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Introduction

Platforms in the modern economy play an important role in providing consumers with information about potential trade opportunities. For instance, online travel agencies (OTAs), such as Booking.com or Expedia, are an essential tool for travelers to discover hotel o↵ers. Marketplaces, such as Amazon, inform buyers about existing sellers, allowing for trades that would otherwise be elusive. A similar informational role is played by ride-sharing platforms (such as BlaBlaCar), food delivery apps (such as DoorDash or Uber Eats), and many other matching platforms (such as those for booking restaurants, hiring babysitters, or finding a caregiver).

Most of these platforms operate under the agency model, according to which sellers are free to set prices, but are charged by the platform a commission per transaction. These commissions are often substantial: For instance, on Amazon Marketplace, professional sellers pay on average 15% per sale, whereas in Booking.com the average fee ranges between 15% and 25%, depending on property type or location. Apple charges 30% in its App Store (for music, apps, and e-books).

A crucial challenge for this business model is the possibility of show-rooming, whereby consumers use the marketplace to find their preferred seller, but then switch to the direct channel to obtain a discount (made possible by the fact that the seller then avoids the platform's commission). To prevent this practice, many platforms adopted price parity clauses, which restrict the sellers' ability to charge lower prices on alternative sales channels. [START_REF] Aguiar | Platforms, Promotion, and Product Discovery: Evidence from Spotify Playlists[END_REF] These covenants are widespread in the ecommerce and lodging sectors, but have also been applied to other industries such as entertainment, insurance, digital goods, and payment systems. In other cases, platforms imposed "anti-steering provisions," limiting the sellers' ability to inform buyers of alternative sales channels, or outright suppressing direct selling by firms (e.g., Apple's App Store).

Platforms claim that price parity (or anti-steering) is essential to their business, as it curbs opportunistic behavior. [START_REF] Anderson | Discrete Choice Theory of Product Di↵erentiation[END_REF] By contrast, competition authorities and consumer associations often regard these practices as the source (or, at best, a reinforcer) of platforms' market power, enabling them to levy high commissions. [START_REF] Bénabou | Bonus Culture: Competitive Pay, Screening, and Multitasking[END_REF] In line with these concerns, European competition authorities have reached important decisions on price parity clauses over the past years. Currently, all types of price parities are forbidden in France, Italy, Belgium, and Austria, whereas in other countries they are prohibited only for certain OTAs (HRS and Booking.com in Germany, Booking.com in Sweden). In the US, Amazon recently decided to remove the price parity clause from its contracts with third- [START_REF] Aguiar | Platforms, Promotion, and Product Discovery: Evidence from Spotify Playlists[END_REF] These clauses also prohibit sellers from o↵ering more availability or better conditions on alternative sales channels. [START_REF] Anderson | Discrete Choice Theory of Product Di↵erentiation[END_REF] In line with this concern, Hunold et al. (2018) used metasearch data to show that hotels charged the lowest price

Model and Results

In our baseline model, we consider a monopolist platform that charges sellers a fee per sale. Our starting observation is that the platform greatly expands consumer information about market o↵ers, augmenting each seller's potential demand (which is the set of consumers who consider the seller when making a purchasing decision). To capture this idea concisely, we assume that a firm listed on the platform becomes part of the consideration set of all consumers in the market. Conversely, if a firm does not join the platform, its potential demand consists of a much smaller set of consumers: those who know the firm from other sources (such as friends, or a previous purchase). The platform also adds convenience to transactions, what makes it the preferred sales channels by consumers (vis-à-vis direct purchasing from sellers).

Under price parity, the platform leverages on consumers' (lack of) information and firms' headto-head competition to levy high commissions. The equilibrium fee is chosen to leave each firm indi↵erent between (i) delisting from the platform, facing a much reduced potential demand, but competing with lower marginal costs than all other firms (who pay the platform's commission), and (ii) remaining in the platform, enjoying a much expanded potential demand, but competing with all other firms under no marginal cost advantage.

Crucially, the platform's market power stems from a contractual externality (Segal 1999) that listed firms impose on the non-listed ones. Namely, if a firm decides not to join the platform, it faces a world where all consumers who consider that firm also consider all competing firms listed on the platform. This makes the non-listed firm face a degree of competition (among its potential customers) much higher than in a world where no platform is available. This reduces profits outside of the platform, and induces firms to accept paying high commissions. On the aggregate, firms might pay in commissions substantively more than the profit gain generated by the platform's service.

Consumers may also be hurt; as prices may increase more than the gain from enjoying better market information.

In light of this market failure, we consider regulation capping the platform's fee per sale. We first consider mature markets, in which the platform expands the consideration set of existing customers, but does not increase aggregate sales. If the regulator is utilitarian (assigning equal weights to the consumers' surplus, firms' profits, and the platform's profits), the optimal cap takes a familiar form: It equals the expected externality that the platform imposes on other market participants. This rule makes the platform internalize the e↵ect that technology improvements have on consumer and firms. Accordingly, the platform only invests to improve technology (and garner market power) if the cost of doing so is less than the sum of convenience and informational benefits it generates. This Spotify, for instance, claimed that Apple's commission and other App Store policies contributed to steer consumers towards Apple's own music service. Similar complaints were raised by other media services and app developers, forcing Apple to revise some of its policies. For example, for developers that earn less than $1 million in annual revenue, Apple has reduced its commission to 15%.

Pigouvian rule has similarities to the "tourist test" regulation adopted in the payment industry; [START_REF] Chen | Price-Increasing Competition[END_REF] the main di↵erence being that the contribution to welfare generated by the platform is essentially informational in our setting, as it enables consumers to realize purchases of much higher (match) value.

Assuming consumers' demand takes the logit form, we illustrate our findings in an application to OTAs. Namely, we evaluate by how much a dominant OTA needs to expand consumers' consideration sets (relative to alternative ways of gathering information online) so that the current average commission meets the utilitarian cap. In a plausible scenario, [START_REF] Clark | The E↵ect of Advertising on Brand Awareness and Perceived Quality: An Empirical Investigation Using Panel Data[END_REF] we find that a 25% commission fee does not exceed the utilitarian cap only if the platform at least triples hotels' potential demands. If the welfare measure does not include platforms' profits, but only producer and consumer surplus, the optimal cap is tighter, as the platform would need to multiply by six the hotels' potential demands.

In light of other sources of information easily available on the Internet (e.g., Google), this suggests that regulation capping commissions might bind in some markets, if optimally set.

We then study expanding markets, for which the platform brings in new consumers, increasing aggregate sales. In this case, firms may gain from the platform's service, as increased competition for each consumer is accompanied by more sales for all firms. Moreover, the industries that are the most competitive absent a centralized marketplace are the most likely to gain from improved market information, as demand expansion trumps the increase in competition. This is in contrast to mature markets, where the platform raises competition and marginal costs, but does not expand demand, rendering firms necessarily worse-o↵.

Perhaps counter-intuitively, holding constant the size of firms' potential demand, the optimal cap may decrease as we move from mature to expanding markets. The reason is that, for the same potential demand, the expansion of consumers' consideration sets is lower in expanding markets, which explains the tighter cap. For instance, considering again the logit setting, the platform should now quadruple hotels' potential demand for a 25% commission fee to meet the utilitarian cap. [START_REF] Crémer | Competition Policy for the Digital Era[END_REF] The adoption of a specific demand model allows us to obtain quantitative insights about the optimal cap, at the peril of perhaps assuming too much about the distribution of consumers' tastes.

In alternative to the logit specification, we follow Gabaix et al. (2016) in applying techniques from extreme-value theory to isolate the key features of the demand model that matter for policy.

Namely, in the context of random utility models, we show that the consumer's informational gain from considering more firms is asymptotically equivalent to the firms' profit margin multiplied by a factor which is proportional to the relative expansion of consumers' consideration sets. The formula that we obtain is simple to use and leads to conclusions similar to those obtained under logit demands.

Finally, we evaluate two alternatives to cap regulation: an outright ban of price parity, and a relaxation of the latter under competition among platforms. If consumers can seamlessly switch to the sales channel with the lowest price, banning price parity is outcome-equivalent to capping the platform fee at the convenience benefit of a transaction. This cap is ine ciently low, be the market mature or expanding, as it prevents the platform from appropriating (any of) the informational (ex-ante) benefits it generates. If the platform enjoys some market power in the absence of price parity, the "equivalent" cap exceeds the convenience benefit, but in general di↵ers from its welfaremaximizing level.

We also find that, as consumers single-home in equilibrium, competition between platforms fails to reduce equilibrium fees. This holds true if price parity is practiced in either its wide or narrow forms. [START_REF] Crémer | Fairness and Contestability in the Digital Markets Act[END_REF] The reason for this result is that, unless a firm delists from all platforms, price parity ties the firm's price at the direct-sales channel to the price charged at some platform where it is still listed.

As a result, only two options are relevant for firms: delisting from all, or joining all platforms. The latter implies that platforms can sustain the monopolistic fee in equilibrium, rendering competition (even under narrow price parity) ine↵ective in curbing market power. [START_REF] De Corniere | A Model of Biased Intermediation[END_REF] 

Paper Outline

The next subsection reviews the pertinent literature. Section 2 describes the model. Section 3 studies the laissez-faire outcome, where the platform is not subject to regulation. Section 4 derives the optimal cap regulation in both mature and expanding markets. Section 5 considers alternative remedies, such as (de facto) banning price parity, or relaxing it (to its narrow form) under platform competition. Section 6 concludes by collecting the empirical and policy implications of our analysis and discussing some limitations of cap regulation. All proofs are in the Appendix at the end of the document.

Related Literature

Price parity clauses, also known as "most-favored nation" (MNF) clauses, came back to the fore in the economic debate. In the traditional wholesale setting, a relatively large theoretical literature emphasized the role of MFN agreements as a commitment device not to price discriminate between retailers (see, e.g., Schnitzer 1994; Besanko and Lyon 1993).

