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Vertical Mergers in Platform Markets∗ ´ ro ˆ me Pouyet† Thomas Tre ´goue ¨t‡ Je



Abstract We consider integration between platforms and devices manufacturers in presence of indirect network effects between buyers of devices and application developers. We obtain three insights. First, indirect network effects make manufacturers more collaborators than competitors, thereby lessening foreclosure concerns. Second, with direct network effects or cost to port applications, manufacturers gain by coordinating on the same platform. Vertical integration forces coordination, creates some market power and leads to foreclosure. Third, the integrated firm can subsidize one side and charge the other. Foreclosure may emerge, but is not driven by an anti-competitive motive and has an ambiguous impact on consumer surplus. Keywords: Vertical integration, two-sided markets, network effects, foreclosure. JEL Code: L40, L10, D43.



1. Introduction Motivation. Software platform industries have recently witnessed many sudden changes in the nature of the relationship between software and hardware producers. A prime example is Google’s venture in the smartphone markets, which started six years ago. Google initially maintained arm’s length relationships with several smartphone hardware producers to build the Nexus range, even after the acquisition of Motorola. Perhaps not surprisingly, that acquisition has had the side-effect of making relationship with the main licensees of its Android mobile operating system increasingly strained.1 It certainly came ∗
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as a greater surprise that Motorola was sold back only three years afterwards, in 2014, and many observers believed that more integration with hardware manufacturers was not such a smart strategy for software platforms. As of October 2016, praising the synergies associated with the so-called full-stack (that is, integrated) model, Google announced the launch of its Pixel, the first smartphone entirely conceptualized and engineered inhouse, which will benefit from exclusive Google’s technologies and be the first to boast the new Android operating system. Rumors are now rampant that Samsung, subjugated to Google for the use of its Android platform but delivering Google substantial money through services installed on its phones, may equip all of its devices with its own Tizen operating system, despite the problem of getting enough traction from application developers. The main issues we are interested in this paper can be stated as follows: In platform markets, what are the competitive effects of vertical integration between a platform and an equipment manufacturer and the risk of foreclosure? And, how direct or indirect network effects, which are endemic in these industries, ought to be considered in the analysis? In short, we obtain three insights. First, indirect network effects make manufacturers more collaborators and less competitors, and, as a result, lessen foreclosure concerns. Second, and by contrast, direct network effects provide manufacturers with the incentives to coordinate on the same operating system. Vertical integration creates thus some market power and always leads to harmful foreclosure. Third, an integrated platform harnesses indirect network effects by implementing an asymmetric price structure. This may lead to foreclosure but is not driven by a raise-the-rival’s cost motive, and rather depends on the structure of indirect network effects. In passing, we also discuss how network effects impact the profitability of vertical integration and welfare. Our analysis starts with the following base model, which builds on the extant literature.2 Platforms compete to offer operating systems to two downstream manufacturers, which then sell devices to final customers. A device gives buyers access to the applications developed for that platform. Accordingly consumers care not only about the devices’ prices but also about the number of developers joining a platform. One assumption is made: there are neither developer fees nor additional platform-specific costs beyond the development cost so that application developers care only about the total number of customers; this is relaxed later on. Indirect Network Effects. Our first contribution is to show that strong indirect network effects make manufacturers more collaborators and less competitors: a manufacturer’s demand may either increase or decrease when the other manufacturer cuts its price. The reason is simple and illuminates the role of indirect network effects on the downstream interaction between manufacturers: a price reduction on one device increases the total number of buyers and, thus, makes platforms more attractive for multi-homing developers; this, in turn, increases the buyers’ willingness to pay for all the devices. When 2



We focus on the literature that determines circumstances under which vertical integration creates some market power, and, thus, may lead both to soften downstream competition at the expense of final customers and to harmful foreclosure of non-integrated competitors; see, e.g., Salop and Scheffman (1983), Ordover et al. (1990) or Chen (2001). Another strand, following Hart and Tirole (1990), shows that vertical integration may be used as a way not to create but, rather, to restore the upstream market power, which was eroded by a lack of commitment; see Rey and Tirole (2007) and Riordan (2008) for surveys.
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indirect network effects are strong (weak) relative to product market competition, manufacturers end up being collaborators (competitors): a price decrease by one manufacturer boosts (reduces) the rival manufacturer’s demand and, formally, everything happens ‘as if’ manufacturers were producing demand complements (substitutes).3 We say that there is a positive (negative) externality among manufacturers when the demand faced by a manufacturer decreases (increases) with the price set by its rival. Efficiency Gains. Our analysis then proceeds by analyzing the competitive impact of vertical integration when it creates efficiency gains or when platforms are asymmetrically efficient. In equilibrium, whatever the externality between manufacturers, the non-integrated manufacturer buys from the integrated firm at a royalty strictly above the pre-merger level. The impact of vertical integration on foreclosure depends, however, on whether manufacturers are collaborators or competitors: with a positive externality, a merger which makes the integrated manufacturer more efficient (through the removal of a double marginalization or through synergies) benefits the non-integrated manufacturer; with a negative externality, the merger hurts the non-integrated manufacturer. From an antitrust perspective, everything happens as if indirect network effects ‘scale down’ the intensity of product market competition at the retail level. This suggests to adopt a more lenient stance vis-`a-vis vertical integration than in standard markets, and all the more so that indirect network effects are strong. Cost to Port Applications and Direct Network Effects. Once an application is developed, a developer has to bear additional costs to make it available on a specific platform or on a specific operating system. This leads to the phenomenon of ‘fragmentation,’ according to which the sometimes-prohibitive costs to port an application on different operating systems lead to the scattering of developers across competing platforms. Costly porting implies a first departure from our base model, for by coordinating on the same platform manufacturers reduce the developers’ total cost and thus increase the number of available applications, thereby making their devices more attractive to buyers.4 A very similar phenomenon arises in the presence of direct network effects on one side of the market: if each buyer values the total number of smartphone buyers (through messaging apps or games), or if developers value the total number of application developers (because this facilitates solving coding issues), then manufacturers have incentives to adopt the same operating system. These motives for coordination are pervasive in platform markets and we show that they always reinforce concerns about foreclosure. Intuitively, they provide platforms with some market power, for some gains are lost if manufacturers do not coordinate on the same platform. When platforms are symmetric and non-integrated, and thus compete fiercely to license their operating systems, these gains end up being fully pocketed by the manufacturers. Integration, however, forces coordination on the integrated platform, and 3



In a broad sense, that the ‘two-sidedness’ nature of a market can change the nature of the interactions has appeared in other contexts. For instance, in media markets, Reisinger et al. (2009) show that advertising levels can be either strategic complements or substitutes. Amelio and Jullien (2012) make a similar observation in the context of tying in two-sided markets. 4 The base model neutralizes these motives for coordination since the choice of platform by a manufacturer did not change the participation of developers.
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empowers the integrated firm with the ability to raise its royalty so as to extract some of the non-integrated manufacturer’s gain from coordination. Welfare. Whether consumers gain or lose from vertical integration also depends on the source of the integrated platform’s market power: vertical integration increases (decreases) consumer surplus with efficiency gains combined with indirect network effects (with motives for coordination between manufacturers). The private profitability of vertical integration is ambiguous, even when it brings efficiency gains. On the one hand, when indirect network effects are strong and manufacturers are collaborators, the strategic response of the non-integrated manufacturer impacts negatively the integrated firm’s profit. On the other hand, motives for coordination make vertical integration profitable. From a managerial perspective, our model suggests that in platform markets with strong indirect network externalities and weak direct network effects on both sides, platforms may well prefer to remain at arm’s length relationships with device manufacturers. Developer Fee and the Structure of Indirect Network Effects. Last, we introduce fees that developers have to pay to join the platforms and assume away any efficiency gains or coordination motives. Developer fee introduces two new aspects: first, the integrated platform has now a monopoly market power over the buyers of its devices, which enables to charge application developers; second, the integrated platform can control the pricing on both sides of the market, the price for its device and the fee paid by developers. Whereas under separation a platform has no direct contact with the buyers of devices (this is mediated by manufacturers), an integrated platform can now harness the indirect network effects between both sides of the market by choosing the price structure appropriately. Much in the spirit of the two-sided market literature, the structure of the indirect network effects now determines which side ought to be ‘subsidized’ or ‘taxed’ by the integrated platform. When application developers value strongly the number of buyers of devices, the integrated platform sets a low price for its own device, and, simultaneously, a high fee on developers. The non-integrated manufacturer’s profit is thus negatively impacted, for its demand shrinks. This result is obtained in a setting where the externality between manufacturers is nil, and there are neither efficiency gains nor motives for coordination: foreclosure does not emerge from the desire to soften competition, but, rather, simply because the integrated platform has the ability, and is sometimes willing, to implement an asymmetric price structure. Not all asymmetric price structures lead to foreclosure, however: when buyers of devices value strongly the number of applications, the integrated platform sets a negative developer fee and a high price for its device, and the non-integrated manufacturer benefits from the vertical merger. Last, with developer fee, vertical integration is always profitable and its impact on consumer surplus is ambiguous. Roughly speaking, consumers gain when indirect network effects are sufficiently asymmetric, that is when there are large gains to internalize the indirect network effects across both sides of the market: this can be reached under integration, although imperfectly. Related literature. To the best of our knowledge, our paper is the first to link, on the one hand, the literature on two-sided markets, and, on the other hand, the litera-
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ture on strategic vertical integration in the specific context of platforms-manufacturers relationships. From the literature on two-sided markets, we borrow the general insight that indirect network effects are key to understanding the platform pricing and competition (Caillaud and Jullien, 2003; Armstrong, 2006; Rochet and Tirole, 2006; Weyl, 2010). That literature has considered more recently the effect of exclusive dealing between a platform and content providers (that is, developers in our model): Evans (2013) discusses the antitrust of such vertical relations in platform industries; Doganoglu and Wright (2010) and Hagiu and Lee (2011) provide a rationale for why platforms sign exclusive contract with content providers; Church and Gandal (2000) describe the incentives of a manufacturer that is integrated with a developer to make its applications compatible with the hardware of a rival manufacturer; Hagiu and Spulber (2013) show that investment in first-party content (that is, vertical integration with one side of the market) depends on whether a platform faces a ‘chicken-and-egg’ coordination problem; in the videogame industry, Lee (2013) finds that exclusivity tends to be pro-competitive, in that it benefits more to an entrant platform than to an incumbent platform. While we share with these papers the issue of the competitive impact of vertical restraints in a two-sided market, our work also differs substantially, for we are interested in the vertical relations between platforms/operating systems and manufacturers when devices are an essential link to connect buyers and developers. Our analysis also belongs to the strategic approach of foreclosure initiated by Ordover et al. (1990). A message conveyed by that literature is that vertical integration can lead to input foreclosure and be detrimental to consumer surplus. Analyses that feature trade-offs between the pro- and the anti-competitive effects of vertical integration include: Ordover et al. (1990) and Reiffen (1992) when integration generates an extra commitment power; Riordan (2008) and Loertscher and Reisinger (2014) when the integrated firm is dominant; Chen (2001) when manufacturers have switching costs; Choi and Yi (2000) when upstream suppliers can choose the specification of their inputs; Chen and Riordan (2007) when exclusive dealing can be used in combination with integration; Nocke and White (2007) and Normann (2009) when upstream suppliers tacitly collude; Hombert et al. (2016) when there are more manufacturers than upstream suppliers; and Hunold and Stahl (2016) when integration can be either controlling or passive.5 None of these papers deal with multi-sided markets and our analysis bring several new insights. First, indirect network effects affect the nature of the interaction in the downstream market by making manufacturers behave as if they were producing demand complements; we thus contribute to this literature by considering the case of demand complements. Second, foreclosure emerges if manufacturers have incentives to coordinate on the same platform, a phenomenon which arises naturally in the context of platform markets, but, surprisingly, has not been considered in that literature. Third, the structure of indirect network effects plays a critical role when platforms compete both with royalties and with developer fees: here we fully exploit the two-sided aspect of our framework to understand how competition on the manufacturers’ side and on the developers’ side may lead to foreclosure. Organization of the Paper. Section 2 gives a quick overview of the smartphone 5



