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Two-Sided Platforms in Search Markets∗ Thomas Tr´egou¨et†



Abstract This article provides a model in which buyers and sellers can meet both through two-sided platforms and in a decentralized market. Using platforms, which may charge both subscription and per-transaction fees, allows buyers and sellers to save search costs. Platforms set subscription fees to coordinate the agents’ participation decisions and to extract surplus from both sides of the market. The per-transaction fees are set to balance various effects: while a match is more likely to occur via the agency when per-transaction fees are low, high fees may increase the surplus that the platform can extract through subscription fees. We also show that competition between platforms is less intense when users can meet through a search market. Journal of Economic Literature Classification Number: L13. Keywords: two-sided market, platforms, decentralized market.
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Introduction



Most of the recent literature on two sided-markets has studied situations where transactions between two groups of agents can only take place through monopoly or competing platforms. However, in many two-sided markets, the two groups of users not only interact through platforms, but also through a decentralized market. People bought and (re)sold items long ago before eBay started operating their online marketplace services. In the labor market, job seekers and employers often rely on their social networks to find jobs and applicants.1 In the housing market, owners often sell their houses without the help of real estate brokers. This paper is aimed at understanding the impact of a search market on the pricing structure chosen by two-sided platforms. We consider a model where buyers and sellers can meet both through a decentralized market and matchmakers. In the decentralized market, a match is more likely to occur when both agents make high and costly search efforts. Matchmakers operates costless and imperfect matching technologies and can charge users both on registration and on transaction. A matchmaker sets transaction fees to balance various effects. The first two ones correspond to the standard trade-off between per-unit profits and volume of transactions: while per-transaction profits are higher when per-transaction fees are high, a match is less likely to occur through the intermediary. Indeed, high transaction fees provide agents with incentives to search intensively through the decentralized market, since, in doing so, they are more likely to save transaction fees. Several other effects appear depending on whether the matchmaker is in a monopoly position or faces competition and on agents’ expectations on each other’s registration choice. Under monopoly, the pricing structure depends heavily on agents’ beliefs on each other search and registration strategies. When agents are optimistic, i.e. when each agent expects the other agent will join the matchmaker as long as this is consistent with the prices announced, a monopoly matchmaker can capture most of agents surplus through registration fees. However, agents cannot be left with zero surplus since they have an outside option: 1



For empirical evidences, see Holzer (1988) on job seekers and Holzer (1987) on employers. See also Granovetter (1995) for a classic study on social networks in sociology. There is also a growing theoretical literature on the impact of social networks on the matching process between employers and workers (see for instance Calvo-Armengol and Jackson (2004) and Calvo-Armengol and Zenou (2005)).
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they can leave the intermediary and search by themselves in the decentralized market. High transaction fees make this outside option all the more attractive. Intuitively, when transaction fees are high, agents search intensively. Then, if one agent leaves the matchmaker, he is still likely to be matched through the decentralized market. This provides the monopoly matchmaker with incentives to lower its transaction fee. We show that this effect is actually predominant: when agents are optimistic, a monopoly matchmaker sets null or negative per-transaction fees. Things change dramatically when agents are pessimistic, i.e. when each agent expects the other agent will not register with the matchmaker. In this case, a monopoly intermediary sets subscription fees to coordinate agents’ participation decision: the matchmaker subsidizes one agent to get it on board and, then, uses the presence of the subsidized agent to attract the other agent. The opportunity cost of this “divide-and-conquer” strategy is that the intermediary cannot capture the subsidized agent’s surplus through registration fees. In order to extract some of this surplus, the matchmaker therefore has incentives to set a positive transaction fee. When there is a search market, intermediaries face an additional coordination problem. This has important consequences on the outcome of competition. We show that competition between matchmakers may be less intense once agents can meet through a decentralized market. More precisely, we show that an incumbent intermediary can secure its dominant position more easily. Intuitively, the existence of a search market magnifies the coordination problem faced by an entrant matchmaker: it not only has to convince agents to leave the incumbent intermediary, but also to persuade them to not resort only on individual search. Although there is no fixed cost of entry, this allows the incumbent matchmaker to secure its dominant position and to make strictly positive profits. Our paper belongs to the recent literature on two-sided markets, pioneered by Armstrong (2006), Caillaud and Jullien (2003) and Rochet and Tirole (2003 and 2006). This literature has mainly focused on the pricing structure chosen by two-sided platforms in order to internalize network externalities. In particular, this literature provides an explanation to the unbalanced price structure usually observed in two-sided markets. Armstrong (2006) and Rochet and Tirole (2003 and 2006) show that it can be explained by a difference in relative 3