A recent stream of literature focused instead on the price parity clauses practiced by platforms, where the contractual relationship usually follows the agency model. The majority of these papers emphasizes the anticompetitive e↵ect of price parity clauses. Edelman and Wright (2015) examine consumers' decision to either purchase directly or through a platform, which may invest to provide a non-pecuniary benefit to consumers. They show that price parity raises the price of direct purchases, increasing demand for the intermediary's service. Financed by high commissions, the platform overinvests in the provision of the non-pecuniary benefit, which in turn renders firms more likely to join. This may lead to an increase in final prices, and a decrease in social welfare. Boik and Corts (2016) and Johnson (2017) assume consumers must use one of two di↵erentiated platforms and show that price parity restrictions typically increase platform fees, thereby raising the prices charged by sellers and ultimately damaging final consumers. In the former paper, demand is elastic and both the fees and prices are linear in quantities. Besides raising fees and final prices, price parity prevents market entry by low-cost competitors. The latter paper compares instead the wholesale and the agency models in a framework with inelastic demand and revenue-sharing. With unrestricted prices, a shift from the wholesale to the agency model benefits platforms and consumers, but harms sellers, as retail prices tend to diminish. When price parities are imposed within the agency model, however, platform competition is softened, and fees tend to increase, driving up retail prices. These articles do not explicitly model the role played by the platform in expanding consumers' consideration sets, nor study regulation. By contrast, the informational externalities produced by the platform are at the core of our theory of harm, and form the basis of optimal regulation. [START_REF] Dinerstein | Consumer Price Search and Platform Design in Internet Commerce[END_REF] Wang and Wright (2020) consider a sequential search model in which platforms provide both search and intermediation services. Consumers positively value these services, but can decide to free-ride if direct purchasing is allowed. In this context, price parity typically hurts consumers, and possibly welfare, except when it is essential for the viability of the platform. [START_REF] Draganska | Choice Set Heterogeneity and the Role of Advertising: An Analysis with Micro and Macro Data[END_REF] Ronayne and Taylor (2021) analyze a market where two sellers produce a homogenous good which can be sold both directly and through a competitive platform, which helps consumers to compare market prices, but charges sellers a fee per transaction. They analyze the e↵ect of price parity clauses, which raise commission fees and induce some firms to delist, thus harming consumers. [START_REF] Edelman | Price coherence and excessive intermediation[END_REF] Our paper di↵ers from [START_REF] Dinerstein | Consumer Price Search and Platform Design in Internet Commerce[END_REF] For a more policy-oriented perspective, see Ezrachi (2015), who describes the benefits generated by price comparison websites (PCWs), but also warns about the anti-competitive consequences associated with the adoption of price parity. [START_REF] Draganska | Choice Set Heterogeneity and the Role of Advertising: An Analysis with Micro and Macro Data[END_REF] to negotiate parity provisions with a monopolistic airline in order to obtain the same conditions than the rival. The two GDSs serve final consumers through travel agents. Consumers can also directly buy from the airline. The parity restrictions studied by this paper are not directly comparable to the price parity clauses that are the object of our investigation, as direct prices remain unconstrained. [START_REF] Edelman | Price coherence and excessive intermediation[END_REF] Calzada et al. (2021) consider a model in which both platforms and sellers are exogenously di↵erentiated, focusing on the e↵ect of price parity on the sellers' decision to single/multi-home. They show that these price restrictions induce sellers to single-home, thereby segmenting the market, and to eventually cut their direct sales channel.

the above contributions on the identification of the market failure and on the way it models the informational role of platforms. The latter is instrumental to our distinctive focus on regulation.

Galeotti and Moraga-González (2009) consider di↵erentiated goods that can be traded locally (at the monopoly local manufacturer) or through a platform, which helps consumers compare products.

In equilibrium, when firms are constrained to set the same price in local and intermediated sales, [START_REF]Report on the monitoring exercise carried out in the online hotel booking sector by EU competition authorities in 2016[END_REF] the platform's fees induce full participation on both sides and the allocation is constrained-e cient.

Accordingly, prohibiting price discrimination is welfare neutral.

A more positive view is o↵ered by Johansen and Vergé (2017) and Liu, Niu and White (2021), who find that price parity is welfare-enhancing in some circumstances. The former paper proposes a model where consumers are aware of all firms in the market, multi-home across all platforms, and are also able to purchase directly from firms. [START_REF]Study on the application of the Interchange Fee Regulation[END_REF] Consumers perceive all these options as (horizontally) di↵erentiated, what generates market power to platforms even in the absence of price parity.

When this clause is imposed, firms become more prone to delisting, which reduces average costs.

There are instances where the participation constraint is so tight that commissions decrease (relative to unrestricted pricing), benefiting consumers and firms. [START_REF] Ezrachi | The competitive e↵ects of parity clauses on online commerce[END_REF] The latter paper considers instead an economy populated by a monopolist platform, a merchant, and two types of consumers, those who only buy directly and those who may use the platform if advantageous. Regardless of the curvature of demand, both consumer surplus and total welfare increase under price parity. Yet, the platform gains with price parity if and only if the demand curvature is su ciently small. In this case, the Pigouvian regulatory cap proposed here is slack, as the marketplace activity is beneficial to welfare.

These contributions assess the welfare impact of price parity, in some cases lending support to a ban, or favoring a weakening of this clause (e.g., its narrow version -see footnote 14). By contrast, we study optimal regulation, which maintains price parity, but restricts the platform's ability to levy high commissions. The regulatory approach is arguably more flexible than its competition policy counterpart: As we show, lifting de facto price parity is akin to capping the platform commission, although typically away from the welfare-maximizing level.

Model and Preliminaries

Consider an economy populated by N firms, indexed by j 2 N ⌘ {1, . . . , N}, and a unit-mass continuum of consumers I ⌘ [0, 1] with single-unit demands. A consumer's gross utility from firm j's product is given by vj = v j + z j , where v j is the vertical component of preferences common to all consumers (for instance, the number of stars of a hotel), while z j is the consumer-specific match value of firm j (for instance, the hotel's proximity to some location of interest). We assume that, for each consumer, z ⌘ (z 1 , . . . , z N ) is a draw (iid across consumers) from a symmetric distribution G with support contained on R N and density g. Each firm j faces a constant marginal cost c j per consumer served.

We say that a firm (call it j) belongs to the consideration set of a consumer if she observes the pair (v j , p j ), where p j is the price charged by firm j. A consumer can only transact with firms in her consideration set. Consumers are originally heterogeneous on their consideration sets. We describe this heterogeneity by means of a consideration profile , which maps each subset of firms s into the set (s) of consumers who consider exactly that set of firms. [START_REF] Gabaix | The Impact of Competition on Prices with Numerous Firms[END_REF] We assume that consideration sets are independent of the consumer's profile of match values z.

Because we normalized the mass of consumers to one, it follows that

X {s:s✓N } | (s)| = 1, (1) 
where | (s)| is the Lebesgue measure of the set (s). The set of consumers whose consideration sets contain firm j (among other firms) then equals

D j [ ] ⌘ [ {s:j2s} (s),
which we call firm j's potential demand under the consideration profile . We let D ; [ ] ⌘ (;) be the market's latent demand, which comprises all consumers who would be interested in consuming the good, but cannot do it for not knowing (or not having access to) any firm in the market.

A particular class of consideration profiles plays an important role in our analysis. We say that the profile is symmetric if the following conditions hold. First, those consumers who possess some market information enjoy consideration sets of the same size. The size of consideration sets is referred to as the reach of . Moreover, all firms are considered by the same number of consumers, and therefore have potential demands of the same size. [START_REF] Galeotti | Platform Intermediation in a Market for Differentiated Goods[END_REF] Letting n denote the reach of , d the size of potential demands, and d 0 the size of the latent demand, the feasibility condition (1) is then equivalent to

d = n N (1 d 0 ) . (2) 
Intuitively, for symmetric consideration profiles, the size of potential demands equals the fraction of firms known by each consumer multiplied by the mass of potential consumers (i.e., those who possess some market information). While special, this class of consideration profiles o↵ers a tractable way to study changes in consumers' information about market o↵ers.

Before accessing the platform, consumers' consideration sets are described by the profile , which captures all the information learnt by consumers outside of the platform (through advertising, travel or shopping guides, friends' recommendations, previous experiences, etc). For simplicity, we assume to be symmetric with reach n 2 {2, . . . , N 1}, potential demands of size d < 1, and latent demand of size d 0 0.

For simplicity, we assume that visiting the platform is costless to consumers, and that the platform can seamlessly transmit market information. Accordingly, all firms listed on the platform are added to the consideration set of all consumers. This captures the idea that, through the platform's search tools, consumers can learn the best match among all joining firms (which is equivalent to considering all of them).

In case all firms join the platform, consumer information (after the visit) is then described by the consideration profile ¯ , which is symmetric with maximal reach n = N . Accordingly, the platform expands by a factor N n the size of the consideration sets of those consumers who possess some market information. The platform also brings to the market the latent demand D ; [ ] of consumers that were originally unaware of any firm. As a result, the firms' potential demands under ¯ consist of the entire market: d = 1.

Alternatively, suppose all firms join the platform, except for some firm j, which refuses to do it. Consumer information is then described by the consideration profile j such that all consumers that considered firm j under (i.e., before accessing the platform) now consider all firms in the market, whereas those consumers who did not consider firm j under now consider all firms other than j. This leads to

j (N ) = D j [ ], and 
j (s) = ( I/D j [ ] if s = N /{j} ; if s 6 = N , N /{j} .
Accordingly, by not joining the platform, firm j keeps its original potential demand. However, those consumers in D j [ ] now consider a much larger set of competitors. As the next sections reveal, the externality that firms' listing decisions impose on those who remain non-listed, captured by j , is a recurring theme of our analysis.

Besides providing information, the platform o↵ers a business interface, enabling consumers to finalize transactions with firms. Completing a transaction within the platform generates a convenience benefit b 0 to firms, [START_REF] Gu | Trust and Disintermediation: Evidence from an Online Freelance Marketplace[END_REF] but costs them a fee to be paid to the platform. The platform privately o↵ers firm-specific fees; namely, firm j is asked to pay f j for each sale within the platform. For example, Booking.com and Amazon Marketplace propose di↵erent (private) fees on the basis of firm characteristics such as size, location, logistics and distribution activities. The platform is [START_REF] Gu | Trust and Disintermediation: Evidence from an Online Freelance Marketplace[END_REF] It is straightforward to allow consumers to obtain a convenience benefit b 0 0 for completing a transaction within the platform (rather in the direct-sales channel). For simplicity, we normalize b 0 = 0 and interpret b, the firm's convenience benefit, as capturing all the convenience advantages produced by the platform.

profit-maximizing.

We assume in the baseline model that the platform is able to impose price parity, according to which firms cannot o↵er discounts in the direct-sales channel. [START_REF] Hunold | Evaluation of best price clauses in hotel booking[END_REF] As a result, if a firm joins the platform, all of its sales happen through the platform (due to the convenience benefit it generates).

More broadly, our model captures the main features of markets where show-rooming is impractical, even when the platform does not contractually impose price parity. A case in point is delivery food apps, where physical constraints prevent consumers from directly purchasing from far-away restaurants.

The timing of the model is summarized below:

1. The platform privately o↵ers the fee f j for each firm j 2 N .

2. Firms simultaneously set prices and decide whether (or not) to join the platform, [START_REF] Hunold | Rankings of online travel agents, channel pricing, and consumer protection[END_REF] 3. Each consumer purchases from some firm she is aware of (if any). [START_REF] Johansen | Platform price parity clauses with direct sales[END_REF] Our solution concept is perfect Bayesian equilibrium with passive beliefs (for short, equilibrium).