For empirical analyses, see, e.g., Lafontaine and Slade (2007) and Crawford et al. (2016) and the references therein.
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industry, putting the emphasis on the relationships between operating systems and manufacturers of devices. Section 3 describes the model. Section 4 characterizes the impact of vertical integration on manufacturers’ profits. Section 5 shows that, in platform markets, several characteristic features provide manufacturers with the incentives to join the same platform and derives the implications of such a motive for coordination. Section 6 studies the impact of vertical integration on consumer surplus. Section 7 analyzes the impact of vertical merger when platforms charge fees to developers. Section 8 concludes. All proofs are relegated to the Appendix. Some results are illustrated in a more structured version of our model, which is available in the Online Appendix.



2. A Quick Background on the Smartphone Industry As of 2016, the smartphone industry is dominated by two software platforms: market shares are 84% for Google Android, 15% for Apple iOS and 1% for the other platforms (Windows Phone, Blackberry, etc.). Google and Apple have different business models: Android is an open-source platform that can be installed by any manufacturers willing to do so; Apple is fully integrated and does not license its operating system. Google makes profits through ads displayed on Android phones and from its mobile applications store (Google Play). It also collects user data from a set of applications: Google Search, Google Maps, etc. Though Android is an open-source platform, manufacturers can use the Android brand and the core applications developed by Google (Google Play, Google Search, Google Maps, etc.) only if they sign a Mobile Application Distribution Agreement (MADA). A MADA requires that a manufacturer makes its device “compatible” with Android (that is, a device must satisfies minimum requirements established by Google) and that all Google applications are installed and placed prominently (that is, not far from the default home screen). This makes the manufacturers’ applications and application stores less visible to the end users. Accordingly, a MADA determines how the stream of revenue from the purchasing of applications and the monetization of users data (through advertising for instance) is shared between Google and the manufacturer.6,7 The top Android devices’ manufacturers are, in order of market share, Samsung, Huawei, Oppo and LG. These manufacturers produce a number of new devices each year, ranging from high-end expensive ‘flagship’ smartphones to low-end cheap smartphones. Though they all use Android, manufacturers often add an in-house user interface (Touchwiz for Samsung, Emotion UI for Huawei, etc.). This allows a manufacturer to differentiate its products from its competitors and to promote its own services and applications. Until recently, Google did not engineered smartphones for Android. It is worth noting that the major manufacturers have developed or are in the process of developing their own mobile operation systems: Samsung’s Tizen is already installed on a handful of devices (TV, watches, etc.); rumors indicate that Huawei is currently working on its own operating system with former developers from Nokia; in 2013, LG bought a license of WebOS from HP; Amazon developed a non-compatible “fork” of Android named FireOS; etc. In addition, there are alternative licensable mobile operating systems: 6



Choi and Jeon (2016) study how a platform can leverage some market power through such tying agreement. See also Edelman (2015). 7 The MADAs are confidential. However, the agreements between Google and HTC/Samsung have been made available to the public during a litigation in 2014. See “Secret Ties in Google’s “Open” Android,” http://www.benedelman.org/news/021314-1.html
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Microsoft sells licenses of Windows 10 Mobile; Firefox OS (the development of which has been abandoned recently); various forks of Android (Aliyun OS, Cyanogen, etc.). Manufacturers are however reluctant to launch smartphones with operating systems non compatible with Android, for they will lose the benefits of the thousands of applications available on the Google Play Store. In addition, manufacturers that offer devices on which Google applications are installed sign an anti-fragmentation agreement which prevents them for selling devices non compatible with Android.8 Concerns about foreclosure of Android manufacturers are currently investigated by the EU commission.9 Similar concerns were also raised in two recent merger cases. In the Google-Motorola merger: “The Commission considered whether Google would be likely to prevent Motorola’s competitors from using Google’s Android operating system.”10 Similarly, in the Microsoft-Nokia merger, the Commission “investigated the vertical relationships between the merged entity’s activities in the downstream market for smart mobile devices and Microsoft’s upstream activities in mobile operating systems.”11



3. Model and Preliminary Results We consider a two-sided market where buyers and developers of applications may interact. These interactions require three types of decision: buyers must purchase a device from a manufacturer; developers must decide which platforms to develop for; manufacturers must equip their devices with an operating system licensed by a platform. 3.1. Main Assumptions Platforms. There are three platforms, an incumbent I and two entrants E1 and E2 . I has a competitive advantage over E1 and E2 : I’s marginal cost to provide its operating system is nil whereas it is equal to δ > 0 for Ei , i = 1, 2, with δ not too large to ensure that platforms Ei put an effective competitive pressure on the more efficient platform I.12,13 Platforms levy non-negative royalties from manufacturers.14 Let wk denote the royalty paid by manufacturer Mk (k = 1, 2) to the chosen platform for each device using that platform’s operating system and sold to buyers. The royalty may also be interpreted as the share of the revenues generated from user data that accrues to the platform. 8



In 2012, Acer attempted to launch a smartphone with Aliyun OS, a mobile operating system developed by Alibaba. Aliyun was partially compatible with Android applications and, in particular, with Google applications. Despite the claims of Alibaba, Google argued that Aliyun OS was based on Android and, accordingly, had to have a license to use the Google applications. Acer promptly renounced to launch an Aliyun smartphone when Google threatened it to cancel its Android license. 9 http://europa.eu/rapid/press-release_IP-16-1492_en.htm 10 http://europa.eu/rapid/press-release_IP-12-129_en.htm 11 http://europa.eu/rapid/press-release_IP-13-1210_en.htm 12 The competitive advantage of platform I may, alternatively, come from an existing base of developers, a better software, etc. The assumption that I has a lower marginal cost is a convenient shortcut to capture these scenarios. Notice that the least efficient platform E can be seen as an alternative mobile operating system that may be developed in-house by a manufacturer (for instance, Tizen for Samsung) but at a higher cost. 13 Having three platforms ensures intense competition between platforms both under separation and integration. As detailed in the analysis below, it prevents a non-integrated platform from exerting market power on non-integrated manufacturers. 14 We consider two-part tariffs in the Online Appendix and show that our results are qualitatively the same.
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Contracts between a manufacturer and a platform, such as the MADA discussed in Section 2, typically specify which party owns the data and, accordingly, who can monetize it, through advertising for instance. For clarity of exposition, we assume that platforms levy no fees from developers; that assumption is relaxed later on in Section 7. Application Developers. We assume there is no platform-specific costs beyond the development cost.15 Then, since there is no developer fee, once an application is developed, it can be made available on all platforms so as to reach all buyers of devices. Let QS (nB ) denote the quasi-demand of developers, that is, the number of developers who develop an application given that there are nB = nB1 + nB2 buyers of devices, where nBk stands for the number of buyers of device produced by manufacturer Mk . Assume that application developers value positively the number of buyers (∂QS /∂nB > 0). Manufacturers. Manufacturers are symmetric and produce at the same constant marginal cost normalized to nil. In our two-sided framework, the buyers’ demand for manufacturer Mk ’s device depends on the number of applications developed, and on the non-negative prices charged by manufacturers to buyers, denoted by p1 and p2 . Hence, manufacturer Mk ’s quasi-demand may be written as QB (pk , p` , nS ). Assume that devices are demand substitutes for buyers (∂QB /∂pk < 0 < ∂QB /∂p` ), that the direct price effect is stronger than the indirect one (|∂QB /∂pk | > ∂QB /∂p` ), and, that buyers value positively the number of applications (∂QB /∂nS > 0).16 Linear Example. We sometimes use the following specification of the model: - Buyers’ demand is given by17   pk + p ` , QB (pk , p` , nS ) = v + uB nS − pk − γ pk − 2 where γ ≥ 0 measures the degree of substitutability between products (or of product market competition) and uB the strength of indirect network effects from the buyer’s side. - There is a unit mass of developers. A developer’s gross profit from interacting with a mass nB of buyers is given by uS nB , where uS relates to the strength of indirect network effects from the developer’s side. Developers are heterogeneous with respect to their development cost f˜, drawn according to the uniform distribution on [0, 1]. Hence QS (nB ) = uS nB . 15



