — K2 (1,7, 2)/27].

Figure EC.2.8 Analysis of seller A’s information sharing preference.
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So, if we show that this lower bound is always positive, we have proved that AgB -0 > 0. Even though the expression
is quite complicated with trigonometric functions involved, we can plot it in the region of interest and identify its
behavior since it is a function of only two variables. In fact, we can see that the above expression is increasing in y and
positive for all the parameters that we are interested. Therefore, Q¢ (n(ay, ap),v) + Qap (ay, ar),~y, o) > 0 for all
parameters, and hence, seller B always prefers regime AB to () in Region 1.

Consumer Surplus comparison under AB and (): We first show that consumer surplus under regime J = AB and

regime () can be decomposed as follows:

CSAB = CSmean + CSexact

0 0 A A
CS* = CSl + ———CSeract + (1 = ———)CSpiean
Ipa — pBl lpa —pal

Using this decomposition, we can express the difference between two consumer surpluses as follows:

A
cs? — 548 = €59 — CSmean + (1 = ———)(CSmean — CSexact) (EC.2.17)
lpa — pBl
As calculated in §EC.2.2]
Qv+ 1) (ag —ag)* (4v+3)
CS — CSexact = >0
mean exact 4 (1 + 'Y) (2 + 37)2 =

So, (1 — |méw)(CSmmn — CSexact) > 0. Now, we need to compare CS? and CSyeqn (Which is the first period consumer

surplus under regime AB):

@)% - (déf)z}

CS?CSm“‘”zE”{ > i)

i€{A,B}

where d? | and df}fg are derived with corresponding optimal prices in Eq. (IEC.Z.] ll) and (IEC.Z.ZI).

There are two demand states. In order to do this comparison, we consider each demand state individually and show
that CS?(G) > CSpean(0) for each demand state 6, where 6 € {H,L}. Also, we use the results in §here we showed
PA% —p  =x>0and pj8 — pg | = —x < 0. In what follows, we show that CS(8) > CSnean(8) for 0 € {H,L}.

6 = H: We can write the consumer surplus difference as following under High demand state.

B 2(14+2v)x

0 — =
CS\(H) — CSmean(H) 20+

(1=2ay — (1 +29)x+2(1 +279)A%5)

Note that CS?(H) — CSpmeanH) > 0if 'y =1—-2ayg — (1 +2v)x+2(1 + Z'y)AzﬁB < 0. With some rearranging and
substituting Azlf,‘B, we can show that:

(14291~ ap)

ar,
Ty=1-2 — A +27) 0 —
H ag 243 (1 +27)(x 2+37)
I+  2a0g(1+7v) (A+2y)(ag—ap)

- - - —(1+2
2437 2+3y 2437 (427
1+ —-2ag) (+29)(ag —ar)

- - )

2+37 243, (1427

Since aoy > ap, > 0.5, v > 0, and x > 0 all parts in the above expression are non-positive. Therefore, we showed that

T'y <0 and hence, CS?(H ) > CSean(H) for all parameters of interest.
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6 = L: Through a similar analysis we can show that CS?(L) > CSmean(L). We can write the consumer surplus difference
as following under Low demand state.

_ 2(1 4+ 2v)x

0 — =
CS1(L) — CSmean(L) a0+

(1 —2ar, — (L +27)x+2(1 +27)Az5)

Note that CS?(L) — CSpmean(L) > 0if T =1 —-2a7 — (1 +2y)x+2(1 + 27)Az?3 < 0. With some rearranging and
substituting Az;‘B, we can show that:

A+2vA —ap) ay
Fp=1-2a; — — 0~ (1 42)(x— — 2
L oL 2+3y (1 +27)x 2+37)
14~ (I+vQayp — ag)
G3y 0 243y (1+27)x
We will show in the following that each part of I'; is non-positive. Since —21:377 is decreasing on 7 in v > 0 with

maximum of % and o > %, then (% —ar) <0. Also, from % <ar <ag<1,v>0and x> 0, the rest of the

expression is also non-positive. Therefore, we showed that I';, < 0 and hence CS?(L) — CSpean(L) > 0.
Since CS?(L) — CSimean(L) > 0 and CS?(H ) > CSmean(H), the expectation over them will also be positive. Therefore,
we showed that CS? —CShnean >0

To conclude, we proved that (1 — (CSimean — CSexact) > 0 and CS? — CSyean > 0. Hence, their summation is

Ay
Ipa—psl
also non-negative: and Cs? > cSAB. We showed that consumer surplus under no information sharing regime is always

greater than or equal to consumer surplus under regime AB.
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EC.2.7. Proposition 7

In this section, we study the mechanisms involved in information sharing with only seller B. This analysis is almost
identical to the analysis of the case in which the platform shares information with seller A (which we will cover in the
next section) only except that the two sellers are now swapped. We have characterized the equilibrium prices under
regime B. However, since we will show that there is no feasible subscription fee to induce only seller B to subscribe, the
proof for the equilibrium prices under regime J = B is omitted due to space limitations but is available from the authors

upon request.

Proof of Proposition 7: Based on Table[EC.2.1] the following two incentive compatibility constraints should be met to
only induce seller B to subscribe. First, given seller A’s decision not to subscribe to CIS, seller B has an incentive to

subscribe:

(1= Byrlip (PR PR) — 68 > (1 — By (Ph. PY) (EC.2.18)

Second, given seller B subscribes to CIS, seller A has no incentive to subscribe:

(1= Bymu (PR, PE) = (1 = ymehy (P4, PRP) — o° (EC2.19)

Note that constraint (EC.2.19) represents a lower bound for the subscription fee, while constraint (EC.2.T8) signifies an
upper bound, specifically, w‘éBlA - ”gl a < P < 7rg| B~ ﬂ?:l - However, it can be shown that the upper bound is always
less than or equal to the lower bound, indicating that there is no feasible subscription fee that satisfies both incentive

compatibility constraints. Also, Figure[EC.2.9|shows that platform cannot induce regime J = B.

Figure EC.2.9  Feasibility conditions to induce regime J=B (y=1, ay =0.6)
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EC.2.8. Proposition 8

In this section we analyze the equilibrium characteristics when platform shares information with seller A only. The
flow of analysis is similar to what we have done in §EC.2.4} First, based on second period posterior beliefs of sellers
about demand state, we break down our analysis into three cases; then in each case we derive the best response function

of sellers; and finally, we superimpose their best responses to get the equilibrium in each case.