demand elasticities between the two sides. This effects are absent in our framework because users’ demand for intermediaries is assumed inelastic. Rochet and Tirole (2006)’s analysis also reveals that, if there is no coordination problem, the distinction between subscription and transaction fees is irrelevant under monopoly. In this case, agents on both side of the market only care on “per-interaction prices”, a combination of subscription and transaction fees which corresponds to the average price of one transaction trough the monopoly platform.2 Our paper shows that this distinction becomes relevant once users can meet in a decentralized market, because agents’ search intensities depend on the level of transaction fees. Caillaud and Jullien (2003) analyze a model of competition between intermediaries. In their model, subscription and transaction fees play different roles because intermediaries face coordination problem. Intermediaries capture a large share of the trade surplus by charging high transaction fees, which allows them to set negative subscription fees in order to attract users. When agents can meet in a decentralized market, these strategies are less efficient since high transaction fees lowers the probability that transactions takes place through the intermediaries. Intermediaries can no longer capture the full trade surplus through maximal transaction fees and, therefore, registration subsidies are less attractive. We also want to mention Hagiu (2007). This paper provides a model to explain the difference between “brick & mortar” and two-sided intermediaries. Although not directly related to our paper, we share with Hagiu (2007) an interest in understanding the impact of “traditional” form of intermediation on two-sided platforms. Our paper is also related to the older literature on intermediation and market microstructure.3 In this literature, the focus has been on understanding the market-clearing role of intermediaries. In this literature, intermediaries clear the market by setting bid and ask prices to match supply with demand. Several papers have also studied the role of intermediaries in search markets. Gehrig (1993) shows that agents with high gains from trade (sellers with low valuations and buyers with high valuations) are likely to register with an intermediary. This 2



Armstrong (2006) makes a similar point under competition. When two platforms compete both in subscription and transaction fees, there is a strategic indeterminacy: since users only care on “per-interaction prices”, each platform, for a given choice of tariff by its rival, has a continuum of best-responses. 3 See, e.g. Rubinstein and Wolinsky (1987), Stahl (1988), Biglaiser (1993), Yanelle (1997). See also Spulber (1996) for a comprehensive survey of this literature.
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arises because trade takes place at a known price through the intermediary, while there is uncertainty in the decentralized market. Yavas (1994) finds similar results. Last, Bloch and Ryder (2000) shows that this insight actually depends on whether an intermediary charge users on participation or on transaction. With registration fees, they obtain same results than Gehrig (1993) and Yavas (1994). Yet, if the intermediary charges transaction fees, they show that only agents with low gains from trade register with the matchmaker. We abstract away from such a perspective by assuming that buyers and sellers are homogenous. This approach allows us to provide a detailed analysis of the respective role of subscription and transaction fees. The remainder of this paper is organized as follows. In section 2, we lay out the framework of our model. Section 3 presents the benchmark situation where agents can only meet though intermediaries. Section 4 derives the monopoly outcome when there is a search market. Section 5 is devoted to the analysis of competition. Section 6 discusses some extensions and implications of our framework.
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The model