That assumption is relaxed later on in Section 5. This specification of quasi-demands implies that buyers of devices and developers of applications have no intrinsic preferences for the operating systems, that is, platforms are not differentiated. 17 This is Shubik and Levitan (1980)’s linear demands system, to which we append indirect network effects additively. The gross utility function of the representative buyer is then given by 16



q0 + (v + uB nS )



X k=1,2



qk −



X X 1 1 (2 qk2 + γ( qk )2 ), 2 2(1 + γ) k=1,2



where q0 is the num´eraire and qk is the quantity of device k bought.



k=1,2
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- The overall strength of indirect network effects plays a key role in our analysis and is denoted by µ = uB uS . Timing. In stage 1, platforms I, E1 and E2 set royalties for manufacturers M1 and M2 . Then, in stage 2, M1 and M2 decide which platforms to buy from.18 Once operating systems are chosen, manufacturers set the prices of their devices in stage 3. Last, in stage 4, buyers decide whether to buy a device, and, simultaneously, developers decide whether to develop an application. All prices and affiliation decisions are public. We look for subgame-perfect equilibria of the game. 3.2. Participation Decisions At the last stage of the game, given devices prices p1 and p2 , the number of buyers of each device and the number of developers must be consistent with each other and solve   nB1 = QB (p1 , p2 , nS ), nB2 = QB (p2 , p1 , nS ), (3.1)  nS = QS (nB1 + nB2 ). Denote by Dk (pk , p` ),19 k 6= ` ∈ {1, 2}, and DS (p1 , p2 ) the solution of (3.1) and assume that solution is interior for the relevant range of prices. Then, as expected, the developers demand is decreasing in both prices (∂DS /∂pk < 0), the demand for a device decreases with its own price (∂Dk /∂pk < 0) and we further impose that it is more responsive to its own price than to the price of the other device (|∂Dk /∂pk | > |∂Dk /∂p` |).20 Perhaps more surprising is the fact that indirect network effects impact the nature of the interaction between manufacturers on the product market in the following sense: the demand for device faced by a manufacturer may either increase or decrease with the price of the rival manufacturer, depending on the strength of indirect network effects relative to the degree of product market competition. Indeed, using (3.1), it comes immediately ∂QB ∂QB ∂DS ∂Dk = + , ∂p` ∂p` ∂nS ∂p` which can be positive or negative. If, say, p` increases, then some consumers are diverted from M` and Mk ’s demand increases by ∂QB /∂p` . This is the standard rivalry effect created by product market competition between manufacturers. The increase of p` has, moreover, a negative impact on the total number of buyers, since the direct price effect on buyers of device ` is stronger than the indirect price effect on buyers of device k (d(QB (p` , pk , nS ) + QB (pk , p` , nS ))/dp` < 0). Since there are less buyers overall, there are fewer applications too, for developers find it less attractive to develop. This negatively affects Mk ’s demand by ∂QB /∂nS . We therefore expect that when indirect network effects are small (that is, when ∂QB /∂nS ∂DS /∂p` ≈ 0), the rivalry effect created by product market competition dominates and ∂Dk /∂p` ≤ 0; by contrast, when product 18



Since platforms are not differentiated, manufacturers have incentives to make their devices available on one platform only. 19 Since manufacturers are symmetric, D1 (p1 , p2 ) = D2 (p1 , p2 ), for all prices p1 and p2 . 20 In Appendix A.1, we show, first, that (3.1) has a unique solution if indirect network effects are not too strong, which amounts to µ < 1/2 in the linear example, and, second, that |∂Dk /∂pk | > |∂Dk /∂p` | for symmetric prices, and for any prices in the linear example.
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market competition is weak (that is, when ∂QB /∂p` ≈ 0), then the interaction created by indirect network effects dominates and ∂Dk /∂p` ≥ 0. This points toward introducing the following distinction. Definition 1. A manufacturer exerts a globally positive (respectively, negative) externality on its rival if a decrease in its price increases the demand faced by the rival, that is, if ∂Dk /∂p` ≤ 0 (respectively, ∂Dk /∂p` ≥ 0), k 6= ` ∈ {1, 2}, in the relevant range of prices. In the sequel, we say that that manufacturers are collaborators (competitors) when the externality is positive (negative). When collaborators (competitors), everything happens ‘as if’ manufacturers were producing demand complements (substitutes). In the linear example, the externality across manufacturers is positive if and only if γ ≤ 2µ/(1 − 2µ) or, equivalently, µ ≥ γ/(2(1 + γ)). 3.3. Competition Between Manufacturers At stage 3, manufacturers compete on the product market. Given a royalty wk that it pays, Mk ’s profit writes as πk (pk , p` ) = (pk − wk )Dk (pk , p` ), k 6= `. We need several standard assumptions which ensure that that price competition subgame is ‘well-behaved.’ First, the best response in price of manufacturer Mk , denoted by Rk (p` , wk ), is uniquely k (Rk (p` , wk ), p` ) = 0.21 Second, the slope of characterized by the first-order condition ∂π ∂pk manufacturers’ best responses has a constant sign and is smaller than 1 in absolute value. Accordingly, there exists a unique pair of prices (p∗1 (w1 , w2 ), p∗2 (w2 , w1 )) which forms the Nash equilibrium of stage 3 of the game. Third, the equilibrium price of a manufacturer is increasing in its marginal cost, and, the cost pass-through is smaller than 1, that is, ∂p∗k 0 < ∂wk (wk , w` ) < 1, k 6= ` ∈ {1, 2}.22,23 Slightly abusing notations, πk (wk , w` ) denotes Mk ’s profit from the subgame starting at stage 3, that is, πk (wk , w` ) = (p∗k (wk , w` ) − wk )Dk (p∗k (wk , w` ), p∗` (w` , wk )). In the sequel, it will be sometimes useful to keep track of the operating systems chosen by manufacturers. To this end, subscript ‘ij’ refers to situations where manufacturers M1 and M2 buy from platforms i and j respectively, with i, j ∈ {I, E1 , E2 }. Mk ’s profit then writes πkij (wk , w` ). Demands and prices are denoted accordingly. A first and straightforward result is the following. Lemma 1. When the externality between manufacturers is positive (respectively, negative) a manufacturer’s profit increases (respectively, decreases) when its rival becomes more efficient, that is ∂πk ∂Dk (pk , p` ) ≤ 0 ⇔ (wk , w` ) ≤ 0. ∂p` ∂w` Proof. Using the envelope theorem, it comes immediately that ∂πk ∂Dk ∗ ∂p∗` ∗ ∗ (wk , w` ) = (pk (wk , w` ) − wk ) (p (wk , w` ), p` (w` , wk )) (w` , wk ), ∂w` ∂p` k ∂w` 21



The dependence of a manufacturer’s best response on its marginal cost is made explicit for future reference. 22 That the pass-through is smaller than 1 is an assumption often made in industrial organization. Weyl and Fabinger (2013) study the link between the log-curvature of demand functions and pass-through rates; see also Ritz (2017). 23 All these assumptions are satisfied in the linear example.
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≥ 0 and negative otherwise.



As argued later on, this result will be instrumental to assess whether vertical integration leads to foreclosure of the non-integrated manufacturer.



4. Indirect Network Effects and Foreclosure We study in this section the consequences of vertical integration between the efficient platform I and one manufacturer. Separation Benchmark. These consequences are assessed relative to the benchmark situation of no integration (sometimes called separation). Absent integration, platforms compete in royalties to sell their operating systems to manufacturers. At equilibrium of this asymmetric Bertrand game, the most efficient platform sells to both manufacturers at a royalty equal to the marginal cost of the least efficient platforms, that is, wI = δ. Manufacturers’ profits are denoted by π ˆkII (δ, δ), k = 1, 2. For future reference, it it useful to write manufacturer Mk ’s best response in price, which is characterized by (4.1)



(pk − δ)



∂Dk (pk , p` ) + Dk (pk , p` ) = 0. ∂pk



Under separation, manufacturers buy from the most efficient platform but at a price strictly above that platform’s marginal cost (δ > 0). There is thus a double marginalization between platform I and both manufacturers. 4.1. Equilibrium Market Structure Consider now that platform I is vertically integrated with manufacturer M1 . Since E1 and E2 are symmetric, they will undercut each other to attract the non-integrated manufacturer M2 . To streamline the analysis, we say in the following that if M2 buys from one of the non-integrated platform, it chooses platform E that offers a royalty wE = δ. The next proposition determines the market structure at equilibrium, as well as the royalty paid by the non-integrated manufacturer M2 . Proposition 1. In equilibrium, the vertically integrated platform supplies the non-integrated manufacturer at a royalty w∗ (δ), strictly above the pre-merger level δ, such that the nonintegrated firm is indifferent with buying the less efficient platform’s operating system at a royalty δ: π2II (w∗ (δ), 0) = π2IE (δ, 0). Proof. See Appendix A.2. Vertical integration has three effects: an efficiency effect, an accommodation effect, and, an upstream market power effect. First, vertical integration allows to get rid of one double marginalization: the integrated manufacturer M1 can now buy I’s operating system at its marginal cost (0). All else equal, the integrated manufacturer M1 becomes more efficient on the product market. Second, suppose the non-integrated manufacturer M2 adopts platform E’s operating system. The integrated firm’s profit is thus p1 D1 (p1 , p2 ) and its best response in price solves (4.2)



p1



∂D1 (p1 , p2 ) + D1 (p1 , p2 ) = 0. ∂p1
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If, instead, the non-integrated manufacturer M2 chooses I’s operating system at some royalty w, then the integrated firm’s profit is p1 D1 (p1 , p2 ) + wD2 (p2 , p1 ) and its best response now solves24 (4.3)



p1



∂D2 ∂D1 (p1 , p2 ) + D1 (p1 , p2 ) + w (p2 , p1 ) = 0. ∂p1 ∂p1



Comparing (4.2) and (4.3) shows that when M2 buys from I rather than from E, the integrated platform becomes accommodating in that it sets its downstream price p1 with an eye on how this impacts the revenue earned from licensing its operating system, or, equivalently, so as to boost the demand faced by the non-integrated manufacturer. Third, as a consequence of the accommodation effect, if the integrated platform offers w = δ, the non-integrated manufacturer strictly prefers buying from I rather than from E. The integrated firm is therefore empowered with some upstream market power, which allows to attract M2 even though it sets a royalty above the pre-merger level (w > δ). Provided that δ is not too large, the integrated firm wants to license the non-integrated manufacturer at the highest royalty consistent with its participation. The royalty is used to shift part of the non-integrated manufacturer’s profit into the integrated firm’s pocket. At equilibrium, M2 ’s profit, π2II (w∗ (δ), 0), coincides with that obtained if it were choosing E’s operating system instead, namely π2IE (0, δ). Observe finally that these results do not depend on whether the externality between manufacturers is positive or negative.25 4.2. Foreclosure From Proposition 1, one could be tempted to conclude that vertical integration always leads to harmful foreclosure, for the royalty paid by the non-integrated manufacturer increases above the pre-merger level. However, what matters is not the royalty, but, rather, the non-integrated manufacturer’s profit after the merger, which is equal to π2IE (δ, 0) from Proposition 1. But when M2 buys from E, there are neither an accommodation effect nor an upstream market power one, and that profit easily compares with M2 ’s profit before the merger: with respect to the separation benchmark, the only change is that M2 faces a more efficient competitor on the product market. Applying Lemma 1 immediately yields the following result.26 Proposition 2. The non-integrated manufacturer gains from the vertical merger if and only if there is a positive externality. Proof. Using Proposition 1, π2II (w∗ (δ), 0) = π2IE (δ, 0). Lemma 1 allows to conclude. 24