That beliefs are passive means that, upon receiving an out-of-equilibrium o↵er, a firm does not change its belief about the fees o↵ered to other firms. Moreover, to simplify matters, we restrict attention to symmetric markets where the expected gains from trade are identical across firms. This amounts to assuming that ⌘ v j c j is invariant in j (that is, as quality increases, marginal costs increase by the same amount).

In what follows, we remove subscripts to denote price profiles (i.e., p ⌘ (p 1 , . . . , p N )), and write that p j ⌘ (p 1 , . . . , p j 1 , p j+1 , . . . , p N ). We use analogous notation for v, c and z.

Pricing Equilibrium

Consider a symmetric consideration profile with reach n. We will now derive the demands faced by firms under . To do so, consider the profiles (v, p) and denote by

H j,k|s (x) ⌘ Prob G  z k z j  x and k = arg max k 0 {v k 0 + z k 0 p k 0 } s.t. k 0 2 s/{j}
the probability (induced by the joint G) that the di↵erence between the match values of firms j and k is less than x 2 R, and that firm k is j's best competitor in the set s. The demand faced by firm [START_REF] Hunold | Evaluation of best price clauses in hotel booking[END_REF] We relax this assumption in Section 5. [START_REF] Hunold | Rankings of online travel agents, channel pricing, and consumer protection[END_REF] We could alternatively assume that firms choose prices after observing the joining decisions of all other firms.

However, assuming prices are chosen simultaneously to joining decisions simplifies the analysis. Both formulations lead to similar results. [START_REF] Johansen | Platform price parity clauses with direct sales[END_REF] We follow most of the literature on oligopolistic competition in assuming that the market is covered (among consumers who know some firm). This will be the case if consumers do not have outside options, or if the vertical components of preferences are su ciently large.

j under is then

D j (p j , p j ; ) = X {k,s:|s|=n,j,k2s,k6 =j} | (s)| H j,k|s (v j p j (v k p k )) .
The best response of firm j to the price profile p j is then

P j (p j | , c j ) ⌘ arg max p j D j (p j , p j ; ) (p j c j ), (3) 
while a pricing equilibrium p ⇤ is a price profile satisfying p j = P j (p j | , c j ) for all j 2 N . Before characterizing the pricing equilibrium, we shall introduce the following regularity condition, which guarantees the quasi-concavity of firms' best responses.

Assumption 1 (regularity) Let n 2 and consider the cdf

H (n) (x) ⌘ Prob G [z 1 z 2  x |z 2 = max{z 2 , . . . , z n } ] , with density h (n) (x) over R. Then x 1 H (n) (x) h (n) (x) ! is increasing in x.
We say that a pricing equilibrium is symmetric if v j p j 0 is constant in j. Accordingly, in symmetric equilibria, prices increase one-to-one with the "vertical" quality of a firm (e.g., the number of stars in a hotel). The next lemma characterizes the unique symmetric pricing equilibrium.

Lemma 1 (pricing) Suppose that firms compete under the consideration profile , assumed to be symmetric with reach n 2. Then the unique symmetric pricing equilibrium is such that, for all

j 2 N , p ⇤ j = c j + (n), where (n) ⌘ 1 H (n) (0) h (n) (0) .
Lemma 1 shows that, in the family of discrete-choice models of this paper, equilibrium prices consist of marginal costs plus the firms' markup under n-sized consideration sets, (n). For instance, when the platform operates, and all firms join at some symmetric fee f , equilibrium prices are

p ⇤ j = c j + f b + (N ).
We assume that firms follow the pricing equilibrium of Lemma 1 whenever consumers enjoy symmetric consideration profiles (or firms believe so).

An important special case of our model is that where the taste vector z is composed of N iid realizations of some univariate distribution G 1 with support contained on R. This specification was first proposed by Perlo↵ and Salop (1985), and has been widely applied thereafter (see Anderson, de Palma, and Thisse 1992). To sharpen some results, we shall specialize our analysis to this setting, which we refer to hereafter as the random utility model. [START_REF] Johnson | The agency model and MFN clauses[END_REF] Away from random utility, another special case is the spokes model of Chen and Riordan (2007), which generalizes Hotelling.

Laissez-Faire

We now study the equilibrium outcome (of the full game) under a monopolistic platform that is able to impose price parity, and faces no regulation of any kind. The platform's profit from each firm j that joins is then the realized demand of firm j times f j , which is the fee per sale contracted with firm j. The platform's total profit adds up revenues across all firms that join.

We focus on symmetric equilibria where all firms participate. [START_REF] Li | Regulating Powerful Platforms: Evidence from Commission Fee Caps in On-Demand Services[END_REF] The unique such equilibrium is characterized in the next proposition.

Proposition 1 (equilibrium)

There exists a symmetric equilibrium where all firms join the platform and pay a fee f ⇤ > b, which solves

(N ) N = d • max p n⇣ 1 H (N ) ( p) ⌘ ( p + f ⇤ + (N ) b) o . (4) 
To understand Proposition 1, consider the behavior of a firm that deviates from the putative equilibrium, and chooses not to join the platform. On the one hand, the firm avoids paying the net fee f ⇤ b. On the other hand, the firm sees its potential demand reduced to D j [ ], which is the set of consumers that are aware of the firm's existence before visiting the platform.

Taking these e↵ects into consideration, the deviating firm chooses a new price to lure those consumers in D j [ ]. Letting p denote the price adjustment relative to the equilibrium price, the firm's problem is represented in the right-hand side of equation ( 4). The optimal price adjustment then solves

p 1 H (N ) ( p) h (N ) ( p) ! + f ⇤ + (N ) b = 0. ( 5 
)
As the left-hand side is increasing in p (by Assumption 1), it follows that the optimal price adjustment satisfies p  0 (i.e., is a discount) if and only if the net fee f ⇤ b is positive.

Crucially, this price adjustment increases profit, and the more so the higher is the equilibrium fee f ⇤ incurred by all competitors inside the platform. Condition (4) states that, in equilibrium, the platform chooses its fee to leave each firm indi↵erent between (i) delisting from the platform, facing a much reduced potential demand, but competing against other firms with inflated marginal costs, and (ii) remaining in the platform, enjoying a much expanded potential demand, but competing with all other firms with no marginal cost advantage.

The platform's equilibrium fee exceeds the convenience benefit of an intermediated transaction:

f ⇤ > b.
To see this formally, note that the right-hand side of ( 4) is increasing in f ⇤ , and that, at f ⇤ = b, the optimal price adjustment is p = 0 (as implied by equation 5). Therefore, at f ⇤ = b, the right-hand side of (4) equals

d • ✓ (N ) N ◆ ,
which is less than the profit from joining the platform, (N ) N . Therefore, f ⇤ has to be above b to render the firms indi↵erent between participating or delisting from the platform.

How high the platform sets its fee in equilibrium depends on the size of firms' pre-visit potential demands. The next corollary reveals that this quantity is a su cient statistic for performing comparative statics with respect to the pre-visit information profile . According to Corollary 1, the pre-visit information profile a↵ects the equilibrium fee only through the size of potential demands d: as it increases, the equilibrium fee goes down. This result suggests an explanation for di↵erences between fragmented markets, such as Germany, with many family-run and independent hotels, and markets where the hotel sector is more concentrated, as in Scandinavia.

The former markets are characterized by a relatively low potential demand, thus justifying high commission fees, whereas the opposite holds in the latter market.

Corollary 1 also reveals that, as long as the size of potential demand remains constant, the equilibrium fee is invariant to changes in the reach n (which captures the intensity of competition across firms in the absence of the platform). [START_REF] Liu | Optional Intermediaries and Pricing Restraints[END_REF] This prediction distinguishes our model from alternative theories of aggregator platforms, and can be brought to data if a cross-section of market fees and potential demands are available.

More broadly, what explains the platform's ability to levy high commissions while guaranteeing firms' participation? Its source of market power lies in a contractual externality (Segal 1999) that listed firms impose on non-listed ones. Namely, delisting from the platform sends the deviating firm to a world where all consumers who consider the firm (its pre-visit potential demand) also consider all competing firms operating in the market. This renders the degree of competition faced by the deviating firm much higher than in a world where no platform is available. This obviously reduces profits outside of the platform, and induces firms to accept paying high commissions. [START_REF] Mantovani | Online Platform Price Parity Clauses: Evidence from the EU Booking.com case[END_REF] All in all, the equilibrium platform fee may be high enough to actually decrease both firms' profits and consumers' surplus relative to a world with no specialized platform to centralize market information. This is the subject of the next example. [START_REF] Liu | Optional Intermediaries and Pricing Restraints[END_REF] Of course, if the reach n increases, the size of the latent demand, d 0 , has to grow to keep potential demands at the same level (see equation 2). Therefore, provided potential demands have the same size, variations in the size of the latent demand also do not a↵ect the equilibrium fee. [START_REF] Mantovani | Online Platform Price Parity Clauses: Evidence from the EU Booking.com case[END_REF] Edelman and Wright (2015) identify an externality whereby consumers joining the platform make firms set higher prices, which hurts, under price coherence, those consumers who use the direct-sales channel. By contrast, the externality identified here pertains to listed firms rendering the potential demand of non-listed ones more elastic.

Example 1 (Hotelling) Consider a market with two firms located at the extremes of the unit segment, which is populated by uniformly distributed consumers. In the absence of an aggregator platform, each consumer (regardless of location) is endowed with a consideration set of size one, containing each firm with equal probability. The product of firm j 2 {0, 1} delivers gross utility v t|x j| to consumers located at x 2 [0, 1], where t 0. Each firm j sets a price p j facing a marginal cost normalized to zero. To guarantee the market is fully covered, we assume that the outside option (generating a payo↵ normalized to zero) is available only at the location of each firm, as in Bénabou and Tirole (2016). In equilibrium, firms charge p ⇤ j = v, which leads to a total surplus (sum of consumer and producer surplus) of v t 2 . Now consider a platform that adds every participating firm to the consideration set of all consumers. In the equilibrium of Proposition 1, the platform charges the commission

f ⇤ = b+2t p 2 1
and the equilibrium price is [START_REF] Moraga-Gonzalez | Consumer Search and Prices in the Automobile Market[END_REF] It is straightforward to compute that the total surplus equals v 2t p 2 7 8 , which is less than in the absence of the platform. } Remark 1 (marquee firms) For simplicity, the baseline model assumes that firms are perfectly symmetric, exhibiting potential demands of the same size. The analysis above equally applies to asymmetric settings where one or more firms are known to all consumers before visiting the platform (think of large hotel chains, for instance). They therefore possess potential demands consisting of the whole market, and, for each consumer, compete with the same number of other firms. Hence, marquee firms set prices exactly as in Lemma 1, as so do all the other "small" symmetric firms in the market. Unlike the latter, however, marquee firms pay no fee to the platform, as the indi↵erence condition (4) exhibits a unique solution at f ⇤ m = 0. The regulation we study in the next section aims at limiting the fees charged to small firms, but does not a↵ect those of marquee firms.

p ⇤ j = b + 2t p 2 1 2 .
Remark 2 (public platform fee) The baseline model assumes that the platform makes each firm a private o↵er regarding the commission. The equilibrium characterized in Proposition 1 remains an equilibrium if, alternatively, the platform sets a public fee and wishes to induce all firms to join. It is possible, however, that equilibria exist where the platform induces a subset of firms to join. In these equilibria, participating firms pay a fee larger than f ⇤ , which only strengthens the case for regulation.