Proof of Proposition 8: In regime J = A, seller A will learn the true demand state before the second period regardless
of the realization of €. However, seller B still relies only on its own sales data and may or may not learn the demand.
The learning opportunities for seller B is provided in Second period profits are related to their demand state.
If seller B learns the demand, which will happen with % probability, they will set prices based on exact demand
function and corresponding optimal prices (Eq.[EC.2.1). However, if seller B does not learn the demand, in the second
period sellers are in one of the following information sets: (H ,5) in which Only seller A identifies that @ = H, or (L, 5)
in which only seller A identifies that @ = L. In these two cases, seller B cannot identify the true value of « but knows
that seller A is informed.

If lpg — ppl < 2A, then seller B can identify the value of « regardless of the realization €. Otherwise, seller B may or
may not learn the demand based on the realization of €;. Seller A has perfect information by the end of the first period
and that seller B is aware of this. Note that the second period profits - based on the conjectures - are available in §EC.2.7]
For expositional brevity, we drop the time index for the first period prices and denote them as (p4,pp).

Previously, we have shown that if both sellers learn the demand in the second period, their corresponding prices will
be characterized as in Eq. (EC.2.1). In case that only seller A learns the demand, she will use the exact demand function
while seller B will use mean demand function. Therefore, with first order conditions, their corresponding second period
prices will be as following:

A _7+C+aO) Aloptar—20,O0)] 4 4149 = Qe +an)
PA2= "0 p2+3y) T 40+2+3y) PB2= 0 2+ 3y)

(EC.2.20)

Therefore, based on possible demand learning opportunities for seller B we have the following three cases. The profit

of each seller can then be written as follows.

pAQ_ApB < 1, seller B may or may not learn the demand in she second period. Therefore,

they will be in one of the following information sets in the second period: (H, H), (L,L), (H,8), and (L, 8). Based on

Zone 1 - pp+2A < pj4: since

their learning possibilities, the expected profit function for each seller is:

PA—PB

(1 - pAZprB) [%WM(H, 9+ %WA’Z(Lﬁ)}

Al = a1 aspp) + 525 [ AmantH B+ S oL L)

+

2
 (ag—apPé+5y) [29(1+ )+ [@+37)ax—va4 ] ]
TA1PAPB) = STt 52 pa ) T 2A=HL T S P

51 = 71 0app)+ 525 [SmpaH W)+ drao. )] + (1= 525 ) mp2(0)

2
(ap—a (1L (149 [y+Q+y)as)
TBAPAPE) Y @3 aps) T @@

S
|
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Zone 2 - Ipy — ppl <2A: In this case, seller B will observe its own sales at the end of the first period and automatically

identifies the true demand since ; Ph ZA 1 = 1. The expected profit function for each seller is therefore:
zZ2 _ 1 1
5~ = Ta,1(Pa-PB) + 3Ta2(H, H) + 574 2(L, L)
2
_ W) [r+@4en]” | plyteepo P
= Ta1PAPB) * o o ma e T 200
75 = 7p.1(pa.pp) + e a(H, H) + trpa(L,L)
- A+Py+C+NU—al® | A+ Py+C+N1—ar)?
= TB1PAPE)F 00y 22+ (24377
Zone 3 - py < pp —2A :This case is similar to zone one. Since pBZ*APA < 1, seller B may or may not learn the demand in

the second period. Therefore, they will be in one of the following information sets in the second period: (H,H), (L,L),

(H, 0), and (L, 5). The expected profit function of each seller is then:

T = T (paspB) + 5o BWA,z(H,H) + %WA,z(L,L)}

+ (1= 528 ) [3mantH.0) + 4ma2(L.0)|

2
_ (om—ap)’(@+5y) [27(1+7)+(2+'y) [(2+3v)ar'@\] ]
Ta1(PBPA) = B3935 M) + k=t B+ 2377

75 = ma1(papn)+ 2 [Amp oG H) + dmp oL D] + (1= 528 ) 7p0®)

)4 oty 4y [y+@+yyas)’
TB1(PAPB) t 3 353 5 ) 2+ 24377

(EC.2.21)

Best response function of seller A: We derive the best response function of seller A in this section. Based on the three
demand learning possibilities, we first investigate the local optimum in each zone in isolation and then combine them to
find the best response. For each zone, we examine the behavior of seller A’s expected profit, and understand whether it
is decreasing or increasing in p4 given a pp.

Zone 1 - pg +2A < p4: to understand the seller A’s expected profit behavior, we examine her first derivative with
respect to py:

71
o4

_ (ay —ap) (@ +57)
T=aA+va—2(1+7)pA+ H "L 1
PA

321+ M2 +37)%(pa — pp)*

Z1

. 0
meaning that 871?:\

<0 if and only if:
pA=p+2A.pp=p

pp 3 o) = (103g* + 320> + 360g2 + 176g + 32)a; — (31g* + 152¢3 +232¢% + 1445 — 32)ay
B
871 +7)Q2+N2+37)?

In other words, if pg < pgl , then seller A would set a price ps > pg +2A in zone 1, otherwise, if pg > p‘gl then seller

A would set a price pg =pp +2A..

Zone 2 - Ipy — ppl < 2A: we now investigate the local optimum in zone 2. Note that:

a A .
Dp. = 0A +9pg — 2(1 +7)pa
PA
z2

. o
meaning that 81;‘
A Ipa=p+2A,pp=p

<0 if and only if

2 u2+37) —apC+)
> =
o> 2@+)
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In other words, if pg < p‘gz, then seller A would set a price py = pg +2A in zone 2, otherwise, if pg > p‘gz then seller A

would set a price ps < pg+2A in zone 2. Note that this is a local optimization in zone 2.

Also p! — p? = P EES@B—L) () This means the following:

T8I+ (2+37)*
° pp gp‘gz: 7r§2 increasing for py < pp+2A and 74 + wfl increasing at pg = pp + 2A so the best response is
. omfl .
achieved by T = 0 in zone 1.

e For p‘gz <pg < p‘gl we have 77%2 increasing-decreasing for p4 < pp + 2A and 77%1 increasing-decreasing at
pa > pp + 2A meaning that the best response is achieved by comparing the two local optimums in zone 2 and zone 1.

° plAgl <pg: 7752 increasing-decreasing for p4 < pp +2A and Wil decreasing at p4 > pg + 2A so the best response
87r§2
Opa
In other words, there is a discontinuity and a jump down in the best response function of seller A as depicted in Figure

[EC2.10(a).

= in zone 2.

is achieved by

Figure EC.2.10 Best response functions for seller A and Seller when the platform shares information with seller A

only.
pp + 24
pa(Ps) L i p
< A
/ O/  Pot2a
/O/
piz pat P pEz i Pe(Pa)
(@) (b)

Best response function of seller B: Similar to the analysis for seller A we investigate the best response function of
seller B in this section for each zone individually. The process is the same: in each zone we examine the behavior of the
derivative of the expected profit function with respect to pp and based on that, find the best response pp for a given p4.