Participants. There are two risk-neutral agents: a buyer and a seller, labeled B and S.4 The gain from trade between buyer B and seller S is normalized to one. If they are matched, they follow an efficient bargaining process which yields a linear sharing of the trade surplus, with a share vi for the type i−agent (i = B, S) such that vB + vS = 1. Buyer B and seller S can meet both via a decentralized search market or through matchmakers. Decentralized search market. Each agent makes a search effort xi ∈ [0, x¯]. The search cost C(.) is an increasing strictly convex function of the search effort, with the property that C(0) = 0. We also assume that C 0 (¯ x) = ∞. Given the search efforts X = (xB , xS ), the probability that the two agents meet is given by µ(X). We assume that function µ(.) 4



Notice that, although there are only two agents, our model is formally equivalent to a model with two populations of mass one of homogeneous buyers and sellers.
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satisfies the following properties: µ(¯ x, x¯) ≤ 1,



∂µ ∂ 2µ ∂ 2µ (.) > 0, (.) ≥ 0, for all (i, j) ∈ {B, S}2 , i 6= j. (.) ≤ 0 and ∂xi ∂x2i ∂xi ∂xj



We also assume that function µ(.) is symmetric:5 µ(xB , xS ) = µ(xS , xB ), for all xB and xS . Matchmakers. There are two matchmakers, labeled k ∈ {I, E}. Matchmaker k operates a costless matching technology: if both agents register with matchmaker k, then, they are matched with probability λ < 1. We assume that the matching processes performed by matchmakers I and E are independent and are also independent of the agents’ search efforts in the decentralized market. Matchmaker k can charge user of type i a subscription fee pki , which can be either positive or negative. The matchmaker can also charge a transaction fee tk on the gains from trade.6 We assume that tk ≤ 1. Let P k = (pkB , pkS , tk ) denote the vector of matchmaker k’s prices and let P = (P I , P E ). We assume that buyer B and seller S can register with at most one matchmaker. We will study two different cases, depending on whether matchmaker I is a monopoly or competes with matchmaker E. In the former situation, we will omit the subscript I on the matchmaker’s prices. Agents’s payoffs. Let ni ∈ {∅, I, E} denote agent i’s participation strategy (i ∈ {B, S}): if agent i registers with matchmaker k, then, ni = k, and ni = ∅ if he joins neither matchmaker I nor E. Let N = (nB , nS ) denote the vector of participation strategies. If agent i does not register with a matchmaker, then, he can only be matched in the decentralized market. In this case, his expected utility is given by: Vi (P, X, N ) = µ(X)vi − C(xi ). 5



(1)



Thus, the sole source of asymmetry is the sharing rule of the trade surplus. Notice that the allocation of the transaction fee between buyer B and seller S is neutral, since the surplus from trade is shared according to an efficient bargaining process. 6
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If agent i joins matchmaker k, he has another opportunity of finding agent j (j 6= i). When both agents i and j register with matchmaker k, they meet “simultaneously” through both matching channels with probability λµ(X). If this event arises, we assume that agents end up being matched by matchmaker k with probability β ∈ (0, 1). Otherwise, with probability 1 − β, they are matched in the decentralized market, in which case they save the transaction fee tk . Parameter β captures the idea that the matching processes take time so that, for instance, buyer B and seller S may find each other through the intermediary although they could also have been match via the decentralized market if they had “wait” a little longer.7 In the end, agent i’s expected utility of agent i is given by: Vi (P, X, N ) =



λ1{nj =k} µ(X)



·



βvi (1 − tk ) + (1 − β)vi







+ (1 − µ(X))λ1{nj =k} · vi (1 − tk )



(2)



+ (1 − λ1{nj =k} )µ(X) · vi − C(xi ) − pki . Let Vˆi (tk , X) denote agent i’s expected utility gross of the subscription fee pi when both agents register with matchmaker k, i.e. Vˆi (tk , X) = Vi (P k , X, (k, k)) + pki . Given N , matchmaker k’s profits are given by: Πk (P k , X, N ) =



X



1{ni =k} · pki + λ[βµ(X) + (1 − µ(X))]1{ne =k,nu =k} · tk .