Remark 3 (two-part tari↵s) For simplicity, we assumed that the platform employs linear fees, but this is not essential for Proposition 1, nor for any of the results that follow. Indeed, the contractual externality captured by the equilibrium condition (4) is only stronger were the platform to employ a two-part tari↵. [START_REF] Perlo↵ | Equilibrium with Product Di↵erentiation[END_REF] The latter alleviates the double-marginalization problem, enabling the platform to extract rents without raising (as much) the perceived marginal costs of participating firms. [START_REF] Moraga-Gonzalez | Consumer Search and Prices in the Automobile Market[END_REF] To guarantee full market coverage in equilibrium, we require that v t 2 p 2 1 . [START_REF] Perlo↵ | Equilibrium with Product Di↵erentiation[END_REF] For instance, Amazon Marketplace employs a flat fee together with a sale percentage fee.

Cap Regulation

The optimal regulation balances the gains from lower commissions and the potential losses from having no investment in marketplace features. To perform this balancing act, one therefore has to assess the welfare level when regulation discourages investment by the platform.

One main di culty on this regard is that consumers' information acquisition behavior may change depending on the quality of the platform's marketplace service. In a world where Expedia invests in technology to rank and recommend hotels, tourists might directly visit this platform, rather than consulting information sources likely to be redundant ex-post (e.g., travel guides). Accordingly, the consideration profile , which describes consumer information before visiting the platform, but at the doorstep of doing so, likely exhibits a small reach n. It is this consideration profile that determines the equilibrium fee characterized in Proposition 1.

By contrast, the "counterfactual" consideration profile ˆ , which describes consumer information when Expedia fails to invest in search technology, arguably exhibits a reach n larger than n (as consumers may turn to information sources they would have skipped in the presence of an e↵ective aggregator service, such as general-purpose search engines). As we shall see, regulation crucially depends on conjecturing by how much the platform's investment expands the consideration set of consumers in equilibrium (relative to alternative search technologies).

To formally capture the platform's decision to invest or not when subject to regulation, we introduce the cost k, which captures the expenses associated with developing the specialized search technology and running the marketplace. [START_REF] Pickands | The Continuous and Di↵erentiable Domains of Attraction of the Extreme Value Distributions[END_REF] We assume that the platform's investment cost is private information, being a draw from some distribution , with density and support contained in R + .

Being profit-maximizing, the platform invests if it expects profits to exceed the cost k. For simplicity, we assume that by investing the platform generates the convenience benefit b and is able to assign to each consumer the best match among all firms that join, as described in Section 2.

Absent investment, the platform is as good as its general-purpose alternatives (such as searching on Google and booking at the hotel's website). In this case, consumers enjoy a consideration profile of reach n and reap no convenience benefit from using the platform. Its profit is then zero from marketplace activities.

Mature Market

Let us consider first the case of a mature market, where all consumers possess some (though partial) market information. Equivalently, this amounts to assuming that the counterfactual latent demand D ; [ˆ ] is the empty set. [START_REF] Pickands | The Continuous and Di↵erentiable Domains of Attraction of the Extreme Value Distributions[END_REF] These include operating costs, the costs of monitoring firms' compliance to the platform rules, as well as advertising in a given market.

We consider regulatory interventions consisting of a cap on the platform's fee, akin to what is practiced for payment platforms. We denote this cap by f , and note that the cap is inconsequential if f > f ⇤ , but binds otherwise. Whenever the cap binds when the platform invests, its revenue equals f (as all firms join under this fee). The cap is of no consequence if the platform does not invest.

Our measure of social welfare combines the surplus derived by firms and consumers with that of the platform, which weight is ↵ 0. If the platform spends its profit on activities of little social value (wasteful advertising), or if its dominant position is fortuitous (say, due to network externalities, not from technological innovation), the planner might be tempted to assign no weight to its profit, i.e., set ↵ = 0. Conversely, if the planner expects the platform to re-invest profits, it might take a utilitarian stance, setting ↵ = 1. [START_REF] Quint | Imperfect Competition With Complements and Substitutes[END_REF] To compute consumer surplus, we let Z 1:n denote the maximum out of n  N coordinates of the random vector z, which describes consumers' profiles of match values. Whenever the cap binds, the planner's objective is

W ( f ) ⌘ ˆf 0 + E ⇥ Z 1:N ⇤ f + b + ↵ f k d (k) + 1 ( f ) ⇣ + E h Z 1:n i⌘ ,
where the integral describes welfare when the platform invests, while the second term describes welfare when the platform does not invest. When the platform invests, the aggregate surplus obtained by consumers and firms from each realized sale consists of the gains from trade in the absence of informational frictions (that is, under reach N ), in addition to the convenience benefit b, but discounted by the platform fee f . In turn, the platform's profit is simply f k. When the platform does not invest, its marketplace profit is zero, while the surplus of consumers and firms consists of the expected gains from trade under the counterfactual consideration profile ˆ (whose reach is n  N ), as described in the second term of W ( f ).

The next proposition derives the welfare-maximizing commission cap. To guarantee quasiconcavity of the planner's objective, we assume that f

+ (1 ↵) (f ) (f ) is increasing in f . 36
Proposition 2 (optimal regulation: mature market) Suppose the market is mature (D ; [ˆ ] = ;), and consider regulation that mandates the platform's commission fee to satisfy f  f . The welfare-maximizing cap, written as a function of the weight ↵, implicitly solves

f↵ = b + E ⇥ Z 1:N ⇤ E h Z 1:n i (1 ↵) ( f↵ ) ( f↵ ) . (6) 
Moreover, the welfare-maximizing cap f↵ is increasing in ↵. [START_REF] Quint | Imperfect Competition With Complements and Substitutes[END_REF] See Tirole (2011) for a discussion, in the context of the card payment application, of whether platform profits should be included into the measure of social welfare. [START_REF] Rey | Secret Contracting in Multilateral Relations[END_REF] This condition is trivially satisfied if ↵ = 1 and boils down to the standard monotonicity of virtual values when ↵ = 0. When the reverse hazard rate, , is decreasing (which is satisfied by most distributions of interest), this requirement imposes an upper bound (strictly greater than one) on the value of ↵.

Consider first the utilitarian case, where ↵ = 1. Here, the third term in the right-hand side of (6) vanishes, and the cap equals the surplus-neutral fee f1 , which is the convenience benefit added to the informational gain produced by the platform (relative to the counterfactual consideration profile ˆ ).

Under this cap, the marketplace activity cannot hurt consumers and firms, as its profit is bounded by the externality it imposes on the other market participants (in the spirit of the pivot mechanism).

Accordingly, the platform invests if and only if doing so increases the sum of consumer and producer surplus.

More broadly, we interpret Proposition 2 as providing a welfarist foundation to a notion of fairness commonly employed in competition policy circles (see Crémer et al. 2021). According to this notion, "gatekeepers" or "stacked platforms" should not be allowed to leverage on the externalities created by their activity to make other market participants worse o↵. This precept, operationalized by a commission cap set at the surplus-neutral fee f1 , is at the heart of recent policy proposals to regulate Away from the utilitarian case, the welfare-maximizing cap di↵ers from the surplus-neutral fee.

When ↵ is above 1, the planner gives more weight to the platform vis-à-vis consumers and firms, setting the cap above the surplus-neutral fee f1 . For ↵ below 1, the planner gives more weight to consumers and firms, setting the cap below f1 . The next remark considers the special case where the planner entirely disregards platform's profit.

Remark 4 (welfare measure: excluding platform's profit) In case the planner disregards platform's profits, assuming the investment cost k is uniformly distributed on [0, k], the optimal cap is half of the surplus-neutral fee: f0 = 1 2 f1 .

The next corollary builds on Proposition 2 to evaluate how the optimal cap varies with the expansion produced by the platform on consumers' consideration sets. Intuitively, the cap is larger the higher is the informational benefit generated by the platform's investment, which is inversely proportional to d. If the investment generates no informational gains (relative to alternative search options), that is, d = 1, the surplus-neutral fee equals the convenience benefit b. In this case, perhaps unsurprisingly, the optimal cap coincides with the tourist test regulation of payment cards, which advocates merchant fees should equal the convenience benefit of a card payment. In general, the regulation proposed here di↵ers from the tourist test paradigm precisely for the expansion in the consumers' consideration sets produced by the platform's investment. This expansion is maximal when firms' potential demands (under alternative search technologies) are small, in which case the cap reaches its highest level. It is worth noting that Corollary 2 can also be stated in terms of the counterfactual reach n, as, in mature markets, d = n N (see equation 2). Notice that whether the optimal cap binds or not depends on how the counterfactual consideration profile ˆ compares to its pre-visit counterpart, . Even when the platform's investment is informationally redundant ( d = 1), in that consumers could easily learn elsewhere the information it provides, the optimal cap binds provided the reach of the pre-visit profile is less than maximal (n < N). More broadly, Corollaries 1 and 2 imply that the optimal cap binds provided the size of pre-visit potential demands d is su ciently lower than its counterfactual counterpart d.

The next example specializes Proposition 2 to a widely used discrete choice framework.

Example 2 (optimal cap under logit demand) Suppose the market is mature and assume consumer match values are independent across firms and distributed according to a Gumbel distribution with scale parameter > 0. [START_REF] Rochet | Must-take Cards: Merchant Discounts and Avoided Costs[END_REF] Then the optimal utilitarian cap is given by

f1 = b ln( d) = b + (N ) ✓ N 1 N ◆ ln(ê), (7) 
where

(N ) = ⇣ N N 1
⌘ is the logit markup and ê ⌘ 1 d = N n is the expansion on consideration sets.} Numerical Illustration: The Cap Schedule. To get more quantitative insights about the optimal cap, it is useful to express the surplus-neutral fee in terms of firms' profit margins (which, being observable, allow us to calibrate the scale parameter ). This is the idea behind the second equality in (7). In turn, the expansion on consumers' consideration sets is the crucial quantity for assessing the informational contribution generated by the platform, and may be measured through surveys and experiments. [START_REF] Ronayne | Competing Sales Channels with Captive Consumers[END_REF] We employ simple market data to numerically illustrate Example 2 in the context of OTAs.