Zone 1 - pg+2A <py: observe that in this case:

87% 1
<0
Opp pa=p+2Ap=p
if and only if

pp > phl = 22F 392 + agy(1+7) — ap(8 4257 + 1992)
- 22 +7)2+37)

In other words, if py < pgl +2A, then seller B would set a price pg =p4 — 2A in zone 1, otherwise, if py > pgl +2A
then seller A would set a price pg < p4 +2A in zone 1.
Zone 2 - Ipy — ppl < 2A: we now investigate the local optimum in zone 2 by taking the derivative of the expected profit

function as follows:
Z2
ong

—5 <0
Opp pa=p+2Ap=p
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B2 —

if and only if p > pg ﬂ . In other words, if ps < pB% + 2, then seller B would set a price pg > ps — 2A in

zone 2, otherwise, if py > p% B 2+ 2A then seller B would set a price pg =pa — 2A in zone 2. Note that this is a local

optimization in zone 2. Note that:
PBl B2 Y+ (g —ar)
BB T 22+ )2+37)?2

This means the following:

1

e For py Sp +2A we have Z increasing for pg < p4 —2A and 7r£2 increasing at pg = p4 — 2A meaning that

Z2
8 p =0 in zone 2.
° Forpg2 +2A <py gpgl +2A we have W[Z;I increasing for pg < pg —2A and 7rA2 decreasing at pg > ps — 2A

meaning that the best response is achieved by pg = ps — 2A.

Zl

° Forp +2A < p4 we have 7 1ncreasmg decreasing for pg < ps —2A and 7'('32 decreasing at pgp > ps — 2A

Zl
meaning that the best response is achieved by 8p3 =0in zone 1.

In other words, there is no discontinuity in the best response function of seller B, as depicted in Figure [EC.2.10(b).

Equilibrium structure: Now that we have both sellers’ best response functions, we are able to derive the equilibrium
structure. To do so, we superimpose the two best response functions based on the values of exogenous problem
parameters; namely ag, ar, and 7. Note that we have the following relation between parameters and price thresholds.

opy’ —ry’ A2 _ (1427)(8+28v+23vH) a —27(2+37)?
1. 8a <0ande pB >0if and only if ay < apyg = 8428143172+ 107

py—rh : : — au(2+5y)—2y
2. % <0and p PB > 0 if and only if ay < aye= Lf,y

opy' —ph! Bl . . _ (1799 +496~° +492~4° +208~v+32)ar, —8(1+7)(2+37)* v
3. BT <0and pB —pp >0ifandonly if oy < aps = 3574+160W3+2367_+1447+32

opy —r¥ Al _ B2 : . _ (1757*+488~° +488~7*+208~v+32)a — 87(1+'y)(2+3'y)
4 “Ha - < 0 and pp" —pp” > 0if and only if oy < a7 = 3Ty 1527 42327 24 1437432

With comparing bounds we see that % <ar <ags < ags < age < agy. Therefore, based on the value of oy one
of the following possibilities will happen.
B2 B1 2 1 : : :
1. If o <ap <aps <aps < age < apy, then pp” <pp* < p% < p/;; meaning that there exists a unique pure
Zl
=0 and =0.

87TA

strategy equilibrium which satisfies -

2. If o < apgy <ag <ags < age < agy, then sz < pA2 < pgl < p%l meaning that there may exists a unique

o Zl . e
pure strategy equilibrium which satisfies - pB =0and T = 0 or there may not exists a pure strategy equilibrium.

3. If af < ags < ags <ag < age < agy, then pgz < pﬁz gpgl gpgl meaning that there does not exist a pure

strategy equilibrium.

4. oy < apgs <ags <agg < ay < aH7, then pA2 32 pgl gpgl meaning that there may exists a unique

=0 or there may not exists a pure strategy equilibrium.

5. If ap < aps < aps < ape < a7 < o thenpA <pA1 < pB2 < pB! meaning that there exists a unique pure
=0.

(97rA

strategy equilibrium which satisfies 88 =0 and
Based on the above examination, we take ay € [044, a7] as the areas in which we do not have a pure strategy
equilibrium. Note that this is an overestimation of the set of parameters over which we do not have an equilibrium.
However, as we show below, this is still a very small percentage of the parameter values of interest {ay, oy, v}.

Indeed, let 6,,£0(7) denote the size of the area {aH,aLI% <ar < l,agys < ag < ag7}. We can show that

0,050(7) = Q2+ )224+37)*y?
noEQ 2(18477+38073+279~2+847+8)(70075+219977 +26083 + 144872 +368~+32)

Now, let O7,,,(7) denote the size of
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the area {OéH,OlL% <ap <1,ar < ay < 1}. We can show that O7,,,(7) = %. We can see that ZV;LZQI((;Y)) is

increasing in -y and converges to 4(2)% ~ 0.0067081 = 0.6781% as 7 — oco. Given that the area in which we may not

have an equilibrium is significantly small, we focus our attention on the o < ary4. In the next section, we identify the

structure of the equilibrium in that region.

Z1 Z1

Equilibrium prices in o, < oy < a4 - Since the equilibrium in this region happens at %7;’; =0and %7;1 =0, we look
at the first order conditions in this region as follows:

_ (o —01)’(4+57)

oA +vpp —2(1+v)pa+ = (EC.2.22)

32(1+7)2+37)*(pa — pp)*
3
ag—ap)’(1+
apg+pa—2(1+v)pp + (g — o) +7) (EC.2.23)

89(2+37)%(pa —pp)*
To solve this system of equations we get the summation and take the difference of them. The summation of Equations

EC.2.22|and |EC.2.23| gives us:
patrg _ 1 N (ay —ar)’ _ 1 Y(ag —ar)
2 22+7) 640+ NC+NPa—pp)?  2Q+7)  16(1+7)Q2+)()?
Taking the difference of Equation[EC.2.22]and [EC.2.23] gives us
(an—a)’G+4y =97
329(1+7)2+37)*(pa — pp)>
3 agt+ar—1.2

: : : _ (on—ap)’@+4y—+>) _
We can write this equation as x %+ e =

looking for the root of this function, which gives us the price difference, instead of searching for the two price decisions

ag+ap—1—Q2+3v)(pa—pp) —

0 where x = p4 — pp. In other words, we are

separately. It is not possible to write the roots of this cubic function algebraically in closed form, but possible in

trigonometric form:

+ay —1 1 27 (4 + 4y — 2 2mj
xj = CkHaL[lZcos <3arccos(l+n(w) — W]ﬂ forj=0,1,2

3(2+437) 2 3291 +7) 3
- 3(%’;”@@, ~ A for j=0,1,2
where n = % and
4+4y—yHnd
ka(n,7v,j) =1—2cos (% arccos ( —1+ W) — 2]%) (EC.2.24)
Up to this point, we have found that p4 + pg = (2J1r7) +3 (117(6;(”2:%()%)2 and p4 — pp = x;. However, the analysis is not

done yet. We need to check whether Xj TOOts are real or not, and ensure that it satisfies the condition in zone 1.