For the subgame of price competition between the integrated manufacturer and the non-integrated one, we adopt assumptions similar to those made in Section 3.3. 25 Charging w > δ implies that M2 ’s price increases: a positive (respectively, negative) effect when the externality is negative (respectively, positive). Hence, all else equal, the integrated firm has less incentives to raise the royalty when the externality is positive than when it is negative. However, for δ not too large, whatever the sign of the externality, the integrated platform wants to raise its royalty as much as possible. 26 We show in the Online Appendix that the same result obtains when we allow two-part tariffs.
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Strong indirect network effects relative to the intensity of product market competition make manufacturers more collaborators than competitors; as a result, since vertical integration makes the integrated manufacturer more efficient, the non-integrated manufacturer benefits from the merger. By contrast, a strong rivalry on the product market relative to the strength of indirect network effects make manufacturers more competitors than collaborators and vertical integration hurts the non-integrated manufacturer. 4.3. Profitability of Vertical Integration To assess whether the merger is profitable, we compare the joint profit of platform I and manufacturer M1 before and after the merger. Proposition 3. Consider the linear example. - With a positive externality across manufacturers, the merger is profitable if and only if indirect network effects are not too strong relative to product market competition: there exists µ ˆ(γ) such that the merger is profitable if and only if µ ≤ µ ˆ(γ). - With a negative externality across manufacturers, the merger is always profitable. Proof. See the Online Appendix. Remind that when vertical integration brings some efficiency gains, it commits the integrated manufacturer to reduce its price. The accommodation and upstream market power effects both lead the integrated manufacturer to reduce (increase) its price when manufacturers are collaborators (competitors). Notice, finally, that in the linear example prices are strategic substitutes when the externality is positive and strategic complements when it is negative.27 Hence, all three effects push the integrated manufacturer to lower its price when manufacturers are collaborators, which leads the non-integrated manufacturer to increase its own price when devices prices are strategic substitutes. That strategic reaction impacts negatively the integrated firm’s profit, which explains the first part of the proposition.28 By contrast, when manufacturers are competitors and prices are strategic complements, the integrated manufacturer’s price may either increase or decrease, and so does the nonintegrated manufacturer’s price; in the linear example, the efficiency effect turns out to dominate and makes the merger always profitable.



5. Coordination Motives and Foreclosure Our modeling has assumed so far that the total numbers of developers and of buyers do not depend on whether or not manufacturers choose the same operating system. While that assumption allowed to obtain clear-cut results, it may not always be satisfactory in the context of platform markets for the following reasons: 27



Observe that we made, so far, no assumptions on the nature of the strategic interaction between manufacturers. 28 A similar effect arises in the case of an horizontal mergers between Cournot competitors: because quantities are then strategic substitutes, the strategic reaction of outsiders hurts the merging firms, thereby reducing the profitability of the merger.
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´goue ¨t J. Pouyet & T. Tre - Cost to port applications. The cost of porting an existing application to a new operating system, while usually less than the cost of writing it from scratch, is non-negligible.29 - Direct network effects among users on one side of the market. The larger the community of developers using the same programming langage is, the easier it becomes to find help to overcome coding issues. Similarly, platforms often promote in-house services that encourage interactions among its users (for instance, messaging apps or games).30



Costs to port applications and direct network effects provide manufacturers with incentives to coordinate on the same platform. This limits the fragmentation of developers across different systems and boosts the number of applications available; or, this increases the value for users benefiting from direct network effects. This section analyzes how these coordination motives across manufacturers affect the competitive analysis of vertical integration. To emphasize the differences with the previous analysis, we assume from now on that platform I has no cost advantage, that is, δ = 0. In the base model, this implies that a vertical merger has no impact with respect to the separation benchmark (since w∗ (0) = 0). 5.1. Cost to Port Applications Let us amend the base model as follows. Suppose developers are heterogeneous in the cost to make their application available on a platform: a share α ∈ [0, 1] bears the development cost each time they want to publish their application on a platform; the remaining 1 − α share of developers incurs only the development cost before making their application available on both platforms. Parameter α captures the idea that porting an application on several operating systems can be costly and is thus an inverse measure of scale economy in application development. When α = 1, developers care only about the number of customers on the platform when deciding whether to develop for that platform; when α = 0, developers do not care about which platform customers are affiliated with, but only about the total number of customers brought by the manufacturers. Separation Benchmark. When M1 and M2 buy from I and E respectively, developers’ quasi-demands are given by31  nSI = αQS (nB1 ) + (1 − α)QS (nB1 + nB2 ), (5.1) nSE = αQS (nB2 ) + (1 − α)QS (nB1 + nB2 ). If, instead, manufacturers coordinate on, say, platform I, developers’ quasi-demands are 29



Page and Lopatka (2009, pp. 98-99) discuss the importance of porting costs for developers, and their consequences for antitrust. For empirical analyses of the applications market, see, e.g., Boudreau (2012), Ghose and Han (2014), Yin et al. (2014) and the references therein. 30 Katz and Shapiro (1985) highlight another form of direct network effects: more users on a platform may lead to a higher quality of postpurchase services, a relevant dimension for electronic devices that require both hardware maintenance and software update on a regular basis. 31 nSi stands for the number of developers that affiliate with platform i and nBk denotes the number of customers that buys Mk ’s device.
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given by  (5.2)



nSI = QS (nB1 + nB2 ), nSE = 0.



For α < 1, QS (nB1 + nB2 ) > αQS (nBk ) + (1 − α)QS (nB1 + nB2 ), ∀k ∈ {1, 2}: when manufacturers coordinate their affiliation decisions and choose the same operating system so as to benefit from a larger number of applications, this, in turn, boosts the demands for their devices. Assume that this then leads to higher downstream profits.32 Since platforms are symmetric (δ = 0), they compete fiercely to attract manufacturers, which, in equilibrium, pay a nil royalty and coordinate on one of the platform.33 Intense competition on the market for operating systems prevents platforms from charging royalties above the marginal cost and manufacturers fully pocket the gains associated to their coordination. Given that developers bear no cost to port at equilibrium, the manufacturers’ profit is given by π ˆkII (0, 0), k = 1, 2. Impact of Vertical Integration. The next result describes how such coordination motives impact the equilibrium after vertical integration. Proposition 4. Assume no efficiency gains (that is, δ = 0) and a cost to port application (that is, α > 0). Then: - The non-integrated manufacturer affiliates with the integrated platform and pays a royalty w∗∗ (α) strictly above the pre-merger level 0. - The non-integrated manufacturer looses from the vertical merger and the extent of ˆ2II (0, 0) and (w∗∗ )0 (α) ≥ 0). foreclosure increases with α (that is, π2II (w∗∗ (α), 0) < π - Vertical integration is always profitable. Proof. See Appendix A.3. While the first part of Proposition 4 bears some resemblance with Proposition 1, the underlying logic is different. Vertical integration still generates an accommodation effect when the non-integrated manufacturer buys the integrated platform’s operating system. But since platforms are symmetric (because δ = 0), the non-integrated platform can always undercut until the royalty is nil, at which point the accommodation and upstream market power effects discussed in Section 4 both disappear. The presence of a cost to port application creates actually a different source of upstream market power, for vertical integration forces the coordination of manufacturers 32



In imperfectly competitive industries, it could be that a common positive shock on demand ends up decreasing the firms’ profit. In a Cournot framework, Seade (1980) finds conditions under which a common increase in the firms’ marginal cost increases or decreases equilibrium profits. Cowan (2004) extends the analysis to demand shocks. Given the focus of our analysis, we directly consider that (given royalties) a positive demand shock increases the manufacturers’ profits. 33 To be more precise, M1 and M2 play a coordination game in stage 2. Accordingly, for given royalties, there can be multiple equilibria in the choice of platforms by manufacturers. We ignore this potential coordination problem and assume that, for all relevant royalties, manufacturers coordinate on the cheapest platform. See our working paper (Pouyet and Tr´egou¨et, 2016) where we discuss coordination failures.
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on the integrated platform. Indeed, if the non-integrated manufacturer were to buy the non-integrated platform’s operating system, it would loose the gains associated to the coordination of manufacturers on the same operating system (the number of developers would be given by (5.1) instead of (5.2)). Put differently, porting costs reduce the nonintegrated manufacturer’s outside option in its bargaining with the integrated platform. That threat of loosing the benefits of coordination enables the integrated platform to extract a higher royalty from the non-integrated manufacturer. Part of the gains associated to the coordination of manufacturers are now pocketed by the integrated firm. 5.2. Direct Network Effects Last, we briefly consider the possibility of intra-group network effects. To account for network effects among, say, buyers, the quasi-demand of our base model is modified as follows. If device k is equipped with platform i’s operating system, then the number of buyers of device k may be written as follows nBk = QB (pk , p` , nS , nBi ), where nBi is the total number of users on platform i. Positive direct effects among buyers arise when QB (·) is increasing in nBi . If device k is the sole running platform i’s operating system, then nBi = nBk . If, however, both devices run that operating system, then nBi = nB1 + nB2 . Demands derived from these quasi-demands are obviously larger when manufacturers coordinate on the same operating system than when they choose different operating systems. Hence, direct network effects lead to qualitatively similar effects than those obtained with a cost to port application.