Specifically, we consider hotels in New York City in 2019. Over that year, the average rate for the cheapest available double room was around 200 dollars, and profit margins varied from 20% to 30% of the retail price. [START_REF] Schlütter | Managing Seller Conduct in Online Marketplaces and Platform Most-Favored Nation Clauses[END_REF] The convenience benefit b (which captures the valued added by the [START_REF] Rochet | Must-take Cards: Merchant Discounts and Avoided Costs[END_REF] Namely, for each firm j, the match value zj is an iid draw of the cdf G1(x) = exp{ exp{ x 1 }} with support R. [START_REF] Ronayne | Competing Sales Channels with Captive Consumers[END_REF] Our methodology therefore exhibits implementation challenges similar to those of standard market definition ex- booking and payment interface provided by the platform) should be commensurate to the market rates of online payment gateways (such as PayPal). As these services charge around 2%, we set b to 4 dollars. We approximate the ratio N 1 N by one, given the large number of hotels in the market under consideration. Figure 1 illustrates the (utilitarian) cap schedule as a function of the expansion on consumers' consideration sets.

Intuitively, the schedule in Figure 1 depicts the maximum profit that the platform can appropriate as a function of the investment's impact on the size of consideration sets. In case the profit margin of hotels is 20% (40 dollars per room per day), an investment that approximately triples consideration sets cannot generate more than 50 dollars per room per day to the platform (otherwise firms and consumers would be worse-o↵). Fifty dollars is also the average commission of Booking.com in New York City (roughly 25% of retail price). Therefore, the current average commission does not exceed the utilitarian cap if and only if the platform's investment more than triples the hotel's potential demands under alternative search technologies. If the planner disregards platform profits (↵ = 0), as in Remark 4, the platform would need to multiply by six the size of consumers' consideration sets to justify the current rates on welfare grounds.

The optimal cap is less likely to bind the higher the hotels' profit margin is. This is reflected in the fact that the cap schedule shifts up as profit margins increase -see Figure 1. For instance, if the profit margin is 30% of retail prices (60 dollars per room per day), current platform fees do not violate the optimal utilitarian cap if and only if the platform more than doubles the size of consumers' consideration sets.

Needless to say, the policy prescriptions derived above should not be taken at face value. We view this exercise primarily as an illustration of the ideas of this article. Empirical work, or experimental evidence, investigating by how much OTAs expand consumers' consideration sets (relative to other search tools) is needed in order to assess the optimal cap regulation in di↵erent markets.

Expanding Market

An important feature of mature markets is that, whenever profit margins decrease as competition intensifies, [START_REF] Schnitzer | Dynamic duopoly with best-price clauses[END_REF] the improved information generated by the platform is bound to hurt firms' profits.

The reason is that, by enlarging consumers' consideration sets, the platform intensifies competition without increasing firms's sales. This conclusion is no longer true when the market is expanding, in that the platform's investment in technology results in attracting new consumers, as described by the latent demand D ; [ˆ ] 6 = ;. Letting d0 > 0 denote its size, the next corollary identifies a necessary and su cient condition for producer surplus to increase as information improves.

Corollary 3 (industry profits) Firms gain when the platform invests to improve market information if and only if

d0 > 1 (N ) (n) .
The improvement in consumer information generated by the platform's investment expands sales (by attracting the latent demand) but intensifies competition. So the industries that are the least competitive ex-ante are the most likely to lose once the platform invests to expand consumer information. Conversely, firms are better-o↵ with the platform's service if and only if the latent demand is su ciently large.

In the latter case, in expanding markets, investment by the platform may produce a Pareto improvement, collecting positive profits while rendering both firms and consumers better o↵. This suggests that, in such markets, the optimal cap regulation should be more lax, allowing for higher commissions.

To investigate this point, let us assume for brevity that the planner is utilitarian (↵ = 1). [START_REF] Segal | Contracting with Externalities[END_REF] In order to extend the welfare objective of the previous subsection to expanding markets, we have to define the net gain obtained by latent consumers from knowing all firms in the market (vis-àvis the situation where they knew no firm). This requires determining their payo↵ in the absence of investment by the platform, which is left unmodeled in our partial-equilibrium analysis. We take a conservative stance by assuming that the outside option of latent consumers coincides with the expected payo↵ of all other consumers absent platform investment. [START_REF] Sengupta | Airline Pricing, Price Dispersion, and Ticket Characteristics on and o↵ the Internet[END_REF] Under this assumption, [START_REF] Schnitzer | Dynamic duopoly with best-price clauses[END_REF] Zhou (2017), in the context of a Perlo↵-Salop model, proves that (n) is decreasing in n if the hazard rate of the match-value cdf is increasing -see also Quint (2014) and Gabaix et al. (2016). Allowing match values to be correlated, as we do here, Chen and Riordan (2007, 2008) provide conditions under which (n) is increasing. While unexceptional in theory, price-increasing competition is unlikely to occur in most markets pertinent to our analysis. [START_REF] Segal | Contracting with Externalities[END_REF] The case with ↵ 6 = 1 is equally straightforward -it can be derived similarly to subsection 4.1.

42 Two other possibilities stand out: One is to assume that latent consumers make no purchases absent the platform's information service, which is unsatisfactory, as these consumers should find other beneficial purchases (in other markets).

Another possibility is to assume that latent consumers gain nothing from the platform's service, being therefore equally well-o↵ before and after "discovering" the market. This option is likely to under-estimate the platform's contribution to consumer surplus.
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whenever the cap binds, we obtain the following welfare objective:

W ( f ) ⌘ ˆf 0 + E ⇥ Z 1:N ⇤ + d ; [ˆ ] (N ) + b k d (k) + 1 ( f ) ⇣ + E h Z 1:n i⌘ .
The next proposition derives the optimal utilitarian cap for expanding markets.

Proposition 3 (optimal regulation: expanding market) Suppose that the planner is utilitarian and consider regulation that mandates the platform's commission to satisfy f  f . The utilitarian cap is then

f1 = b + E ⇥ Z 1:N ⇤ E h Z 1:n i + (N ) d0 . ( 8 
)
It is useful to compare equations ( 8) to ( 6) at ↵ = 1. Relative to mature markets, the utilitarian cap in expanding markets exhibits an extra term that captures the profit gain that firms experience from the expansion in demand. As in the case of mature markets, this cap binds the platform's profit by the externality it imposes on firms and consumers. Its implementation is however more demanding, as it requires estimates of the latent demand d0 and the counterfactual reach n (or, equivalently, the size of potential demands d, as determined by the feasibility condition 2).

The next example reconsiders the logit setting of Example 2.

Example 3 (optimal cap under logit demand) Suppose the market is expanding and consider the logit specification of Example 2. Then the optimal utilitarian cap is given by

f1 = b ln d 1 d0 ! + (N ) d0 = b + (N ) ✓ N 1 N ◆ ln(ê) | {z } cap under mature market + (N ) ✓✓ N 1 N ◆ ln ⇣ 1 d0 ⌘ + d0 ◆ | {z } expanding market adjustment , where (N ) = ⇣ N N 1
⌘ is the logit markup and ê ⌘ 1 d0 d = N n is the expansion on consideration sets of non-latent consumers. }

For easier implementation, Example 3 expresses the utilitarian cap as a function of the expansion factor ê and the size the latent demand. It decomposes the surplus-neutral fee f1 as the sum of its mature-market counterpart and an adjustment term, capturing the market expansion e↵ect.

Perhaps surprisingly, if there are su ciently many firms (N high), the expanding market adjustment is negative, rendering the utilitarian cap in an expanding market lower than it would be were the market mature. [START_REF] Teh | Intermediation and Steering: Competition in Prices and Commissions[END_REF] The reason is that, fixing the size of counterfactual potential demands, the reach of the informational profile ˆ is higher in expanding than in mature markets (by the feasibility condition 2). This renders the platform's informational contribution lower in expanding markets, which explains the tighter cap.

To numerically illustrate Proposition 3, consider a relatively non-obvious tourist destination such as Toulouse. In this market, in 2019, the average price for the cheapest available double room was around 80 euros. [START_REF] Tirole | Payment Card Regulation and the Use of Economic Analysis in Antitrust[END_REF] If by investing the platform increases latent demand by 50%, [START_REF] Wang | Search platforms: showrooming and price parity clauses[END_REF] and profit margins average 20% (16 euros), the current average commission by Booking.com (around 15% in a city like Toulouse, i.e. 12 euros) meets the cap if and only if potential demands are doubled by the platform (or quadrupled if the regulator disregards platform's profit).

Approximating the Optimal Cap

While being well-grounded in theory, the optimal caps derived in Propositions 2 and 3 may be hard to implement in practice, as they require knowledge of the distribution of consumer tastes across firms (needed to compute the informational benefit generated by the platform's investment). One way to bypass this di culty is to assume a specific demand model (logit, for instance, as often employed in empirical work, and in Examples 2 and 3 above). Another possibility, pursued here, is to explore properties of order statistics to construct an approximation that works for a large class of distributions. We do so by employing the techniques based on extreme-value theory introduced by the pioneering work of Gabaix et al. (2016). Due to its somewhat technical nature, readers more interested in the competition policy alternatives to cap regulation may directly skip to Section 5.

Applying extreme-value theory requires however that we specialize the discrete-choice setup adopted so far. Specifically, we adopt the random utility model of Perlo↵ and Salop (1985) and assume that the distribution of consumer match values (iid across firms and consumers), denoted by G 1 , satisfies the following.

Assumption 2 In the context of a random utility model, assume that the match value distribution G 1 is twice continuously di↵erentiable over a bounded support (z, z). Moreover, its density g 1 is non-vanishing and exhibits a bounded derivative. [START_REF] Zhou | Competitive Bundling[END_REF] For the class of distributions satisfying Assumption 2, 47 we construct an asymptotic approximation that holds constant the size of latent and potential demands. Namely, we fix d and d0 and take [START_REF] Tirole | Payment Card Regulation and the Use of Economic Analysis in Antitrust[END_REF] See https://www.statista.com/statistics/752149/hotel-double-standard-room-costs-toulouse-city/ [START_REF] Wang | Search platforms: showrooming and price parity clauses[END_REF] This estimate is consistent with recent developments, especially for independent hotels. In 2017, Booking.com was made unavailable in Turkey. The Small Hotels Association estimated that small hotels incurred a drop of 50 60% in reservations (see https://businessturkeytoday.com/hotel-owners-are-waiting-for-a-solution-regarding-the-issueabout-booking-com.html). [START_REF] Zhou | Competitive Bundling[END_REF] Namely, there exist " > 0 and K < 1 such that g1(x) > " and |g 0 1 (x)| < K for all x 2 (z, z). 47 Examples include the uniform, and censored versions of most distributions of interest, such as the normal, Gumbel, lognormal, exponential, among others.

the limit as n, N ! 1 while satisfying the feasibility condition (2). This procedure weakens the informational requirements of cap regulation by isolating the key feature of the demand model that matters for policy (namely, the firms' profit margin). As in reality n is unlikely to be large, we see the approximation procedure as a useful mathematical tool, rather than reflecting the conditions of any specific market.