First, we start by checking x; to be real. To do so, we need to examine the sign of the discriminant of the cubic

3 2 3 2
equation which is 2 g;?l’y _;7')7 ) (4— 27"3%'{?17_)7 )). If the discriminant is negative, then there is 1 real root (j = 0) and 2

128~(1+7v)
27(4+4~v—~?%)

1 ..
complex conjugate roots (j = 1,2). If the discriminant is positive, n < ( ) 3, then there are three distinct real
roots.

Second, we check if these roots are compatible with Region 1 conditions. In the analysis of Region 1. So, when we

224377

are analyzing Region 1, parameters of interest are: v > 0 and o, < oy < agy or equivalently 0 <n < §4367456,242977°

So, all three roots are real for parameters that are in Region 1.
Finally, we need to ensure that the roots are in Zone 1, i.e., pg > pg +2A. Below, we show that the first two roots

(j=0,1) fail to satisfy this condition and that the third root (j = 2) satisfies this condition only if ap < agyg.
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Putting all the analysis of x; together, we will see that only x; satisfies all the conditions, and therefore we have:

pa—pp = 25
_ _ 3 A2
=2WM[12005<;arccos<l+27 (ap —ap) (4+4y 7))%>}A

2+3y)(ay —ap) 2 329(1+ 7)o +ag — 1) 3
PatPB _ 1 n (ag — aL)3 _ 1 Y(ayg — ar)
2 22+7) 41+ N2 +NPa—pp)? 22+7) 160 +N2+7)(zp)

Equilibrium prices in ag7 < ag <1 : In this case, we are in zone 2, meaning that sellers can identify the true

demand state for any realization of €. Accordingly, they set their first period prices to maximize their first period

profits only, i.e., equal to the prices in which the platform shares information, giving us ps = % and
— 294+Q+)Q—an—ar)
PB= "2y

Summary of the equilibrium (information sharing with seller A only): Now that we have characterized equilibrium
prices in each region, we summarize them in this section.

For oy < ag < apys we have a unique pure strategy equilibrium (p4, pp) given by:
A A A _ A
DP4a1 =D +ZQA, Pp1=D] —ZQA
where:

a_ 1 ~y(ag —ar)
L7202+ " 160+ + Y(zp)?

_ Hyegta - [, 1 LY (ag—ap)’@G+4y =D _zhr)}
Z/’L"‘(2+3v)<ozHam[l 2C°S<3mc°s( S S an sar—1F) "3

For agyy < ay < a7 we have no pure strategy equilibrium. In fact, for ag € [ays, apgg] we are guaranteed that there

el

exists no pure strategy equilibrium. For ay € [ags, ag7] — [ags. age] we may have an equilibrium.
For 1 > ay > ay7 we have a unique pure strategy equilibrium:

= 29+ Q2 +y)(ay +ar) . 29+ 2+72—-ay—ar)
Al 20+7)2+3y) Bl 22 +7)(2+37)

Note that z[“} > 1 for oy, < ay < ayy, meaning that the price difference pﬁ 1~ p‘g = 221‘;‘ > 2/, and therefore, sellers

may or may not identify the true state of the demand depending on their demand observation. In the remaining regions
we have zg < 1 meaning that the price difference pﬁ,l - p‘g’l = 2z? < 2A and therefore, sellers easily identify the true
state of the demand independent of their demand observation. Based on their demand learning as described, they will

set their second period based on Eq. (EC.2.1)) or (EC.2.20).

Designing subscription fee under regime A: Based on Table [EC.2.1] the following two incentive compatibility

constraints should be met. First, given seller A subscribes to CIS, seller B has no incentive to subscribe:
(1 = By (Pg.PR) > (1 = Bymefy (P35, PAP) — o

Or, equivalently;

o~ Sy= (1 D[ty (PAP. PA%) — o (P )] EC225)

where Sg indicates seller-B’s surplus by not subscribing to CIS service. Second, given seller B’s decision not to subscribe,

seller A has an incentive to subscribe:

(1= Byrda (P4, PY) — ¢ > (1 — Byml,, (PR, PY)
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Or, equivalently;
¢ +84 = (1 = B)[nu (P PY) — 2, (PO, PY)] (EC.2.26)
From Figure[EC.2.T1] two possibilities emerge:
o ay € [o/g,B,a}kJ]: In this case, we have ﬂéf% (P‘?BB,PQB) < w‘é (P’g,Pg). First of all, constraint can
be met for any ¢A > (0 while Sg =1-7) [ﬂ-élB (P‘g,Pﬁ) 7rA (PAB,PQB) ] > (. This means that seller B has no

incentives to subscribe, even if ¢** = 0, since her profit without subscription is higher than that if she subscribes. However,

constraints (EC.2.26) can be met only if gbA <{1- 5)[7r‘éI A (PA PA) 7TC|A (PE)\,P%)]. Therefore, the feasible set of
subscription fee includes ¢ € 0,(1— B)[wélA (Pﬁ,P‘g) - 7rC| A (Pg, Pg)]], while at optimality we have

¢'=1-p) [ﬂ’éIA (PAng) - W?M (P%,Pg)}
$4=0
$h= 01— B[ (e (Ph.PR) — minu (PR, PR)) + (wéip (P, PR) — wif (P35, PAP))]
o oy < o4B: From constraint any subscription fee ¢ > 0 is feasible, while constraint puts

an upper limit for the subscription fee ¢*. Given the fact that the platform aims to maximize the subscription fee, at

optimality we have:
¢ = (1= B)[ru (PR, ) — nloy (P, PY)]
S4=0
Sh= 00— B[ (e (PA.PR) — 7o (PR PR)) — (w&fh (PRP. PAP) — mdip (P PY))]

Figure EC.2.11 Feasibility conditions to induce regime J=A (y=1, a; =0.6)

an

nf — i

Consumer Surplus under J = A: Under regime J = A, deriving consumer surplus follows the same logic in / =AB

and J = (: it is the expectation of consumer surplus from seller A and B in two periods under different demand states.