6. Welfare To analyze how vertical integration impacts surplus, we must determine how integration affects the prices of devices on the product market, but also on how these price variations affect the participation of developers on the other side of the market. The Total Price. We can combine the quasi-demands defined by (A.1) to express the participation of developers as a function of the devices prices (6.1)



nS = QS (QB (p1 , p2 , nS ) + QB (p2 , p1 , nS )).



Consider now a symmetric situation in which manufacturers set the same price p1 = p2 = pˆ, and the number of applications is n ˆ S . Using symmetry of quasi-demands, a first-order Taylor expansion of (6.1) leads to ∂QB B + ) Q0S ( ∂Q ∂pk ∂p` (dp1 + dp2 ) . (6.2) nS − n ˆS ≈ 0 ∂QB 1 − 2QS ∂nS (ˆp,ˆp,ˆn ) S | {z } 


Equation (6.2) shows that the number of developers depends only how the total price p1 +p2 varies: if the total price increases (decreases), the number of applications decreases (increases), an intuitive result since the total number of buyers decreases (increases) and
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developers only care about the total number of buyers they can reach.34 Let U (q1 , q2 , nS ) be the (gross) utility function from which the buyers’ quasi-demands in (3.1) are derived (with ∂U/∂nS > 0). The buyers’ net surplus is then given by V (p1 , p2 , nS ) = max(q1 ≥0,q2 ≥0) U (q1 , q2 , nS ) − p1 q1 − p2 q2 . Using (6.2), a first-order Taylor expansion leads to ! ∂QB 0 ∂QB ∂U QS ( ∂pk + ∂p` ) (dp1 + dp2 ) . (6.3) V (p1 , p2 , nS ) − V (ˆ p, pˆ, n ˆ S ) ≈ −QB + B ∂nS 1 − 2Q0S ∂Q ∂nS {z } | 


Accordingly, the total surplus of buyers increases (decreases), at the first order, when the total price p1 + p2 decreases (increases). When quasi-demands are linear, as in our linear example, these first-order approximations are exact and we need to focus only on the total price to assess the impact of the merger on buyers and developers. Total Price Variation. To provide some intuitions on the impact of vertical integration on the total price, we analyze how the merger changes the manufacturers’ best responses. Remind that, under separation, manufacturer Mk ’s best response is characterized by Equation (4.1). Assume that the integrated firm sets a royalty w > δ. Under integration, the best responses of the integrated manufacturer and of the nonintegrated one are respectively characterized by (6.4) (6.5)



p1



∂D2 ∂D1 (p1 , p2 ) + D1 (p1 , p2 ) + w (p2 , p1 ) = 0, ∂p1 ∂p1 ∂D2 (p2 − w) (p2 , p1 ) + D2 (p2 , p1 ) = 0, ∂p2



Comparing Equations (4.1) and (6.4) shows that the integrated firm’s best response moves by (6.6)



∂D1 δ + ∂p | {z 1}



Efficiency



∂D2 δ ∂p | {z 1}



Accommodation



+



∂D2 (w − δ) . ∂p | {z 1 }



Upstream market power



While the efficiency effect always shifts the integrated manufacturer’s best response downward, the accommodation and upstream market power effects shift it upward when there is a negative externality across manufacturers and downward otherwise. All else equal, vertical integration leads the integrated manufacturer to set a lower price if there is a positive externality and has an ambiguous impact otherwise. Comparing (4.1) and (6.5), the non-integrated manufacturer’s best response always 34



We use the assumption ensuring the existence of an equilibrium at the participation subgame, that is, 1 − 2Q0S (∂QB /∂nS ) > 0 (see Appendix A.1).
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shifts upward by (6.7)



−



∂D2 (w − δ) ∂p | {z 2}



Upstream market power



because that manufacturer’s marginal cost raises from 0 to δ. All else equal, the nonintegrated manufacturer tends to increase its price under integration. How much the total price varies following integration depends on the magnitude of these shifts in best responses. In the linear example, those shifts do not depend on price levels and are thus constant. This allows a clean and simple characterization of the total price variation, and, consequently, of consumer surplus and developer participation. Proposition 5. Consider the linear example. (i) With efficiency gains and no cost to port applications (that is, δ > 0 and α = 0), there exists a threshold µ ˜(γ) such that the total price decreases if and only if µ >µ ˜(γ). Moreover, µ ˜(γ) < γ/(2(1 + γ)): with a positive externality, developer participation and consumer surplus always increase. (ii) With no efficiency gains and a cost to port applications (that is, δ = 0 and α > 0), the total price always increases, and developer participation and consumer surplus thus decrease. Proof. See the Online Appendix. Absent motives for coordination but with efficiency gains (see Section 4), the extent to which the integrated firm increases the royalty depends on δ: in the linear example, it turns out that the total price decreases (increases) when indirect network effects are strong (weak) relative to product market competition, leading both to a higher (lower) consumer surplus and to more (fewer) applications developed. With no efficiency gains and a cost to port applications, there is only an upstream market power effect at work (see Section 5). The non-integrated manufacturer increases its price, for its marginal cost increases, and that effect dominates any change in the price set by the integrated manufacturer. Overall, the total price unambiguously increases, and both developer participation and consumer surplus decrease.



7. Developer Fee: Structure of Indirect Network Effects and Foreclosure Software platforms often charge developers on participation (for instance, Google charges developers $25 for each application published on the Play Store) or on transaction each time an application is sold on the platform (for instance, both Apple and Google charges a 30% royalty on each transaction on their respective applications stores). Fees paid by developers to platforms are now introduced in our base model. In the following, aI and aEi denote the fees charged by platforms I and Ei , i = 1, 2. Developer fees are chosen together with royalties in stage 1 of our game. The quasi-demand of developers writes now nS = QS (a, nB1 + nB2 ) where a stands for the total fee they paid to platforms (which depends on whether developers publish
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their applications on both platforms or one only one) and ∂QS /∂a < 0. At the last stage of the game, consistency of participation decisions by buyers and developers leads to a number of developers, DS (a, p1 , p2 ), and to demands for device k, Dk (a, pk , p` ), which all are decreasing with the developer fee a. The total fee developers pay to platforms acts as a shifter of the demands for devices and the number of applications. Main Assumptions. To emphasize the novel aspects introduced by developer fee, we neutralize the effects analyzed in Sections 4 and 5 with the following assumptions. - First, platforms are symmetric and there are no costs to port applications, that is, δ = 0 and α = 0. - Second, the externality across manufacturers is nil, that is, ∂D1 /∂p2 = ∂D2 /∂p1 = 0 for all (a, p1 , p2 ) in the relevant range. In the linear example, this amounts to having γ = 2µ/(1 − 2µ). If foreclosure emerges in equilibrium, it is therefore not driven by the desire of the integrated firm to soften competition on the product market. Under these assumptions, the demand for device k writes as Dk (a, pk ). Since developers want to reach all buyers, the number of developers still depends on both prices and writes thus as DS (a, p1 , p2 ). Separation. These assumptions lead to a clear separation benchmark, which is the natural generalization of the standard Bertrand equilibrium to the situation where platforms compete on both sides of the market: all platforms offer a nil royalty and a nil developer fee. The intuition may be explained as follows. Given that royalties are assumed to be non-negative, there are two cases to consider.35 First, it cannot be an equilibrium that a platform attracts manufacturers while charging a positive developer fee. Indeed, another platform can profitably undercut on both sides of the market. Second, suppose that, say, platform I subsidizes developers (aI < 0) and attracts both manufacturers with a positive royalty (wI > 0). Platform Ei can then profitably attract manufacturers by slightly undercutting I’s royalty (wEi = wI − ε with ε positive small) and setting a nil developer fee (aEi = 0): manufacturers gain, for their marginal costs decrease, and developers can still benefit from the subsidy offered by I and pay no fee to access buyers since aEi = 0. Differently put, a platform which boosts the participation of developers through a subsidy is exposed to a hold-up problem. Subsidizing developers is indeed akin to an investment that increases the manufacturers’ profits. But the benefits of that investment in terms of a higher royalty can be expropriated by another competing platform. 35



The assumption that royalties are non-negative allows us, besides, to bypass another issue. To understand, observe that, from the perspective of the platform-manufacturer vertical relationship, the royalty and developer fee act jointly as an ‘imperfect’ two-part tariff offered to the manufacturer (since the developer fee affects indirectly the manufacturer’s profit). In the usual framework of upstream suppliers competing in two-part tariffs to supply several downstream manufacturers, Schutz (2012) shows that a pure strategy equilibrium may fail to exist, and discusses issues related to its characterization. Restricting the fixed component of the two-part tariff to be positive allows to get rid of these issues. Our assumption on the royalties plays a similar role.
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For future reference, the manufacturers’ prices and profits in this separation benchmark are denoted by pˆk and π ˆk .36 Platforms obviously make no profit. Preliminary Result. Assume now that platform I is integrated with manufacturer M1 . From the perspective of the non-integrated platforms E1 and E2 , the same argument as that made in the separation benchmark applies: they cannot do better than offering a nil royalty and a nil developer fee. It turns out that the integrated platform cannot leverage its competitive advantage into a higher royalty. Indeed, if wI > 0, then M2 is better off choosing, say, Ei because, first, the accommodation effect does not compensate for the nil royalty offered by Ei , and, second, the affiliation with Ei has no adverse impact on developers’ participation since aEi = 0. This directly echoes the analysis undertaken in Sections 4 and 5: absent efficiency gains (because δ = 0) and without motives for coordination (because aEi = 0), there are no accommodation and upstream market power effects, and the integrated platform must license its operating system at a nil royalty. We consider from now on that wI = 0 in any continuation. The integrated platform has, however, some market power over its membership fee aI , for developers always have to pay that fee to access the buyers of the integrated manufacturer’s device. In other words, being integrated with a manufacturer provides a platform with a market power over that manufacturer’s customers. In stark contrast with the separation benchmark, the integrated platform is no longer expropriated of its ‘investment’ on developers participation (aI < 0). By the same token, the integrated platform is now able to charge a positive developer fee (aI > 0). Notice that Sections 4 and 5 were primarily concerned with the choice of operating system by the non-integrated manufacturer and the corresponding royalty paid. This is now an irrelevant issue since M2 pays no royalty in equilibrium. The introduction of developer fee has changed the focus of the analysis, as we now detail. Manufacturers’ Prices. At the last stage of the game, the profit of the integrated firm is p1 D1 (aI , p1 ) + aI DS (aI , p1 , p2 ) and its best response thus solves (7.1)