The main analytical result behind the approximation is the subject of the next proposition, which can also be seen as an independent contribution of this paper.

Proposition 4 (asymptotics) In the context of a random utility model, assume the match value distribution G 1 satisfies Assumption 2. Then,

lim n,N !1 ( E ⇥ Z 1:N ⇤ E ⇥ Z 1:n ⇤ (N ) ) = 1 d0 d 1, (9) 
where the limit above is taken as n and N grow large while satisfying (2).

The intuition is simple: the consumers' benefit from larger consideration sets is small when the highest match values across firms are close to each other. In this case, markups are small, as competition is intense for providing consumers with the highest surplus. As a result, the quantities in the numerator and denominator of the left-hand side of ( 9) should co-move; they are indeed proportional to each other when the market is large. The proportionality factor is the relative expansion of consumers' consideration sets. 48 We can employ Proposition 4 to obtain an "easier-to-use" formula for the utilitarian cap. Namely, we can express the informational benefit produced by the platform as a function of the firms' profit margin. The utilitarian cap of Proposition 3 is then approximated by

f1 ⇡ b + 1 d0 d 1 ! (N ) + d0 (N ) = b + ⇣ ê 1 + d0 ⌘ (N ). (10) 
This approximation works well in small samples, as discussed in detail in Appendix B. 49 Formula ( 10) is also remarkably simple to use. For instance, if the market is mature and the platform doubles consideration sets, its fee should not exceed the convenience benefit added to the firms' profit margin.

Remark 5 (unbounded support) Proposition 4 holds for distributions with bounded support, as required by Assumption 2. While this property makes sense in discrete-choice frameworks (as consumer valuations are bounded), most distributions employed in applied work have unbounded support.

48 Indeed, by the feasibility condition (2), N n =1 d0 d , so the relative expansion of consumers' consideration sets is the first term in the right-hand side of (9).

49 When Ĝ is uniformly distributed, convergence is very fast if

d 1 d0
is above a half: a market size of N = 20 is enough to render negligible the di↵erence between the exact value and the limit approximation. Convergence is slower if d

One can extend Proposition 4 to such distributions provided their rights tails are thin (in a precise mathematical sense). Away from this case, the limit relation ( 9) misses a non-vanishing second-order term, which explains the di↵erence between (10) and the exact logit caps of Examples 2 and 3. Yet, formula (10) exhibits similar qualitative properties (e.g., decreasing in d and d0 ) and quantitative implications as the exact cap for demand systems common in applied work (e.g., logit and probit).50 

Other Remedies

We now investigate, in the context of our model, two potential alternatives to regulation capping commissions. One is an outright (de facto) ban of price parity, accompanied by unfettered access by consumers to firms' direct sales channels. These ideas are at the heart of the European Commission's proposal for the Digital Markets Act. The other is to relax price parity (moving from its wide to narrow version) in the presence of competing platforms. This possibility was actively pursued by some European countries (e.g., Germany) in the case of OTAs. We start with the former.

Banning Price Parity

Suppose firms are free to set two prices, one for transactions through the platform, and the other for direct sales. Also assume consumers can gather information through the platform and seamlessly complete the purchase in the sales channel o↵ering the lowest price. Then the following is true.

Proposition 5 (banning price parity) Banning price parity is outcome-equivalent to capping the platform fee according to f  b, which leads in equilibrium to f ⇤ = b. If the planner is utilitarian, this cap is ine ciently low (as b < f1 , f1 ), be the market mature or expanding.

The intuition for the result above is simple: because consumers always choose the lowest price of any given product, firms e↵ectively compete in the sales channel exhibiting the lowest perceived marginal cost. While this cost is simply c j at the direct sales channel, it equals c j + f j b at the platform. Therefore, transactions occur inside the platform if and only if f j  b. In equilibrium, the platform sets f j = b for all firms. Crucially, banning price parity prevents the platform from appropriating any of the informational (ex-ante) benefits it generates. Only the (ex-post) convenience benefit b is recovered in equilibrium, which leads to an ine ciently low fee. This would discourage platform investment in many instances where it contributes positively to welfare.

The latter conclusion crucially relies on an (arguably stark) feature of our model; namely, that the platform enjoys no market power in the absence of price parity. This is not the case if consumers exhibit "horizontal preferences" towards purchasing through the platform (as in Johansen and Vergé, 2017). Or if firms face an inelastic demand of "direct-sales-only" consumers, which dampens the firms' incentive to arbitrage prices and induce show-rooming (as in Wang and Wright, 2020). In these cases, the equilibrium fee in the absence of price parity may well exceed (but also, depending on parameters, fall short of) the welfare-maximizing level.

In light of these possibilities, there is no reason to expect that removing price parity will implement (or even raise) welfare. In this regard, regulating commissions seems an attractive alternative for reining in the platform's monopoly power.

Platform Competition

It is tempting to think that platform competition, coupled with a relaxation of price parity, might alleviate market distortions, rendering commissions caps redundant. In this section, we extend our model to allow for multiple platforms, and show that, under natural assumptions, the same equilibrium fee under monopoly prevails under competition.

To model competition, we consider two platforms, seen as perfect substitutes in the eyes of consumers. As in the baseline model, we assume that the platforms' o↵ers are private, and that firms make simultaneous joining and pricing decisions. The timing of the model is summarized below:

1. Each platform i 2 {a, b} privately o↵ers the fee f i j to each firm j 2 N , 2. Firms simultaneously set prices and decide whether to join both, either, or no platform,51 3. Each consumer decides which platform(s) to visit, and makes a purchasing decision among the firms in her consideration set.

Consumers choose a platform without observing neither commissions, the set of listed firms, or prices (but correctly anticipate these outcomes in equilibrium). We assume that consumers incur no cost to visit a platform, but prefer to visit a single platform if they expect not to gain from visiting both.

As in the monopoly case, platforms expand the market knowledge of consumers, who add to their consideration sets all firms present in the platform they choose. Accordingly, if a firm does not join a platform (say, a), then the only consumers, among the clients of platform a, who consider that firm are those who already had the firm in their pre-visit consideration set.

We allow the price parity clause to be either wide (preventing sellers from posting a lower price on any alternative sales channel), or narrow (allowing sellers to di↵erentiate prices across platforms, but preventing lower prices on the direct sales channel). In either case, we look for a perfect Bayesian equilibrium. 52 Because we are interested in the impact of competition on equilibrium outcomes, we focus on a symmetric equilibrium, therefore discarding all equilibria where the market tips (leading to a de facto monopolistic platform). The next proposition describes the unique equilibrium where all firms participate in each platform.

Proposition 6 (platform competition) Under either narrow or wide price parity, there exists an equilibrium where platforms o↵er all firms the monopolistic fee f ⇤ of equation ( 4), half of all consumers join each platform, and firms join both platforms.

To understand the result above, let us analyze first the case of a wide price parity. Note that condition (4) implies that, upon being o↵ered the fee f ⇤ in equilibrium, firms are indi↵erent between joining both platforms and joining no platform.

Consider a platform that deviates and o↵ers a firm a fee higher than the equilibrium one. The firm has the option to stay on both platforms and to adjust prices upwards, reflecting its unexpectedly high marginal cost. This option is however dominated by quitting both platforms altogether, as, absent this deviation, the firm would be indi↵erent between joining both platforms or none.

Another option is to quit the deviating platform (call it a), and remain on the non-deviating one (which is b). The price parity clause with platform b, however, prevents the firm from decreasing prices in its direct-sales channel without doing the same in platform b. Having a lower direct-sales price is desirable for the firm, as some sales would now occur in the direct channel, 53 where the marginal cost is lower. As a consequence of this pricing constraint, the firm prefers quitting both platforms rather than quitting only the deviating one.

Finally, no platform gains by deviating to a fee lower than the equilibrium one. The reason is that such a deviation does not result in more sales, as consumers have no way to detect the discounted fee.

As consequence, lowering fees can only reduce revenues. Because platforms can do no better than o↵ering f ⇤ to each firm, all firms decide to multi-home, and consumers remain indi↵erent between visiting either platform (and see no gain in visiting both, which is informationally redundant).

Perhaps surprisingly, the same equilibrium fee is obtained if price parity is narrow. To see why, consider again the case of platform a o↵ering a firm a fee higher than f ⇤ . Unlike in the case of wide price parity, the firm can now increase the price in the deviating platform (and in its direct-sales channel) without raising the price in the non-deviating platform. While valuable for the firm, this extra degree of flexibility is not enough to prevent the firm from quitting both platforms. The reason is the firm's profit from platform a necessarily goes down, which renders delisting from both strictly preferable to remaining on both. 52 We again assume that out-of-equilibrium beliefs are passive (in that an out-of equilibrium o↵er by a platform does not a↵ect a firm's beliefs about the o↵ers received by other firms). 53 Namely, the sales for clients of platform a who have the firm in their pre-visit consideration set, and prefer the firm to any other firm they met through platform a.

What about delisting from the deviating platform a, but remaining on b? This is again dominated by leaving both platforms. The reason is that, upon leaving platform a, the direct-sales price and the price at platform b are tied exactly as in the case of a wide price parity clause. This again renders discounting direct sales too costly for the firm, which then prefers leaving both platforms.

All in all, moving from wide to narrow price parity fails to foster competition among platforms, and does not reduce equilibrium fees. Indeed, the arguments above echo the skeptic reaction by the German competition authority vis-à-vis Booking.com's proposal to revise its price parity clause. 54 The conclusion above relies on the inability of platforms to convey their lower commissions to consumers, who single-home in equilibrium. This is in contrast to Wang and Wright (2020), who assume that, having learned about a firm on a particular platform, consumers can observe the firm's identity and its prices on all channels. As a result, if a platform (say, a) decreases its commission to a firm, that firm is able is reduce its price and increase sales on platform a. Narrow price parity is then e↵ective in engendering some degree of platform competition. This is, however, no guarantee that the equilibrium outcome is e cient, as, under competition, platforms remain unable to appropriate the informational (ex-ante) benefits they generate.

Of course, it is an empirical question to determine which set of assumptions better describes the market. Our analysis indicates that there are good reasons to doubt that competition reduces fees or improve welfare, even under mild versions of price parity.