Therefore, we can write it as follows:

en| Y Y=Y ¥ %

ic{A,B} 1€(1,2) i€{A,B}1€{1,2) Oc{H L)

(d(6)*
4(1+7)

where d;-‘}t(O) is derived with optimal prices under regime J = A in each period ¢ € {1,2} for seller A and B as characterized

in §EC2.8
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While the consumer surplus can still be expressed for each regime, comparing cs?, csAB, and cS* analytically
becomes intractable. Accordingly, we numerically evaluated these quantities for a benchmark case (a7, = 0.65) as shown
in Figure This figure shows the contour of cs? — csA. Since in é we showed that CS? > CSAB, we only
need to compare CS? and CS* to get the consumer surplus choice. We created 10000 test cases by varying parameters
in the following ranges: oy =0.65, oy, < ag < 1 with 0.0035-length steps, and 0 < v < 30 with 0.3-length steps. The
computational part has been done using a device with following specifications: 11th Gen Intel(R) Core(TM) i7-11370H,
3.30GHz (3.30 GHz), and MATLAB Software, version R2023b.

Figure EC.2.12 Consumer Surplus Comparison under J € {A,0}, a; =0.65

30

0.15

25

20

10

0.65
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EC.2.9. Proposition 9

Proof of Proposition 9: Since we showed that regime J = B is not implementable in Proposition 7 (§JEC.2.7), in this
section we compare prices in regimes J € {AB, A, (}. Previously, in §EC.2.6] we showed that:

0 Z’yA

PAL — PR = S g3y 3 A1 20 and gl —p =

2vA
-_— ,7,2)—3]1<0.
302+ 37) [k(n,7,2) = 3] <
Now, recall that we defined

arccos (— 1+ 27(12;77)"3) — 47
/f(n,'y,Z)zleCos( 3 i )

27(4+4y—~Hnd
(arCCOS ( — 1 + W) _47'(')

3

ka(n,v,2)=1—2cos

We can see that k4 (n, y,2) > k(n,7,2) and recall that we have already established 2.7932 < k(n,,2) < 3 in Region
1,1e., oy <ag < ayp. Accordingly, we have the following comparison across average first period prices in different

subscription regimes.

P+ _Paa "‘1’%,1 __ L
2 2 22+7)
0 L0
PhatPpy  PaitPpi _ 9nQ4+39’Qap -1
2 2 6443 (0,7, (1 + Y2+ —n) —
0 0 B B
PaitPp1 PALtPE1 96+ (an —an)
2 2 329(1 + N2 +7)K; (1,7, 2)

oy . L .
Letp/ = % denote the average first-period price in regime J. Then, we get:
A =AB _ -
p>p = Pm .

Also, for first period price differences, we have the following comparison across different subscription regimes.

ag+ap —1
—_— 2)— 2
a5y A0 D~ k(7. 2)] >0

(ag +ap, — D3 - k(n,7,2)]
>0
6+9y

A 1] 0
Va1 —171;},1) — (a1 —Pp1) =

AB _ AB A A
Va1 —PB1) — Way —P1) =
which implies the following ranking of first-period price differences between the sellers:

B 0
28>
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EC.2.10. Proposition 10

We have discussed about platform preferences between regimes AB and () in Also in we showed
that regime J = B is not implementable. In this section, we will compare J = A versus J = (), and J = A versus J =AB to
get the full equilibrium structure.

Proof of Proposition 10: We first show that platform prefers J = A over J = () and then compare platform profit

between J =AB and J = A. To show that 77/3 > 77%, we have to find the sign of the following function:

(20— D 200 (an, ). ) + ot ar). 7))
9216(2 + 3722 +2(y + D21 — m)2[32y(1 + K] — I3 (4 + 4y — )| s}

Moreover, we have k = k(n,7,2) as in Eq. (EC.2.10), k4 = k4(n,v,2) as in Eq. (EC.2.24), and n = %

Note that Wg — w% > 0 if and only if 2a7 v (n(ay, ar),y) + Yo(n(ay, ar),v) > 0. A detailed analysis can show

0 _
ﬂé—“o—

that v;(n(ay, ar),y) can be positive or negative in Region 1. Consequently, if v (n(ay, ar),v) > 0 we have that
20 v1 (e, ), ) Y0l ap),y) > 2571 (o, a), v) + Yoo, ar), ) = Y1 (e, o), y) + Yoo, a), ).
On the other hand, if v;(n(a g, ar),v) < 0 we have that 2a; v (n(ag, ar),v) + Yo((ag, ap),v) > 271 (n(ag, ar),v) +
Yo(n(ag,ar),v). As the final step, we illustrate in Figure m both 2vi(n(ay, ar),y) + yo(n(ay, ar),7y) and
Y1 (n(ag, ar),y) + yo(n(ag, ar),y) are positive for all n and v in Region 1, indicating that ﬂ‘g > 77?).

Figure EC.2.13 Platform profit comparison under J=A and J = {).

2
(a) Sign of (b) Sign of
(1,7 + (1, 7y) 2v1(n,y) +v0(n, )

Platform Profit Comparison between J = AB and J = A: First of all, from Proposition 2, inducing regime J = AB is not
feasible when oz?IB < apg. This readily means that when a?IB < aj; (i.e., in Region 1), then platform chooses J = A as

offering CIS to both sellers is not even possible. Now, in what follows, we assume ay < a’?IB .

AngA — ﬂ_ng _ 77‘3

2
n“QRarp—1)
= Ay(kasromag + Ay(an s
10242 + 721+ 2rk (= 1P 4 3y [ s+ Aalian.m

where Aj(ka,7,n) and Ay(k4,7y,n) are omitted due to space limitations but is available from the authors upon request.
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Moreover, we have k4 = k4(n,7,2) as in Equation , and n = % Note that WéB - Wé > 0 if and
only if Ay(k4,7,n)ar + Ay(Ka,7,n) > 0. A detailed analysis can show that Aj(ka,7,n) > 0 while Ay(k4,7,7) <0in
Region 1. Figure[EC.2.T4]shows the behaviour of these two functions across all feasible demand parameters in Region 1.
Note that, one can verify that 5‘;—"}{ > 0. Therefore, for a given % < ap <1, nincreases as ay increases. Consequently,
as appeared in Figure both A{(k4,7,n), which is positive, and Ay(ky4,7,n), which is negative, decrease at
the same time. Therefore, there exists a threshold, namely a‘IAQ,B_’A, such that the sign of Aj(k4,7, n)ay, + Ar(ka,7y,n)

change from positive to negative.

Figure EC.2.14 Platform profit comparison under J=AB and J =A.