(3)



i=e,u



Timing and equilibrium. The chronology of events runs as follows: 1. Matchmakers choose their subscription and transaction fees. 2. Buyer B and seller S choose simultaneously and non cooperatively their search efforts and which matchmaker (if any) to register with.8 Then, the matching process takes place in the decentralized market and through the intermediaries. 7



Notice that, in this case, if transaction fees are positive, both agents would have been strictly better off if they had known that they could also have been matched via the decentralized market. 8 Notice that agents make their search efforts and participation decisions simultaneously. This captures the idea that the matching process takes times both in the decentralized market and through the matchmaker, so that, for instance, agents cannot choose their search intensities after having observed each other’s participation decisions.
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We assume there is full information at every stage of the game. We adopt the following tie-breaking rule: if agent i is indifferent between registering with a matchmaker and staying outside, it registers with the intermediary. We analyze the subgame perfect equilibrium of this game in which buyer B and seller S play pure strategies. For expositional simplicity, we give a formal definition of a subgame perfect equilibrium when matchmaker I is a monopoly. The definition generalizes naturally to the duopoly case. In the following, we assume that matchmaker I is a monopoly. Since agents play a search and coordination game in stage 2, there may be multiple subgame equilibria. To grasp the intuition, consider a vector of prices P such that both pB and pS are positive but not too high. Then, there exists a subgame equilibrium in which neither buyer B nor seller S register with the matchmaker. In this equilibrium, both agents anticipate that the other will not join matchmaker I, i.e. that they can meet only via the decentralized market. Therefore, they are not willing to pay positive subscription fees for a useless service. Yet, there exists also a subgame equilibrium in which both agents register with the matchmaker. In this equilibrium, both agents expect the other will join matchmaker I. Since pB and pS are not too high, they both find profitable to register with matchmaker I. Definition 1. A market allocation is a mapping (X(.), N (.)) that associates to each P a pure subgame equilibrium (X(P ), N (P )). In words, a market allocation determines the search effort and the demand for intermediation of each agent. Notice that we restrict to pure subgame equilibria. Definition 2. An equilibrium is a triple (P ∗ , X ∗ (.), N ∗ (.)), such that: (i) (X ∗ (.), N ∗ (.)) is a market allocation, (ii) P ∗ maximizes matchmaker I’s profits induced by (X ∗ (.), N ∗ (.)). Since there can be multiple market allocations, there are also multiple equilibria. We focus here on two polar market allocations, stemming from two types of agents expectations. The first one stems from optimistic expectations: each agent expects the other agent to register with matchmaker I, as long as he obtains a non-negative utility by doing so at the 8



prices announced by the matchmaker. Put differently, optimistic agents join matchmaker I once it is an equilibrium to do so, i.e. they coordinate on the equilibrium that yields maximal profits to I. The second market allocation stems from pessimistic expectations: each agent expects that the other agent will not support matchmaker I as long as this is consistent with the prices announced. In other words, pessimistic agents coordinate on the equilibrium that yields minimal profits for I.
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Matchmakers without decentralized market



In this section, we present our benchmark for the subsequent analysis. Thereafter, assume that buyer B and S can only meet through matchmakers.9



3.1



Monopoly matchmaker



Assume here that matchmaker I is a monopoly. We consider two situations, according to whether agents are optimistic or pessimistic. Optimistic agents. As pointed out in the previous section, an optimistic agent expects the other agent to register with matchmaker I, as long as he obtains a non-negative utility by doing so at the prices announced by the matchmaker. Put formally, agent i (i ∈ {B, S}) registers with matchmaker I as soon as: λvi (1 − t) − pi ≥ 0.