Predictions and policy implications

Our analysis unveils a rich set of testable predictions, as well as implications for policy. We summarize these conclusions below.

Positive Implications 1) The platform is able to levy high commissions by exploiting the contractual externality that listed firms impose on non-listed ones (by rendering their demand more elastic). As a result, the platform is a"must-join," even when its fee exceeds the convenience and informational benefits generated to consumers and firms.

2) Firms accept higher fees the smaller their (pre-visit) potential demands are. Moreover, provided potential demands remain constant, the equilibrium fee is invariant to the degree of competition among firms.

54 In a recent decision, the Higher Regional Court of Düsseldorf, although acknowledging their anti-competitive e↵ect, declared that narrow clauses are not illegal as they represent the only way to compensate OTAs for the service they provide to hotel operators. The German Federal Cartel O ce appealed the Regional Court's judgment, and published in 2020 a report showing limited evidence of show-rooming. On May 2021, the Federal Court of Justice declared that the 'narrow' best price clauses imposed by Booking.com on hotels are incompatible with antitrust law.

3) While in mature markets the platform always decreases producer surplus, firms are better-o↵ with the platform in expanding markets if and only if the demand augmentation is su ciently large.

Moreover, the industries that are the least competitive in the absence of a platform are the most likely to lose once a platform enters the market.

Policy Implications

We investigate regulation capping the platform's commission. We start with mature markets, for which the platform does not increase aggregate sales.

4) If the planner is utilitarian, the e cient cap induces the platform to invest if and only if doing so increases the joint surplus of consumers and firms.

5) If the welfare measure does not include platforms' profits, the optimal cap is tighter. Namely, it is half of the utilitarian one provided the platform's investment costs are uniformly distributed.

6) Perhaps counter-intuitively, holding constant the size of firms' potential demand in the absence of the platform, the optimal cap may decrease as we move from mature to expanding markets.

To ease the informational burden of regulation, we can apply techniques from extreme-value theory to approximate the optimal cap. This represents an alternative to assuming a specific demand model (e.g., logit).

7) The utilitarian cap can be approximated by a function of the firms' profit margin and the relative expansion of consumers' consideration sets.

We then investigate alternatives to regulation capping commissions. In particular, our analysis identifies natural assumptions under which the competition policy options to cap regulation perform badly. Rather than positive implications, we see these findings as stark possibility results (surprisingly allusive of recent developments).

8) Banning price parity is outcome-equivalent to capping the platform fee at the convenience benefit of a transaction. This cap is ine ciently low, be the market mature or expanding. 9) Competition between platforms fails to reduce equilibrium fees if price parity is maintained, either in its wide or narrow forms.

A large part of the current regulatory debate focuses on self-preferencing and algorithmic bias, whereby the platform's search tools favor specific sellers or (its own) brands. 55 While clearly important, addressing these issues is unlikely to perfectly align platforms' behavior to society's welfare objectives. Indeed, as our analysis reveals, even with an unbiased search tool (where consumers always find the best match), platforms have the ability to leverage on contractual externalities across firms to levy ine ciently high commissions (due to price parity or to search frictions outside of the platform). In this sense, measures curbing recommendation biases and capping commissions are likely to play a complementary role in the design of optimal regulation.

Another important point is that platforms often attempt to circumvent regulation of fees. For instance, in the realm of payment cards, skeptics of interchange fee regulation often argue that scheme fees can be adjusted to bypass the cap. In response, regulators expressed the intention to monitor the total level of fees levied on merchants. This more comprehensive approach to fee regulation so far seems to have prevented most bypassing strategies (see European Commission 2020). Similarly, the cap regulation studied here should be thought of as pertaining to the total fee charged by the platform to client sellers.56 

Expectedly, the quantification of the cap remains the main challenge to implement cap regulation.

If not adequately compensated, platforms may decide to lower their investment e↵orts in improving the amount and the precision of information provided to consumers. This is however more likely to happen in case of a de facto ban of price parity, as we showed in Subsection 5.1. Our policy instrument, on the contrary, would incentivize platforms to invest in such direction, as their possibility to charge a higher fee depends on the informational benefit they generate.

= d • max p n⇣ 1 H (N ) ( p) ⌘ ( p + f ⇤ + (N ) b) o (12) 
where we employ Lemma 1 repeatedly and use the fact that v k c k = for all k. Therefore, firm 1 joins the platform if and only if (11) is weakly greater than (12).

If the inequality is strict, the platform can deviate from equilibrium and o↵er to firm 1 (as well as to any other firm) a fee f ⇤ + ", " > 0, such that (11) remains greater than (12). Because, by the envelope theorem, ( 12) is increasing in f ⇤ , and ( 11) is invariant to f ⇤ , we conclude that (11) has to equal (12) in equilibrium. This is the unique symmetric equilibrium with full participation because the equality (4) admits a unique solution. ⌅

Proof of Corollary 1. Note that the right-hand side of ( 4) is increasing in the size of the potential demand D j [ ]. Moreover, by the envelope theorem, it is also increasing in f ⇤ . Therefore, as d increases, the equilibrium fee f ⇤ goes down, which establishes the claim. ⌅

Proof of Proposition 2. Equation ( 6) follows from di↵erentiating W ( f ), which is quasi-concave in f . To see that f↵ is increasing in ↵, note that equation ( 6) can be rewritten as

f↵ + (1 ↵) ( f↵ ) ( f↵ ) = b + E ⇥ Z 1:N ⇤ E h Z 1:n i . (13) 
The left-hand side is increasing in f↵ (by assumption) and decreasing in ↵, while the right-hand side is invariant to ↵ and f↵ . Because this equation admits a unique solution, we conclude that f↵ is increasing in ↵, as claimed. ⌅

Proof of Corollary 2. In the context of a random utility model, we will now prove that f↵ is decreasing in d. To this end, consider a random variable X with cdf F and recall the following identity from probability theory:

E [X] = ˆ1 0 [1 F (x)] dx ˆ0 1 F (x)dx.
Because the cdf of Z 1:n , denoted Ĝ1:n 1 , is given by G

1:n 1 (x) = [G 1 (x)] n , it follows that E ⇥ Z 1:n ⇤ = ˆ1 0 [1 [G 1 (x)] n ] dx ˆ0 1 [G 1 (x)] n dx.
Hence,

E ⇥ Z 1:N ⇤ E h Z 1:n i = ˆ1 0 h [G 1 (x)] n [G 1 (x)] N i dx ˆ0 1 ⇣ [G 1 (x)] N [G 1 (x)] n⌘ dx.
By the feasibility condition (2), it follows that d = n N . Simple rearrangements lead to

E ⇥ Z 1:N ⇤ E h Z 1:n i = ˆ1 0 h [G 1 (x)] N (1 d) 1 i [G 1 (x)] N dx ˆ0 1 [G 1 (x)] N ⇣ 1 [G 1 (x)] N (1 d) ⌘ dx. The derivative of E ⇥ Z 1:N ⇤ E ⇥ Z 1:n ⇤ with respect to d is then N ˆ{x:G 1 (x)>0} [G 1 (x)] N d ln [G 1 (x)] dx < 0,
as ln(G 1 (x)) < 0 at all x in the support. This proves that E

⇥ Z 1:N ⇤ E ⇥ Z 1:n ⇤ is decreasing in d (or,
equivalently, in n). The result then follows because the right-hand side of ( 13) is increasing in f↵ and the left-hand side is decreasing in d. ⌅

Proof of Example 2. Let us first derive the cdf of Z 1:n , the maximum out of n iid draws of a Gumbel distribution. By standard arguments, this cdf is

G 1:n 1 (x) = ⇥ exp{ exp{ x 1 }} ⇤ n = exp{ n exp{ x 1 }} = exp ⇢ exp ⇢ ✓ x ln n ◆ ,
which is a Gumbel cdf with location parameter ln N and scale parameter . Its mean is therefore Therefore, firms are better-o↵ with the platform if and only if

(N ) N > d (n) n () (N ) (n) > d N n () d0 > 1 (N ) (n) ,
where the last step employed the feasibility condition (2). ⌅ Note that k > 1, as N > n. For natural numbers n and N , let us denote

⌘ lim x!z d dx ✓ 1 G 1 (x) g 1 (x) ◆ = 1 lim x!z ✓ g 0 1 (x)(1 G 1 (x)) g 1 (x) 2 ◆ = 1.
a n k ⌘ E h Z 1:kn i E h Z 1:n i and b n k ⌘ Ḡ1 1 ✓ 1 kn ◆ Ḡ1 1 ✓ 1 n ◆ ,
where Ḡ1 (x) = 1 G 1 (x) is the survival function and Ḡ1 1 is its inverse. We start with the following lemma. 

( z E ⇥ Z 1:n ⇤ z Ḡ1 1 1 n ) = 1. ( 14 
)
Hence, with the understanding that N = kn,

a n k b n k 1 = z E ⇥ Z 1:n ⇤ z E ⇥ Z 1:N ⇤ h z Ḡ1 1 1 n ⇣ z Ḡ1 1 1 N ⌘i h z Ḡ1 1 1 n ⇣ z Ḡ1 1 1 N ⌘i = z E[Z 1:n ] ⇣ z ( Ḡ1) 1 ( 1 n ) ⌘ 1 ! z E[Z 1:N ] ⇣ z ( Ḡ1) 1 ( 1 N ) ⌘ 1 ! ⇣ z ( Ḡ1) 1 ( 1 N ) ⌘ ⇣ z ( Ḡ1) 1 ( 1 n ) ⌘  1 ✓ z ( Ḡ1) 1 ( 1 N ) z ( Ḡ1) 1 ( 1 n )
◆ which numerator and denominator we call c n and d n, respectively.

Again using the fact that G 1 has tail index 1 and bounded support, Pickands (1986) implies that z Ḡ1

1 1 N z Ḡ1 1 1 n = z Ḡ1 1 1 N z Ḡ1 1 k N ! 1 k ,
as N ! 1 (or, equivalently, n ! 1). Together with (14), this implies that c n ! 0 and that 

d n !
@ 2 µ @k 2 (k ⇤ , N)(k 1) 2 ,
where k ⇤ 2 [1, k] depends on N . It is straightforward to compute that

@µ @k (k, N ) = 1 N g 1 ⇣ Ḡ1 1 k N ⌘ and @ 2 µ @k 2 (k, N ) = 1 N 2 0 B @ g 0 1 ⇣ Ḡ1 1 k N ⌘ h g 1 ⇣ Ḡ1 1 k N ⌘i 3 1 C A .
Therefore,

µ(k, N ) µ(1, N) @µ @k (1, N)(k 1) = 1 + 1 2 @ 2 µ @k 2 (k ⇤ , N) @µ @k (1, N) (k 1) = 1 + 1 2N 0 B @ g 0 1 ⇣ Ḡ1 1 k ⇤ N ⌘ h g 1 ⇣ Ḡ1 1 k ⇤ N ⌘i 3 1 C A g 1 ✓ Ḡ1 1 ✓ 1 N ◆◆ (k 1).
Because k ⇤ is bounded, g 0 1 is bounded and g 1 is non-vanishing, the second term converges to zero as N ! 1. Therefore, 

⌘ ( p + f ⇤ b + (N )) o , (18) 
which contradicts the definition of f ⇤ .