~Lx 10

-2.x10

-3.x 10

-4.x10'

(a) Sign of Aj(k4,v,n) (b) Sign of Ay (ka,y,n)

The summary of equilibrium subscription fees, first- and second-period prices, and belief-updating rules are charac-

terized in Table [EC.2.5|
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Table EC.2.5 Characterization of Equilibrium Decisions Under Each Region
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EC.3. Further Details for the Model Extensions

In addition to the analytical results derived in the main model, we examined four cases to test the robustness of
our findings: (i) heterogeneous seller costs and (ii) state-dependent total market size, (iii) non-uniformly distributed
demand noise and (iv) correlated demand noise. In each case, we conducted extensive numerical studies to investigate
the model’s behavior under these conditions. The details of each simulation model are provided below. All simulations
were run on a device with the following specifications: 11th Gen Intel(R) Core(TM) i7-11370H, 3.30GHz, Python
version 3.9.13, and RStudio version 2024.12.0+467.

EC.3.1. Heterogeneous Marginal Costs

To derive the self-learning criterion for sellers under heterogeneous marginal costs, we follow the same procedure as
in the base model. The only difference is that seller A’s prices must also satisfy the constraint p4 ; > c4. This condition
does not alter the learning scheme for sellers. However, deriving a closed-form equilibrium solution remains to be
intractable. Therefore, we conducted extensive numerical studies to analyze how the model’s behavior changes under
this setting. For Figure 8 in the paper, we created 2,700 test cases with the following parameters: a7 =0.8, af < ay <1
in increments of 0.01, 0 < < 10 with an average step size of 0.25 (because results are more sensitive at lower values
of 7, we used step sizes of 0.1 for 0 <~y <4 and 1 thereafter.), and seller A’s cost values c4 € 0,;0.05,;0.1. We chose a
higher o in this case because an increase in ¢4 disadvantages seller A, and we wanted to capture a broader range of the
model’s behavior.

In addition to the figure reported in the main paper, we also conducted a more detailed simulation across different
values of seller A’s cost, presented in Figure[EC.3.1} For this simulation, we generated 2,160 test cases with the following

parameters: oy, =0.8, a7, < ay <1 in increments of 0.005, v =1, and seller A’s cost 0 < c4 < oy with an average step
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size of 0.015. Because results are more sensitive at lower values of ¢4, we used step sizes of 0.005 for 0 <c4 <0.1,
0.01 for 0.1 < ¢4 <0.2, and 0.025 thereafter.

At high values of cy4, seller A must raise her price to such an extent that remaining in the market is no longer profitable.
As a result, seller A exits the market, and the problem reduces to a single-seller learning setting. Because of these

fundamental changes, in the main paper we restrict attention to cases where both sellers remain active in the market.

EC.3.2. State-dependent total demand

In this section we consider state-dependent total demand. Previously, total market available to sellers under both
High and Low demand states was equal to 1. We relax this assumption in this section.

Model and First Best Solution: Total market size is now random. Demand in period = {1,2} is

dapaspBs) = aa(0) —pas+2ev(pps — pas) (EC.3.1)
dp(pasPBr) = ap(0) —pp;+2€(Pas —PB) (EC3.2)
If 8 = H, then ay(H) = ay and ag(H) =1 — ay and if @ = L, then as(H) = (o and ag(L) = ((1 — o) where

11:70065 < ¢ < 1. The first inequality 11:3’2 < ( guarantees that @ = H is still the preferred case for seller A and that

6 = L is still the preferred case for seller B. We still assume that ag > ap > % and that the random noise over the two
periods, i.e., €] and €, are independent and both are uniformly distributed over [0, 1]. Denote now oy = %aH + %CO(L
and ap = $(1 — ap) + 31 — ap).

The first best solution in this case will be derived with the same rules in

b _apg+Cap+y(1+0) b _l-ap+Cd—-a)+y(1+0)
Al 4(1427) © Bl 4(1 +27)
AB Regime: The analysis for AB regime with state-dependent total demand is similar to our base model. If platform

shares the information with both sellers, then in the first period, sellers compete and set the prices based on the mean

demand state and in the second period they will set the state-dependent prices.
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Figure EC.3.1 Equilibrium Structure with State-Dependent Total Market Demand, o; =0.6,v=1
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No-CIS Regime: Suppose now that the platform does not share information with sellers. Each seller observes
its own sales only. We identify the impact of the first period decisions on the second period information state of the
sellers. For expositional brevity, we drop the time index and let (p4,pp) denote the first-period prices of sellers A and B,
respectively. There will be no need to use the second period prices for belief updating.

Belief updating by seller A: Let S4 be the sales observed by seller A at the end of the first period. seller A knows
that these sales come from ay — pa +2v€1(pp — pa) or Cay — pa + 2ve€1(pg — p4) but she does not know which one.
However, in some situations seller A can deduce the real value of a and €;. When seller A only observes its own sales,
there are three possibilities: seller A identifies @ = H, seller A identifies @ = L, seller A cannot identify the demand state.
In the following, we derive the probability distribution of each outcome.

Case I: pp < p, Figure facilitates our discussion for the case where pg < p4. The probability of each state can

be derived as follows. If @ = H, then seller A can identify this if sales Sy is sufficiently high, i.e.,

Pr{@s=H|0 =H}=Pr{Ss > (o —pa|0 =H)

=Pr{ag —pa+2ve1(pp —pa) > Cap —pal
20,
PA —PB

=Pr{e; <

PA—PB
If 8 = L, then seller A can identify this if sales Sy4 is sufficiently low, i.e.,

where A = a”%v@“. Accordingly: Pr{6, = 8|0 =H} = Pr{ 281 < ).

Pr{0s=L|0=L}="Pr{Sy <ay—pa+27(pps—pa)|0=L}

=Pr{Ca; —pa+2ve1(pp —pa) < ag —pa +2v(pp —pa)}
Aq
PA —PB

=Pr{l —

<er}

and accordingly, Pr{6, =6|0 =L} = Pr{e; <1— pjézlag ).

Figure EC.3.2  Possible demand realizations for seller A for pg < pa.
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any realization of €. If on the other hand, op, —ps > oy —pa +2v(pp —p4) (if and only if 1 >

), then seller A can identify the value of true o for

240 .
Pr—pp ), then there is

always sufficient noise in the system such that the seller cannot automatically identify the ture demand state. Based on

If Cap —pa < apg —pa+27v(pp —pa) (if and only if 1 <

this, the posterior beliefs of seller A on 6 by the end of the first period (following Bayesian updating) are as follows:

Pr{@=Hand 0, =0}
Pr{fy, 25}

Pri0=H|0,=6}=
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B Pr{0,=00=H}}
 Pr{04=010=H}}+Pr{6,=010=L}}

[1 ap—Cay }1
2v(pa—pp)1 2

- Bimli+ 1= 5 5h1

1

2
In other words, if seller A cannot identify the true value of «, then the posterior distribution is identical to the prior.