D1 (aI , p1 ) + p1



∂DS ∂D1 (aI , p1 ) + aI (aI , p1 , p2 ) = 0. ∂p1 ∂p1



The profit of the non-integrated manufacturer is π2II (aI , p2 ) = p2 D2 (aI , p2 ) and its best response is given by (7.2)



D2 (aI , p2 ) + p2



∂D2 (aI , p2 ) = 0. ∂p2



II Denote by pII 1 (aI ) and p2 (aI ) the prices which solve (7.1) and (7.2) simultaneously, and 37 assume that pII The non-integrated manufacturer’s k (aI ), k = 1, 2 is decreasing in aI . II II profit is then given by π2 (aI , p2 (aI )). 36



We maintain the assumption made so far that the subgame of price competition between manufacturers is ‘well-behaved’; see Section 3.3. 37 As already noted, the developer fee acts as a negative shifter of the demands for devices. Though it is possible that equilibrium prices increase following a negative shift of demands, we rule out this possibility and assume that the manufacturers’ prices are decreasing in the developer fee. A similar assumption was made in Section 5.
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Foreclosure and Profitability of Vertical Integration. The following result is then immediately obtained. Proposition 6. Assume no externality across manufacturers, no efficiency gains, and no cost to port applications. - The non-integrated manufacturer is foreclosed following vertical integration if and only if the developer fee increases beyond its pre-merger level, that is, π2II (aI , pII ˆ2 ⇔ aI ≥ 0. 2 (aI )) ≤ π - Vertical integration is always profitable. Proof. See Appendix A.4. The first part is rather immediate: the integrated firm is now able to charge a strictly positive fee on developers because it has some market power over the buyers of its device; and when it is willing to do so, this contracts the non-integrated manufacturer’s demand and harms its profits. The second part is straightforward in light of the analysis undertaken in 4: a merger which creates no efficiency gains never triggers an adverse reaction of the non-integrated manufacturer; with developer fee, even if the integrated firm distorts the price of its device to accommodate the revenues earned from developers, it can always set a nil developer fee and gets the separation profit. 7.1. Asymmetric Price Structure Charging aI on developers has the following consequences. - Consider first the non-integrated manufacturer. Under the nil externality assumption, the only effect effect of vertical integration for M2 is to shift its demand, so that the price for device 2 is higher if aI < 0 and lower otherwise. This situation is ˆ 2 (0, p1 ) to R2II (aI , p1 ). depicted in Figure 1, where M2 ’s best response shifts from R - Consider now the integrated manufacturer. Exactly as for the non-integrated manufacturer, a developer fee induces a demand shift. Much in the spirit of Section 4, the integrated firm chooses now its downstream price with an eye, not on the upstream profit since its royalty is nil, but rather on the impact on the revenues earned from the developers. Since ∂DS /∂p1 < 0, the integrated firm’s best response moves further downwards when aI > 0 and further upwards when aI < 0.38 Figure 1 illustrates these two effects in the linear example. 38



There is actually another implication, which has no consequences on the results that we derive below. From Equation (7.1), developer fee creates a new form of strategic interaction for the integrated firm only. Indeed, differentiating (7.1) with respect to p2 shows that the sign of the slope of the integrated firm’s best response depends on the sign of aI ∂ 2 DS /∂p1 ∂p2 . ∂ 2 DS /∂p1 ∂p2 itself has the sign of ∂ 2 QS /∂n2S . Therefore, the slope of the integrated manufacturer’s best response depends both on whether developers are taxed or subsidized and on the concavity/convexity of network effects on the developer side. In the linear example, ∂ 2 QS /∂n2S = 0, so that the integrated manufacturer’s best response is flat, as under separation. If ∂ 2 QS /∂n2S 6= 0, the integrated firm’s best response is not flat, but it shifts more than the non-integrated manufacturer’s, implying that p1 varies more than does p2 following the merger.
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Figure 1 – Impact of vertical integration on best responses and downstream prices when the integrated platform charges aI > 0 (left panel) or aI < 0 (right panel). Best responses ˆ k (0, p` ); best responses under integration are RII (aI , p` ). In the under separation are R k linear example, best responses are flat.



Considering an interior solution, the optimal developer fee, denoted by a∗I , satisfies the following first-order condition (omitting some arguments) (7.3)



∂D1 ∗ II (a , p ) pII 1 ∂aI I 1 {z } |



Impact on buyers side



+



DS (a∗I , pII 1 , p2 ) |



+



a∗I







 ∂DS ∗ II II dpII ∂DS ∗ II II 2 (a , p , p ) + (a , p , p ) = 0. ∂aI I 1 2 ∂p2 I 1 2 daI {z } Impact on developers side



Charging a positive developer fee yields additional revenues, but reduces the demand for the integrated firm’s devices and thus its retail profit. Moreover, this also negatively affects the non-integrated manufacturer’s demand, thereby further lowering the number of applications developed. A two-sided logic is now at work. When buyers of devices benefit weakly from the number of applications, the integrated firm should tax developers and ‘subsidize its buyers’ through a low price of its device. By contrast, when application developers value weakly the number of buyers, the integrated firm chooses to ‘tax buyers’ through a high price for its devices and subsidize developers. While the competitive pressure exerted by the non-integrated platforms does not allow the integrated firm to raise the royalty, it can still internalize the externalities across both sides of the market by playing simultaneously on the developer fee and on the price of its device. This intuition is illustrated in the case of our linear example. Proposition 7. Consider the linear example with no externality across manufacturers, no efficiency gains and no motives for coordination.
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- The integrated platform taxes developers when uB ≤ 2uS and subsidizes them otherwise, that is, a∗I ≥ 0 ⇔ uB ≤ 2uS . - Vertical integration increases consumer surplus when either uB ≥ 2uS or when uB ≤ 1/2 uS , that is, when indirect network effects are sufficiently asymmetric. Proof. See the Online Appendix. The first part follows a two-sided logic: when indirect network effects are asymmetric, the integrated firm implements an asymmetric price structure, in which the side which benefits the most (least) from the participation of the other side is taxed (subsidized). From Proposition 6, foreclosure arises when indirect network effects are stronger for developers than for buyers. When indirect network effects are stronger for developers than for buyers, the integrated firm charges a positive developer fee and lowers the price of its device. As indirect network effects become more asymmetric, so does the price structure and the price of the integrated manufacturer’s device falls below its cost. Selling its devices at a loss is a profitable strategy for the integrated firm because these losses are recouped from the fee charged on developers. But as the developer fee increases, the demand faced by the non-integrated manufacturer contracts. At some point, the non-integrated manufacturer is forced to exit the market.39 Such a foreclosure is, however, not driven by an anti-competitive motive, for we assumed the externality across manufacturers is nil; rather, it is the mere consequence of the internalization of the indirect network effects through the adequate design of the integrated firm’s price structure. That internalization of indirect network effects may well increase consumer surplus, as shown in the second part of Proposition 7. The intuition relates to that of the two-sided markets literature. The price structure implemented by a monopoly platform is similar to that chosen by a benevolent planner, although the price levels obviously differ, as put forward by Rochet and Tirole (2006) or Weyl (2010). In our context, under separation, platforms cannot internalize indirect network effects because competition leads to nil royalties and manufacturers capture the retail profits. By contrast, the vertically integrated firm can use both the developer fee and the price of its device to harness the indirect network effects, thereby bringing prices closer to an efficient structure and enhancing consumer surplus. Observe that total consumer surplus and the non-integrated manufacturer’s profit no longer vary in the same direction following the merger. Section 6 has shown that, with efficiency gains, vertical integration leads to higher post-merger consumer surplus and non-integrated manufacturer’s profit when there is a positive externality across manufacturers, whereas both are lower with motives for coordination. The logic at work with developer fee is thus different, and is linked to the structure, rather than the level, of indirect network effects. 39



See the Online Appendix for the details.
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We now briefly discuss the role of the externality between manufacturers. When the externality between manufacturers is non nil, the demand for device k depends on both prices, Dk (aI , pk , p` ). Following similar steps as previously, we obtain (omitting some arguments)   II ∂D2 dπ2II II II II ∂D2 II II II II dp1 (aI , p2 , p1 ) = p2 (aI , p2 , p1 ) + (aI , p2 , p1 ) daI ∂aI ∂p1 da {z } I | Externality



II Since dpII 1 /daI < 0, when the externality between manufacturers is negative, dπ2 /daI < 0 and the non-integrated manufacturer is foreclosed as soon as the integrated platform sets a developer fee above the pre-merger level. When the externality is positive, this might no longer be the case. This echoes the analysis undertaken in Section 4, which showed that foreclosure becomes less a concern when manufacturers are more collaborators than competitors. In the Online Appendix, we use the linear example to confirm the intuition that vertical integration, first, leads to foreclosure when developers value sufficiently more the number of buyers than buyers value the number of applications, and, second, increase consumer surplus when indirect network are sufficiently asymmetric in one direction or another.