We now argue, if a platform deviates and o↵ers a firm some fee f > f ⇤ , then the firm will delist from both platforms. To see why, note that (N ) N > max

p 1 ⇢ d 2 ⇣ 1 H (N ) (p 1 p ⇤ 1 ) ⌘ (p 1 c 1 ) + 1 2 ⇣ 1 H (N ) (p 1 p ⇤ 1 ) ⌘ (p 1 c 1 f + b) ,
which follows from (17) and the envelope theorem. As a result, no platform can individually set a fee above f ⇤ . Setting a fee below this level is obviously sub-optimal. Therefore, both platform have no profitable deviation from the putative equilibrium.

Consider now the case of narrow price parity. If a firm joins any platform, this weaker form of price parity prevents the firm from setting the direct-sales price smaller than any platform price.

This implies that max

p 1 ⇢ d 2 ⇣ 1 H (N ) (p 1 p ⇤ 1 ) ⌘ (p 1 c 1 ) + 1 2 ⇣ 1 H (N ) (p 1 p ⇤ 1 ) ⌘ (p 1 c 1 f ⇤ + b)
is the maximum profit a firm can obtain by patronizing a single platform in the putative equilibrium.

The same arguments above then lead to (17), which implies that, as under broad price parity, firms strictly prefer joining neither platform than joining one but not the other in the putative equilibrium.

It then follows that if a platform o↵ers a firm some f > f ⇤ , the firm will optimally decide to delist from both platforms. This implies that platforms can do no better than o↵ering f ⇤ , concluding the proof. ⌅

Appendix B: Approximating the Optimal Cap

To illustrate Proposition 4, let G 1 be uniform in [ 1, 0]: G 1 (x) = x + 1, in which case g 1 (x) = 1.

The inverse of the hazard rate is then 1 G 1 (z) g 1 (z) = z, with lim and so

E ⇥ Z 1:N ⇤ E h Z 1:n i = ✓ 1 N 1 ◆ + ✓ 1 n 1 ◆ .
Moreover, as can be easily verified, the uniform markup is (n) = 1 n . Recall from the feasibility condition (2) 

that n N = d 1 d0
, in which case Because closed forms are available for the uniform case, we can easily assess the speed of convergence of the limit above. This is illustrated in Figure 2 for di↵erent values of k ⌘ . Inspection reveals that the convergence is very fast for k above a half (left-side panel), but slower for k close to zero (right-side panel). Even at k = 0.1, a market size of N = 150 is enough to render negligible the di↵erence between the exact value L(N ) and the limit approximation.

L(N ) ⌘ E ⇥ Z 1:N ⇤ E ⇥ Z 1:n ⇤ (N ) = N 2 ⇣ 1

  Relatedly, Bisceglia et al. (2021) consider the possibility for two competing Global Distribution Systems (GDSs)

Corollary 1 (

 1 comparative statics: potential demands) Consider two pre-visit consideration profiles, and , with potential demands of sizes d and d , and let f and f be their respective equilibrium fees under a monopolist platform. Then f  f if and only if d d .

  platforms (see, for instance, Crémer et al. 2019 and Cabral et al. 2021).

Corollary 2 (

 2 comparative statics: potential demands) Suppose the market is mature. In the context of a random utility model, consider two counterfactual consideration profiles ˆ and ˆ , with potential demands of sizes d and d , and let f↵ and f ↵ be their ↵-welfare-maximizing caps. Then f↵  f ↵ if and only if d d .
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 1 Figure 1: Cap Schedule: Utilitarian caps as a function of the expansion on consumers' considerations sets, for di↵erent profit margins.
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 1 :N ⇤ = ln N + , where ⇡ 0.577 is the Euler-Mascheroni constant. From equation (6) evaluated at ↵ = 1 it follows that the utilitarian cap is f1 = b + ln N ln n = b + ln ✓ N n ◆ . By the feasibility condition (2), d = n N . The utilitarian cap is then f1 = b ln( d), as claimed. ⌅Proof of Corollary 3. In the no-platform benchmark, the equilibrium profit of each firm isd (n) n ,whereas, with a monopolistic platform, the equilibrium profit is (N ) N .
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 31 Equation (8) follows from di↵erentiating W ( f ), which is quasi-concave in f . ⌅ Proof of Example 3. As shown in the proof of Example 2, E ⇥ Z 1:N ⇤ = ln N + , where ⇡ 0.577 is the Euler-Mascheroni constant. Plugging this into equation (8) leads to f1 = b + ln ✓ (N ) and rearranging leads to the second equality in the statement. ⌅ Proof of Proposition 4. First, note that, under Assumption 2, the tail index of the cdf G 1 is

By the feasibility condition ( 2
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Lemma 2 which we denote by a n k ⇠ b n k . Proof of Lemma 2 .

 22 As n and N grow large while satisfying (2), we obtain that lim The cdf G 1 has bounded support and tail index = 1. By Theorem 3 of Gabaix et al. (2016), we know that lim n!1

1 1 k

 1 > 0 as n ! 1. Consequently, we obtain that a n k ⇠ b n k , as wished. ⌅ Letting µ(k, N ) ⌘ Ḡ1
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 2 Figure 2: Convergence in the uniform example.

  statement of Proposition 4.

The "tourist" or "avoided-cost" test requires the merchant fee to not exceed the merchant's convenience benefit of a card payment. Under this condition, the consumer's choice of payment instrument imposes no negative externality on the merchant, which implies the payment system's aggregate price (across consumers and merchants) is no more than the aggregate benefit of a card payment. See[START_REF] Rochet | Must-take Cards: Merchant Discounts and Avoided Costs[END_REF].

Assuming hotel's profit margin is 20% and the convenience benefit of a transaction through the platform is 2%.

We assume the same scenario described in footnote 11.

In the latter case, firms can charge a lower price in the competing platform, but not in the direct sales channel. See subsection 5.2 for further discussion.

Confirming this prediction, the European Competition Network (2017) documents that the change from wide to narrow price parity did not significantly increase price di↵erentiation across hotels' sales channels, or brought significant changes in the commission fees charged by OTAs.

This is stronger than price parity, as it prevents firms from setting higher prices in the direct-sales channel.

They also assume that commissions are secretly o↵ered. Rey and Vergé (2020) extend the analysis of secret contracting within multilateral vertical relations, and find conditions under which price parity agreements do not necessarily raise retail prices at equilibrium.

In turn, Schlütter (2020) revisits the set up of Johansen and Vergé (2017) to show that, under price parity, the platform may prefer sellers to collude on prices, therefore having less incentive to ensure competition.

More formally, maps the power set 2 N into the borelian sigma-algebra B[0, 1], that is, : 2 N ! B[0, 1].

Formally, this means that (i) | (s)| = | (s 0 )| > 0 whenever s and s 0 have n elements, and (ii) | (s)| = 0 whenever s 6 = ; has cardinality di↵erent from n.

In the context of a random utility model, Assumption 1 is implied by G1 possessing a log-concave density. See, for instance,[START_REF] Caplin | Aggregation and Imperfect Competition: On the Existence of Equilibrium[END_REF].

This equilibrium can be shown to exhibit the lowest equilibrium fee, and the highest welfare among all equilibria (if other exist). It therefore provides a conservative benchmark to assess the need of regulation (see Section 4).

This follows from the fact that ln (1 d0) + d0 < 0 for all d0 2 (0, 1), and that N 1 N ⇡ 1 for N high.

d0 is close to zero. Even then, the approximation error is negligible for N = 150.

This is described in the working paper version of this article (CEPR Discussion Paper No. DP15048, available at: https://papers.ssrn.com/sol3/papers.cfm?abstract id=3661391).

As discussed in Section 2, assuming prices are chosen simultaneously to joining decisions simplifies the analysis, but does not a↵ect qualitatively the results.

See, among others, Aguiar and Waldfogel (2018) and Dinerstein et al. (2018) for empirical studies on platforms respectively using recommendation systems and search design, and de Corniere and Taylor (2019) and Teh and Wright (2020) for theoretical contributions exploring intermediation with biased recommendations.

Under price parity, it is less of a concern that the platform bypasses the cap by charging consumers, as competition (across platforms) is likely to be e↵ective in driving down consumer fees.
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Appendix A: Proofs

Proof of Lemma 1. Consider profiles v and p such that v k p k is invariant to k 2, and let µ ⌘ v 2 p 2 . Pick j = 1 and note that, because G is symmetric,

or, equivalently,

By Assumption 1, the best response of firm 1 to p 1 uniquely solves

) .

Swapping indexes we obtain the best reply of any other firm. The symmetric equilibrium has then to satisfy

as in the statement of the lemma. ⌅

Proof of Proposition 1. Consider the putative equilibrium fee profile (f ⇤ , . . . , f ⇤ ). If all firms join the platform and pay f ⇤ per transaction, the individual profit of firm 1 (as well as of any other firm)

where we employ Lemma 1 to obtain the equality in (11). If firm 1 rejects and decides to go without the platform, it obtains max

where the quantity v k p ⇤ k is invariant in k (by definition of a symmetric equilibrium). Notice that the firms other than 1 do not update their prices after 1 refuses to join, as this decision is simultaneous to price setting. The expression above can be rewritten as max

By Theorem 1 of Gabaix et al. ( 2016), we also know that

Combining ( 15) and ( 16) leads to

concluding the proof. ⌅

Proof of Proposition 5. First, note that, as firms can charge di↵erent prices inside and outside of the platform, it is a dominant strategy to join, irrespective of the fee f j o↵ered by the platform. Suppose firms set prices p j = c j + (N ) for transactions outside the platform, and pj = c j + (N ) + f j b for transactions inside the platform. In light of these prices, consumer buy inside the platform if and only if f j  b. As a result, the platform is constrained to set f j  b. That the pricing rule above is an equilibrium follows directly from Lemma 1, considering firms' marginal costs to be c j + f j b rather than c j . ⌅

Proof of Proposition 6. Consider first the case of wide price parity. We will first argue that

where f ⇤ is given by equation ( 4) and p ⇤ 1 is the putative equilibrium price. Notice that, by construction of f ⇤ , in the putative equilibrium, firms are indi↵erent between joining both platforms or neither platform. The inequality in (17) then implies that, in the putative equilibrium, firms strictly prefer joining neither platform than joining one but not the other.

To prove (17), suppose, to obtain a contradiction, that