Case II: pg > ps If 0 = H, then seller A can identify this if sales S4 is sufficiently high, i.e.,

Pr{6s=H|0 =H}=Pr{Sy > Coy —pa+2v(pg —pa)|0 =H}

=Pr{l— <er}

PB— DA
and accordingly, Pr{f, = §|0 =H}=Pr{ie <1-— pié}'}A }.
If @ = L, then seller A can identify this if sales Sy is sufficiently low, i.e.,

Pr{6y=L|0=L}=Pr{Sy <ay—pal@=L}
2A
PB—DPA

=Pr{e <

and accordingly, Pr{0, = 5’0 =L})= Pr{pZA;)A <er}).
24

If af —pa+27(pp —pa) <ag —pa (ifand only if 1 < e

), then seller A can identify the value of true « for any

24,

realization of €. If on the other hand, (ay —pa +2v(pp —pa) > ag —pa (if and only if 1 > Ds—Dn ), then there is

always sufficient noise in the system such that the seller cannot automatically identify the value of true «. Based on this,
we can now write the posterior beliefs of seller A on 6 by the end of the first period.
Pr{@=Hand 0, =0}
Pr{f, =0}
B Pr{0,=00=H}}
C Pr{0,=010=H}}+Pr{6,=010=L}}

Pri0=H|0,=6}=

[1 ag—Car }1
2y(pp—pa)d 2

- BT+ 1 - e

1

)
In other words, if seller A cannot identify the true value of «, then the posterior distribution is identical to the prior. In
other words, if seller A cannot identify the true value of «, then the posterior distribution is identical to the prior.

Belief updating by seller B Through a similar analysis, we can show that for p4 > pp we have:

2A - -1
Pr{@p=H|0=H}=Prie < V= Prie, < 2 Car, +<}
PA —PB 4~
PA —PB
Pr{03=§’0=H}= Se]}
20,

Pri6p=06]0=L}=Prie; <1— )
PA —PB
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Also, if py < pp the analysis is similar.

Posterior beliefs: Figure [EC.3.3|provides an illustration of the posterior distribution for all possible realizations of a
and € for the given first period prices (p4,pp). For ¢ < 1, we can look at the first period price decisions in two regions:
(1) Ipga —ppl <2A5 and (1) 2A, <Ips — pgl. If Ipg — pgl < 2AA,, then both sellers identify the true state of the demand
simultaneously - we refer to this as co-learning. However, if 2A, <Ip4 — ppl, then it is possible for seller A to identify
the true state of the demand alone. In other words, depending on the realization of noise €1, it is possible that both
sellers identify the true state of the demand simultaneously or only seller A learns the true state of the demand, or they
are both in the dark. This region clearly provides an advantage to seller A and in addition to choosing p4 in this range,
seller A can adjust p4 to increase the probability that it only learns the true state of the demand, which we refer to as
signal jamming.

The key observation, in comparison with the case of ¢ = 1 in Figure[EC.3.3]is the following. In our base case ¢ =1,
seller A and seller B were purely co-learning regardless of the pricing decisions. The implication of this was that sellers
are not capable of signal jamming under the no information sharing scenario. For ¢ < 1, there exists an opportunity for
seller A to signal jam even under no information sharing scenario. Our numerical investigation, presented in the main
manuscript, illustrates that there are problem parameters under which the equilibrium prices satisfy 2A, <Ips — pgl,
i.e., signal jamming occurs even under the no information sharing scenario and is detrimental to all parties.

Figure EC.3.3 Demand learning for each seller Based on the possible demand realization, A = 0‘”4_7,50“ and
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Ap=~—=F -
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|
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Comparison and Equilibrium: Since the equilibrium analysis is analytically intractable, we conducted extensive
numerical studies and simulations with the following specifications to derive the equilibrium for state-dependent total
demand. For Figure 9 in the paper, we created 2,400 test cases with the following parameters: oy =0.8, af < ay <1lin
increments of 0.01, 0 <~ < 10 in increments of 0.25, and ( € 0.6,0.8, 1.

In addition to the figure provided in the main paper, we also performed more in-depth simulations across different
values of total market size under the low-demand state. The results are presented in Figure [EC.3.4] For this simulation,
we considered 2,160 test cases with the following parameters: oy = 0.8, oy < ay < 1 in increments of 0.005, v =1,
and 0 < ¢ < 1 with an average increment of 0.025. Because the results are more sensitive for mid- and high-range
values of (, we used uneven step sizes: 0.1 for 0 < ¢ < 0.7, 0.02 for 0.7 < < 0.9, 0.01 for 0.9 < <0.95, 0.005 for
0.95 < ¢ <0.99, and 0.001 for values above 0.99.
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When total market demand is state dependent, the equilibrium regions change. In addition to the AB and A regimes, a
no-CIS regime also emerges in equilibrium. In the base model (where ( = 1), the equilibrium is characterized by an oy
threshold: above this threshold, regime A dominates AB; at an even higher threshold, sellers can independently identify
the true demand state, and regime () becomes the equilibrium. Regime B, however, never arises.

However, as Figure @ illustrates, when state-dependent total market demand is introduced, the no-CIS regime
emerges in the transition between the AB and A regimes. This occurs because, under state-dependent total market
demand, there is a possibility that only seller A learns the true demand under no-CIS regime. Consequently, within a
certain range (after the a’}le threshold), seller A can identify the demand without subscribing to CIS, leaving her with
no incentive to join. In this case, regime () effectively behaves like regime A. As ay increases further—widening the
first-period price difference—the equilibrium shifts to regime A, as in the base model. This outcome is also consistent
with the changes in belief updating shown in Figure[EC.3.2] When the first-period price difference is moderate, only

seller A is able to learn the true demand.

EC.3.3. Non-Uniform Noise Distribution

In the base model we assume that the demand noise follows an uniform distribution (¢; ~ U[0, 1]). For this part, we
consider non-uniform demand noise, wtih beta distribution over different parameters («, 5) values. Particularly, we
have considered four cases shown in Figure 10 in the paper. We created 2800 test cases by fixing oy = 0.65, varying
ay from oy to 1 in increments of 0.01, varying v from 1 to 10 in increments of 0.5. We considered the following beta
distribution parameters values («, 3) € {(2,8),(5,5),(1,1),(8,2)}. We produced random numbers from beta distribution
using scipy.stats package in python. To determine equilibrium prices and identify the best response in each case, we
searched seller A’s price range with a step size of 0.01 and seller B’s price range with a finer step size of 0.005. The

results are presented in Figure 10 in the paper.