8. Conclusion We develop a model of a platform market, in which platforms interact with device manufacturers and there are indirect network effects between buyers of devices and application developers. While our prime example is the smartphone market, our analysis is relevant, more generally, to the market of connected devices also called ‘the Internet of Things.’ The main messages conveyed by our analysis may be summarized as follows: indirect network externalties change the nature of the downstream interaction between manufacturers, and, therefore, the competitive assessment of a vertical merger; direct and indirect network effects have different impacts on foreclosure; the presence of developer fee adds another layer of complexity in the competitive assessment of vertical integration. Overall, the sources of upstream market power, and their consequences in terms of foreclosure or consumer surplus, are different from those unveiled in the extant literature. Our analysis therefore warns policy-makers against a blind application of the traditional view about foreclosure when dealing with platform markets, and offers some guidance as to where competition authorities should focus their investigation. As in standard markets, antitrust authorities may want to limit the anti-competitive effects of vertical integration by constraining the pricing of the royalty. Our analysis somewhat supports that idea: with coordination motives giving rise to harmful foreclosure, limiting the royalty paid by manufacturers prevents the non-integrated manufacturer from being hurt by the merger. In the context of platform markets, this remedy raises, however, several issues. First, with strong indirect network effects, capping the royalty reduces the price decrease of the integrated manufacturer. Second, a cap on the royalty is likely to impact the pricing on the developer side of the market. A more complete assessment of such a behavioral remedy is left for future research.
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While we have voluntary laid down our analysis in a setting as close as possible to the literature on strategic vertical integration, it could be readily applied to the motivating example given in introduction. One platform has a dominant position on the market for operating systems and decides whether to launch its own smartphone, which will compete directly with the device of the incumbent manufacturer; the manufacturer has a costly possibility to bypass the platform’s operating system. The difference is that the introduction of the new product is also a source of demand creation. Our working paper (Pouyet and Tr´egou¨et, 2016) shows that the impact of such a downstream expansion by the dominant platform on foreclosure depends, again, on the nature of the externalities between manufacturers. As of today, Google Pixel’s low sales seem unlikely to put a strong competitive pressure at the retail level on other smartphone producers. Our analysis suggests therefore that its introduction may well benefit the industry as well as consumers. Finally, whether manufacturers end up being collaborators or competitors depends on a combination of indirect network effects and product differentiation. Roughly speaking, investment by platforms are more likely to affect the intensity of (direct or indirect) network effects whereas manufacturers can change the design and characteristics of their products. Hence, our analysis could be extended to endogenize the degree of collaboration/competition between manufacturers, given that both manufacturers and platforms may jointly contribute to that variable.
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A. Appendix A.1. Demand Functions and Indirect Network Effects At the last stage of the game, given devices prices p1 and p2 , the number of buyers of each device and the number of developers must be consistent and solve   nB1 = QB (p1 , p2 , nS ), n = QB (p2 , p1 , nS ), (A.1)  B2 nS = QS (nB1 + nB2 ). In order to avoid ‘cornered-market’ solutions, where all consumers or all developers participate in equilibrium, we make the usual assumption that indirect network effects are not too strong so that, in the relevant range, each manufacturer faces a demand that is locally elastic with respect to prices. Assumption A.1 (Indirect Network Effects Are Not Too Strong). For the relevant range of prices (p1 , p2 ), the total number of buyers nB1 + nB2 and number of developers nS ,   ∂QB ∂QB 0 QS (nB1 + nB2 ) (p1 , p2 , nS ) + (p2 , p1 , nS ) < 1. ∂nS ∂nS We can then show the following result. Lemma A.1. For the relevant range of prices (p1 , p2 ), system (A.1) has a unique solution. Proof. Let D(p1 , p2 ) = D1 (p1 , p2 ) + D2 (p2 , p1 ). From system (A.1), we have (A.2)



D(p1 , p2 ) = QB (p1 , p2 , QS (D(p1 , p2 )) + QB (p2 , p1 , QS (D(p1 , p2 )).



Put differently, for a given pair (p1 , p2 ), D(p1 , p2 ) is a fixed point of ψ(x) = QB (p1 , p2 , QS (x)) + QB (p1 , p2 , QS (x)). Notice then that   ∂QB ∂QB 0 0 ψ (x) = QS (x) (p1 , p2 , QS (x)) + (p2 , p1 , QS (x)) . ∂nS ∂nS Assumption A.1 then implies that |ψ 0 (·)| < 1: ψ(·) is a contraction mapping and Equation (A.2) has a unique solution. We can then show the following result. Lemma A.2. The following properties hold: ∂Dk /∂pk (pk , p` ) < 0, ∂DS /∂pk (pk , p` ) < 0 and |∂Dk /∂pk (p, p)| > |∂Dk /∂p` (p, p)|. Proof. To avoid any ambiguity, let QB1 (p1 , p2 , nS ) = QB (p1 , p2 , nS ) and QB2 (p2 , p1 , nS ) = QB (p2 , p1 , nS ). By the implicit function theorem, D(p1 , p2 ) is continuously differentiable. Differentiating wrt p1 Equation (A.2) and rearranging terms, we find    ∂D ∂QB1 ∂QB2 (p1 , p2 ) 1 − Q0S (D(p1 , p2 )) (p1 , p2 , D(p1 , p2 )) + (p2 , p1 , D(p1 , p2 )) ∂p1 ∂nS ∂nS ∂QB1 ∂QB2 = (p1 , p2 , D(p1 , p2 )) + (p2 , p1 , D(p1 , p2 )). ∂p1 ∂p1 By Assumption A.1 the term in curly brackets is positive, and, therefore, ∂D/∂p1 (p1 , p2 ) is negative. Similarly, ∂D/∂p2 (p1 , p2 ) < 0. Since Q0S (·) > 0, it is then immediate that
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DS (p1 , p2 ) = QS (D(p1 , p2 )) is decreasing in both p1 and p2 . Then (omitting some notations) ∂D1 /∂p1 = ∂QB1 /∂p1 + (∂D/∂p1 )(∂QB1 /∂nS )Q0S (D), which shows that ∂D1 /∂p1 < 0. Similarly, ∂D1 /∂p2 = ∂QB1 /∂p2 + (∂D/∂p2 )(∂QB1 /∂nS )Q0S (D). For symmetric prices, ∂D/∂p1 = ∂D/∂p2 , and therefore |∂D1 /∂p1 | − |∂D1 /∂p2 | = |∂QB1 /∂p1 | − |∂QB1 /∂p2 | < 0, which is negative from our assumptions.



A.2. Proof of Proposition 1 The proof proceeds in several steps.40 First, we prove that if I and E offer the same positive royalty, then M2 strictly prefers to buy from I. Second, we show that I is better off selling to manufacturer M2 . Last, we show that I supplies M2 at a royalty strictly above its marginal cost, that is, w∗ (δ) > δ for δ small enough. Lemma A.3 (Accommodation Effect). Suppose that both platforms offer the same royalty w > 0. With a positive (negative) externality across manufacturers, the integrated manufacturer sets a lower (higher) price when the non-integrated manufacturer buys from the integrated platform, ∂D2 IE that is, for all w > 0, pII 1 (0, w) < p1 (0, w) ⇔ ∂p1 (p2 , p1 ) < 0. Accordingly, the non-integrated manufacturer is strictly better off buying from the integrated platform, that is, π2II (w, 0) > π2IE (w, 0). IE II II Proof. By definition, (pIE 1 (0, w), p2 (w, 0)) and (p1 (0, w), p2 (w, 0)) solve respectively



(A.3)



   ∂D1 IE IE IE   D1 pIE p1 (0, w), pIE 2 (w, 0) = 0 1 (0, w), p2 (w, 0) + p1 (0, w) ∂p1   ∂D2 IE   IE IE IE  D2 p2 (w, 0), p1 (0, w) + p2 (w, 0) − w p2 (w, 0), pIE 1 (0, w) = 0 ∂p2



and (A.4)     ∂D2 II ∂D1 II II II   D1 pII p1 (0, w), pII p2 (w, 0), pII 2 (w, 0) + w 1 (0, w) = 0 1 (0, w), p2 (w, 0) + p1 (0, w) ∂p1 ∂p1  D pII (w, 0), pII (0, w) + pII (w, 0) − w ∂D2 pII (w, 0), pII (0, w) = 0  2 1 2 1 2 ∂p2 2 We first prove that, when there is a positive (negative) externality across manufacturers, M1 ’s best response shifts downward (upward) when w increases. To this end, let RkIj (p` , w) denote manufacturer Mk ’s best response to manufacturer M` (` 6= k) when M2 buys from platform j ∈ {I, E} at some royalty w. From the systems (A.3) and (A.4), R2IE (p1 , w) = R2II (p1 , w) and R1IE (p2 , w) = R1II (p2 , 0). By definition ∂p∂ 1 π1II (R1II (p2 , w), p2 ) = 0. Therefore (omitting some notations to ease the exposition) ∂ 2 π1II



∂D2



∂p21



∂p21



dR1II ∂p ∂w ∂p = − 21 II = − 2 1II , ∂ π1 ∂ π1 dw which is strictly negative (positive) when there is a positive (negative) externality across manufacturers since the denominator is negative from the second-order condition (∂ 2 π1II /∂p21 < 0). Therefore, M1 ’s best response shifts downward (upward) when w increases. We are now in position to prove that the integrated platform becomes accommodating when M2 buys from I rather than E. 40



The proof extends that in Chen (2001) to the case of demand complements. It is however more general in that it does not hinge on the fact that the manufacturers’ prices are strategic complements or substitutes.
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To begin with, assume that there is a positive externality across manufacturers. Since M1 ’s best response shifts downward when w increases, we have, for all w > 0, R1II (p2 , w) < R1II (p2 , 0) = R1IE (p2 , w). It follows that for all w > 0   II II II IE (A.5) pII R2IE (pII 1 (0, w) = R1 R2 (p1 (0, w), w), w < R1 1 (0, w), w), w . Define now Φ(p) = R1IE (R2IE (p, w), w)−p, and notice that Φ(pIE 1 (0, w)) = 0. Φ(·) is continuously differentiable and strictly decreasing, since the slopes of the best responses are strictly smaller than 1. Therefore, Φ(p) > 0 if and only if p < pIE 1 (0, w). Together with inequality (A.5), this IE (0, w). implies that pII (0, w) < p 1 1 It is immediate to see that the opposite result obtains when there is a negative externality across manufacturers, that is, p1 is higher when M2 buys from I. To summarize, for all w > 0, IE pII 1 (0, w) < p1 (0, w) if and only if there is a positive externality across manufacturers. To conclude, it remains to show that M2 is better off buying from I than from E when I and E offer the same royalty w > 0. We have  II II π2II (w, 0) = (pII 2 (w, 0) − w)D2 p2 (w, 0), p1 (0, w)  IE II > (pIE (by revealed preferences) 2 (w, 0) − w)D2 p2 (w, 0), p1 (0, w)  IE IE IE IE > (p2 (w, 0) − w)D2 p2 (w, 0), p1 (0, w) = π2 (0, w), where the last inequality comes from the fact that, with a positive (negative) externality across IE II IE manufacturers, pII 1 (0, w) < p1 (0, w) (p1 (0, w) > p1 (0, w)) and D2 (p2 , p1 ) is decreasing (increasing) in p1 .