(4)



Therefore, when agents are optimistic, matchmaker I captures the full agents’ surplus. This is done by charging pi = λvi (1−t). Besides, notice that the matchmaker is indifferent between capturing the agents’ surplus with a maximal transaction fee (t = 1), or with a combination of positive subscription fees and a transaction fee strictly below 1. 9



This may correspond to two different situations: either there is no decentralized search market, or there exists a decentralized search market where, however, the cost of search is prohibitive.
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Proposition 1. When it faces optimistic agents, a monopoly matchmaker captures the full agents’ surplus and makes profits λ. Besides, the matchmaker is indifferent between capturing agents’ surplus through subscription or transaction fees. Proof. Immediate. In the terminology of Rochet and Tirole (2006), optimistic agents only care on the “perinteraction price” defined by Pi = tvi + pi /λ: agent i joins matchmaker I as soon as Pi ≤ vi . The intermediary thus chooses any combination of registration and transaction fees such that Pi = vi . In this case, the distinction between registration and transaction fees is irrelevant. Pessimistic agents. A pessimistic agent expects that the other agent will not support matchmaker I as long as this is consistent with the prices announced. In particular, if both pB and pS are positive, neither buyer B nor seller S registers with matchmaker I. Indeed, in this case, agent i anticipate that he will obtain −pi < 0 if he joins the matchmaker, so that he is strictly better off staying outside. Therefore, the intermediary must subsidize one agent, say, agent i. Then, suppose that pi is negative, so that agent i registers with matchmaker I whatever his expectations on agent j’s participation decision (j 6= i). Now, agent j registers with the intermediary as soon as: λvj (1 − t) − pj ≥ 0. Therefore, if it chooses to subsidize agent i, matchmaker I sets pj = λvj (1 − t) and makes profits: Π = λvj (1 − t) + λt.



(5)



Notice that it is optimal for matchmaker I to set the transaction fee at its maximal level t = 1. Indeed, in doing so, it captures the full agents’ surplus, while still being able to coordinate agents’ participation decisions by setting pi slightly below 0 and pj = 0. Proposition 2. When it faces pessimistic agents, a monopoly matchmaker captures the full agents surplus and makes profits λ. Besides, the matchmaker sets null subscription fees and a maximal transaction fee. 10



Proof. Immediate. Proposition 2 states that, even if agents are pessimistic, a monopoly matchmaker can still capture the whole trade surplus when buyer B and seller S are matched. This result relies heavily on the ability of the matchmaker to capture the full agents surplus trough a maximal transaction fee. To grasp the idea, assume that the intermediary cannot charge transaction fees. Then, since the matchmaker has to subsidize participation of one agent, say, agent i, it makes profit only on agent j’s registration: Π = λvj ≤ λ.10 When agents are pessimistic, the intermediary faces a coordination problem. In order to deal with this coordination problem, the matchmaker adopts a “divide-and-conquer” pricing strategy. The idea is to subsidize one agent to get it on board and, then, to use the presence of the subsidized agent to attract the other agent.11 Intuitively, the intermediary should “divide” the agent who benefits less from trade, i.e. the agent whose participation exerts the largest externality on the other agent. However, in our framework, the monopoly matchmaker is indifferent between subsidizing one agent or the other: both buyer B and seller S face null subscription fees. Once again, the reason is that the intermediary can capture the whole surplus from trade through a maximal transaction fee.



3.2



Competing matchmakers



Suppose now that there are two competing matchmakers, k ∈ {I, E}. Since buyer B and seller S can register with at most one intermediary, matchmakers I and E compete for exclusive services. In this situation, Caillaud and Jullien (2003) proves the following proposition.12 Proposition 3. The only equilibria are such that buyer B and seller S register with the same intermediary I. Besides, matchmaker I charges the maximal transaction fee (tI = 1), subsidizes registration, and makes zero profit (pIB + pIS = −λ). Proof. See Proposition 1 in Caillaud and Jullien (2003). 10



Notice that, in this case, the intermediary would choose to subsidize the agent who benefits less from trade, which would give him profits λ max{vB , vS }. 11 We call these strategies “divide-and-conquer” by analogy to Caillaud and Jullien (2003) and Segal (2003). 12 With the additional assumption that market allocations have to be weakly decreasing in prices, Caillaud and Jullien (2003) also shows that there exists no equilibria in which buyer B and seller S play mixed strategies.