Figure EC.3.4 Equilibrium Structure with State-Dependent Total Market Demand, o; =0.6,v=1

Ag

N

A\

ay




E-Companion: The Impact of CIS on Online Marketplaces EC 46

EC.3.4. Correlated Noise Distributions

In the base model, there is zero correlation between periods and full positive correlation between sellers within each
period. In this section, we extend the analysis by considering non-uniform noise across sellers with varying correlation
values. Specifically, in each period, the demand noise for sellers follows two correlated truncated normal distributions
(bounded between 0 and 1). To generate random numbers from this distribution, we relied on the results of Manjunath
and Wilhelm (2021), who also provide an R package for simulating doubly truncated multivariate normal random
variables and their associated probability density functions. Using this package, we generated random numbers for
correlation values {—0.5,0,0.5,0.9, 1} with seed value set as 918. Since the range of the final variable must lie between O
and 1, we set the mean at % and the standard deviation at o = % to capture a substantial portion of the normal distribution.
We constructed 763 test cases with 100 scenarios each by fixing oy, = 0.65, varying oy from oy to 1 in increments of
0.015, varying v from 1 to 8 in increments of 1, and considering correlation values p € {—0.5,0,0.5,0.9, 1}. For each
distribution, we discretized into 10 values, assigning to each value the total probability density of its corresponding
10-percent bin. This procedure yielded 100 combinations with corresponding marginal utilities for each parameter set,
allowing us to compute expectations. To determine equilibrium prices and identify the best response in each case, we
searched seller A’s price range with a step size of 0.01 and seller B’s price range with a finer step size of 0.005. The
rationale for using larger steps for seller A is that she has a higher market share, and therefore, on average, her prices are

higher than seller B’s. The results are presented in Figure 11 of the paper.
EC.4. Non-uniform and Correlated Noise Distributions

This appendix provides the full analysis underlying the robustness checks summarized in Section[6.3]

EC.4.1. Non-uniform noise distribution

In the baseline model, we assumed that €; follows a uniform distribution on [0, 1]. In this section, we relax this
assumption and consider non-uniform cases by modeling €; with a parametrizable beta distribution, €; ~ Beta(a, 3).
Since the beta distribution is bounded between 0 and 1, it provides a flexible way to capture different distributions
between 0 and 1. By varying « and 3, we examine right-skewed (o = 2, 5 = 8), left-skewed (o =8, 3 =2), and two
symmetric distributions: the uniform case (o« = 1,8 = 1) and a more concentrated symmetric case (o = 5,3 =5).
Figure [EC.4.1] presents the results.

Note that the uniform distribution (o« = 1, 5 = 1) corresponds to our baseline model. For benchmarking, we replicate
this case in panel (c) of Figure [EC.4.1] above and focus our discussion on how equilibrium regimes change as the
distributional shape varies. Increasing both o and /3 from 1 to 5 preserves the mean of €; at % but reduces its variance.
Comparing panels (b) and (c) of Figure [EC.4.1] we observe that when €; becomes more concentrated around its mean,
the equilibrium region associated with regime AB shrinks. This is intuitive: as demand noise diminishes, the need for
information sharing between both sellers declines.

We next consider the two asymmetric cases. In the Right-skewed case (Figure [EC.4.1]a)), the mean of €; shifts
toward 0, which reduces demand noise. Consequently, the equilibrium region for regime AB contracts further, as sharing
information becomes less valuable. In contrast, in the left-skewed case (Figure @Kd)), the mean shifts toward 1,

amplifying demand noise. This has two effects. First, the equilibrium region for regime AB expands. Second, unlike the
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Figure EC.4.1 Equilibrium information regimes under different demand shock distributions, ¢ ~ Beta(a, 3).
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baseline model where regime A always dominates regime (), we now observe that the platform sometimes prefers regime
() over both A and AB. The intuition is that although the mean shifts toward 1, the distribution is also more concentrated
than under the uniform case, which reduces the overall uncertainty. Under these conditions, if the platform induces
regime (), sellers can still learn the true demand state from their realized sales. As a result, regime () emerges as an
equilibrium, particularly when o is moderate and 7 is relatively low, both of which enhance sellers’ ability to learn

demand.

EC.4.2. Correlated noise distribution

We now analyze how correlations between €4 and ep (random shocks faced by seller A and seller B, respectively)
shape the equilibrium regimes. To capture varying degrees of correlation, we model €4 and eg using a truncated

multivariate normal distribution with mean centered at 0.5 and variance-covariance matrix X given by X = o2 0 f ,

where o2 captures the variance around the mean and p € [—1, 1] controls the correlation between €4 and €g. As p
approaches —1 (resp. +1), the demand noise between seller A and seller B becomes more negatively (resp. positively)
correlated. We consider three values: p = —0.5, p =0, and p = +0.5. We also present p = 0.9 as a benchmark for the
baseline model. The equilibrium regions are displayed in Figure EC.4.2]

As shown in Figure equilibrium region J = () emerges as the equilibrium information-sharing regime in
the upper-right part of the parameter space (where both ay and ~y are high). The rationale for this outcome lies in the
changes to the demand learning stage when the degree of correlation between demand shocks decreases. Specifically, as
correlation weakens, the signals observed by the sellers diverge, leading to asymmetric learning outcomes.

Interestingly, when demand correlation is low or negative, two new cases arise: (i) seller A learns the true demand
state while seller B does not, and (ii) seller B learns while seller A does not. Both cases induce signal-jamming behavior
between the sellers. However, the consequences for the platform differ: when seller A engages in signal-jamming, it
raises prices, which benefits the platform, whereas when seller B engages in signal-jamming, it depresses prices, which
harms the platform.

In the upper-right region of the parameter space (where oy is substantially larger than «y ), the platform benefits

on average from seller A’s signal-jamming. Consequently, regime J = () becomes the platform’s preferred equilibrium.

aH
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Figure EC.4.2  Equilibrium information regimes under correlation (p) between sellers’ demand shocks (e4,€p).

(a) Negative Correlation (b) Zero Correlation (c) Positive Correlation (d) Positive Correlation
(p=-05) (p=0) (p=05) (p=09)

€p

€a

ay Ay

By contrast, as ay decreases, seller B’s signal-jamming becomes too costly, prompting the platform to intervene and

induce information sharing with seller A.
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