We prove now that the integrated platform is better off serving M2 .



Lemma A.4 (Incentives to Sell). The integrated platform is strictly better off serving the nonintegrated manufacturer.



Proof. Suppose first that there is a positive externality across manufacturers. We have  II II π1II (0, 0) = pII 1 (0, 0)D1 p1 (0, 0), p2 (0, 0)  IE II > pIE (by revealed preferences) 1 (0, δ)D1 p1 (0, w), p2 (0, 0) IE IE IE > p1 (0, δ)D1 (p1 (0, δ), p2 (δ, 0)) = π1IE (0, δ) IE IE where the last inequality comes from the fact that pII 2 (0, 0) = p2 (0, 0) < p2 (w, 0) and D1 (p1 , p2 ) is decreasing in p2 .



Suppose then that there is a negative externality across manufacturers. With a positive externality across manufacturers, the proof relied on the fact that making M2 more efficient through a nil royalty benefits the integrated platform. This argument no longer holds with a negative externality, and, accordingly, we proceed differently. We prove that if δ is small enough, then π1II (0, δ) > π1IE (0, δ). Notice first that, since π1II (0, 0) = π1IE (0, 0), it is sufficient to show that δ 7→ ∆π1 (δ) = − π1IE (0, δ) is strictly increasing in a (right) neighborhood of 0. We have (omitting some notations)     ∂pII ∂D1 ∂pII ∂D2 ∂pIE ∂D1 IE 2 2 2 (δ, 0) + D + δ (δ, 0) − p (0, δ) (δ, 0) (∆π1 )0 (δ) = pII (0, δ) 2 1 1 ∂w2 ∂p2 ∂w2 ∂p2 ∂w2 ∂p2



π1II (0, δ)
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IE And, since pII k (0, 0) = pk (0, 0) for all k ∈ {1, 2}, we obtain (still omitting some notations)



(∆π1



)0 (0)



= = = > >



 ∂pII ∂pIE 2 2 (0, 0) − (0, 0) + D2 ∂w2  ∂wII2  ∂D1 ∂p2 ∂pIE ∂D2 2 II p1 (0, 0) (0, 0) − (0, 0) − pII 2 (0, 0) ∂p2 ∂w2 ∂w2 ! !∂p2 IE II ∂p ∂p ∂D ∂D 2 2 2 (0, 0) − 2 (0, 0) − pII 1 (0, 0) ∂p1 ∂w2 ∂w2 ∂p2   ∂D2 ∂D2 II p1 (0, 0) − − ∂p1 ∂p2 0 ∂D1 pII 1 (0, 0) ∂p2







where the second equality comes from the first-order condition on p2 ; the third equality from ∂D2 II ∂D1 II II II II the fact that pII 1 (0, 0) = p2 (0, 0) and ∂p2 (p1 (0, 0), p2 (0, 0)) = ∂p1 (p2 (0, 0), p1 (0, 0)); the first inequality from the fact that 0 < ∂pk /∂wk < 1; and the last inequality from the fact that −∂D2 /∂p2 > |∂D2 /∂p1 | > 0. This concludes the proof. We can now prove the announced result. The problem of the integrated platform writes as max π1II (0, w) s.t. π2II (w, 0) ≥ π2IE (δ, 0)



(A.6)



w



Let us show first that π2II (w, 0) is decreasing in w. This will show that the inequality in problem (A.6) rewrites as w ≤ w∗ (δ), where w∗ (δ) is given by π2II (w∗ (δ), 0) = π2IE (δ, 0). II dπ2II ∂D2 ∂p1 (w, 0) = −D2 + (pII (by the Envelope Theorem) 2 − w) ∂p1 ∂w dw   II ∂p2 ∂D2 ∂D2 II 0 II (using M2 ’s first-order condition) = (pII 2 − w) ∂p2 + ∂p1 (R1 ) (p2 , w) ∂w



< 0, where the last inequality stems from the facts that pass-throughs are smaller than 1, the slopes of the best-response functions are smaller than 1, and |∂D2 /∂p2 | > |∂D2 /∂p1 |. Then, since π2II (δ, 0) > π2IE (δ, 0) > 0 by Lemma A.3 and π2II (w, 0) = 0 when w is large enough, there exists a unique royalty w∗ (δ) > δ such that π2II (w, 0) > π2IE (δ, 0) iff w < w∗ (δ). Therefore, M2 buys from platform I iff w ≤ w∗ (δ). Notice then that w∗ (δ) goes to 0 when δ goes to 0. Accordingly, if δ is small enough, w∗ (δ) is in a neighborhood of 0 and the solution of problem (A.6) is w∗ (δ) if π1II (0, w) is increasing in w in this neighborhood. Let us prove that it is indeed the case. We have   II dπ1II ∂pII ∂D1 II II II (0, 0) = 2 (0, 0) p1 (0, 0), pII 2 (0, 0) p1 (0, 0) + D2 p2 (0, 0), p1 (0, 0) dw ∂w2 ∂p2 When there is a negative externality across manufacturers, the two terms in the right-hand side II /dw)(0, 0) > 0. of the previous equation are positive and we immediately conclude that (dπI1 Suppose then that there is a positive externality across manufacturers. We have dπ1II (0, 0) > dw >



 II  ∂D1 II II II p1 (0, 0), pII 2 (0, 0) p1 (0, 0) + D2 p2 (0, 0), p1 (0, 0) ∂p2  II  ∂D2 II II II p2 (0, 0), pII 1 (0, 0) p2 (0, 0) + D2 p2 (0, 0), p1 (0, 0) = 0 ∂p2



where the first inequality stems from the fact that pass-throughs are positive and smaller than 1, ∂pII II II 1 0 < ∂w22 (0) < 1, and ∂D ∂p2 ≤ 0; the second inequality stems from the fact that p1 (0, 0) = p2 (0, 0)
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∂D1 2 and | ∂D ∂p2 (p2 , p1 )| > | ∂p2 (p1 , p2 )|; the last equality stems from the first-order condition associated to pII 2 (0, 0). This concludes the proof.



A.3. Proof of Proposition 4 Let I1 denotes the integrated firm composed of platform I and manufacturer M1 . To prove the first item in Proposition 4, we follow the same steps as in the proof of Proposition 1. First, the non-integrated manufacturer M2 is better off affiliating with the integrated platform when both platforms set the same royalty since, by so doing, it receives a strictly higher demand and benefits from an accommodation effect (see the proof of Proposition 1): for all w, π2II (w, 0) > π2IE (w, 0). Second, I1 is better off supplying the non-integrated manufacturer. In equilibrium, E sets a nil royalty: M2 ’s profit is π2IE (0, 0) if it affiliates with E. By setting a nil royalty, we already know that I1 attracts M2 . It is also strictly profitable for, by so doing, I1’s upstream profits are unaffected (they are nil irrespective of whether M2 affiliates with I or E) and downstream profits are strictly higher (M1 ’s downstream demand is strictly higher when M2 affiliates with I). Finally, the problem of the integrated platform writes as (A.7)



max π1II (0, w) s.t. π2II (w, 0) ≥ π2IE (0, 0) w



By the same argument than in the proof of Proposition 1, there exists w > 0 such that the constraint in equation (A.7) rewrites w ≤ w. Put differently, the optimal royalty w∗∗ (α) is in the interval [0, w]. To prove that w∗∗ (α) is positive, it is then sufficient to show that the function w 7→ π1II (0, w) is strictly increasing in a neighborhood of w = 0, and this has already been shown in the proof of Proposition 1. The second item in Proposition 4 comes from the following observation: since w 7→ π2II (w, 0) is strictly decreasing in w, we have π2II (w∗∗ , 0) < π2II (0, 0) = π ˆ2II (0, 0). Let us then prove that (w∗∗ )0 (α) ≥ 0. If α is large, the gains from coordination are large and, therefore, it is possible that M2 ’s participation constraint is not binding, in which case w∗∗ (α) = arg maxw π1II (0, w), which does not depend on α. Suppose then that M2 ’s participation constraint is binding for smaller values of α. Note that there always exists an interval of values of α for which it is the case since π2II = π2IE when α = 0. w∗∗ (α) is now given by π2II (w∗∗ (α), 0) = π2IE (0, 0) and (omitting notations) (w∗∗ )0 (α) =



dπ2IE /dα , ∂π2II /∂w2



which is positive since, by assumption, dπ2IE /dα < 0 and ∂π2II /∂w2 < 0. The third item is immediate since, by revealed preferences, π1II (0, w∗∗ ) > π1II (0, 0) = π ˆ1 (0, 0) + π ˆI (0, 0).



A.4. Proof of Proposition 6 For the first part, observe first that π2II (0, pII ˆ2 because, first, the integrated firm 2 (0)) = π II charges a nil royalty, and, second, p2 (0) = pˆ2 . Then, using an envelope argument, we have dπ2II ∂D2 II (aI , pII (aI , pII 2 (aI )) = p2 (aI ) 2 (aI )). daI ∂aI
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The result is then obtained using the facts that ∂D2 /∂aI < 0 and that the non-integrated manufacturer is never willing to sell its device at a negative price. The second part is obtained with a revealed preferences argument. The integrated firm can always set aI = 0, in which case its profit is equal to the joint profit of I and M1 under separation. Since setting aI = 0 is non-generic, vertical integration is generically strictly profitable.
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