11



Here is an intuitive overview of the proof. Suppose that matchmaker I serves both agents and makes positive profits. Then, inactive matchmaker E can propose to pay buyer B and seller S (through negative subscription fees) slightly more than what they obtain with matchmaker I. In doing so, matchmaker E attracts both agents and generates maximal aggregate surplus λ. But then, matchmaker E can capture the whole surplus from trade by charging a maximal transaction fee. In other words, matchmaker E captures the whole surplus and, then, redistributes it to buyer B and seller S through the registration fees. Since matchmaker I does not redistribute the whole surplus from trade – by assumption, it makes positive profits –, then, this strategy is feasible and profitable for matchmaker E. In the end, in order to secure its dominant position, matchmaker I has to capture the full agents’ surplus through maximal transaction fee (tI = 1) and, then, to redistribute it entirely through registration subsidies (pIB + pIS = −λ). Although one matchmaker is inactive in equilibrium, the other matchmaker is left with zero profits. This seems to indicate that the market is sufficiently contestable so that an incumbent intermediary cannot both secure its dominant position and make positive profits. Yet, again, this result holds because matchmakers can charge a maximal transaction fee (t = 1). In a working paper, Caillaud and Jullien (2001) indeed shows that, if, for exogenous reasons, intermediaries are constrained to set transaction fees below 1, then, there exists dominant-firm equilibria in which the incumbent matchmaker makes positive profits.13 In section 5, we will see that this constraint on feasible transaction fees arises endogenously when agents can also meet in a decentralized market.



4



Monopoly matchmaker in a search market



In this section, we analyze matchmaker I’s price setting when it faces optimistic or pessimistic users. 13



See Proposition 1 in Caillaud and Jullien (2001).
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4.1



Subgame equilibria



There can be multiple equilibria in stage 2. This multiplicity stems from two reasons. First, as pointed out in the previous section, agents play a coordination game in stage 2: for a given P , it is likely that there exists both a “good” equilibrium in which both agents register with the matchmaker, and a “bad” equilibrium in which none of them join the matchmaker. Second, agents also play a search game where search intensities are strategic complements, and it is a well knows phenomenon that strategic complementarities are a source of multiplicity of equilibria. For the sake of simplicity, we abstract away from this second source of multiplicity of equilibria by assuming that, for given participation decisions N , there exists a unique X that can be part of an equilibrium in which agents’ participation decisions are given by N .14,15 Let (X, N ) be a pure subgame equilibrium for the price system P = (pB , pS , t). Notice first that N ∈ {(∅, ∅), (I, ∅), (∅, I), (I, I)} since (X, N ) is a pure equilibrium. If at least one agent does not register with matchmaker I, i.e. if N ∈ {(∅, ∅), (I, ∅), (∅, I)}, then, agent i’s expected utility is given by: Vi (P, X, N ) = µ(X)vi − C(xi ) − 1{ni =I} pi . Notice that X is also an equilibrium of the search game induced by N . Therefore, in particular, since for all i ∈ {B, S} functions xi 7→ Vi (P, (xi , x−i ), N ) are concave and differentiable w.r.t. xi , the equilibrium search intensities X are given by the first-order conditions: ∂µ (xi , x−i )vi = C 0 (xi ), for all i ∈ {B, S}. ∂xi



(6)



Notice that if (X ∗ , N ∗ ) is a subgame equilibrium for the price system P , then, X ∗ is also an equilibrium of the game {(B, S), [0, x ¯]2 , (Vi (P, X, N ∗ ))i=B,S }. Since search intensities are strategic complements, this game is supermodular. The key consequence is that the set of Nash equilibria of this game is non-empty and has a lattice structure (see Topkis (1998) for instance). In particular, it has a least and a greatest elements. Then, rather than assuming that, for given equilibrium strategies (X ∗ , N ∗ ), there exists a unique X ∗ that can be part of this equilibrium, we can assume, for instance, that X ∗ is the greatest equilibrium of the search game {(B, S), [0, x ¯]2 , (Vi (P, X, N ∗ ))i=B,S }. 15 Interestingly, if we had not abstract away from this multiplicity of equilibria, this would have introduced a new role for intermediaries. In a two-sided search model with multiple search equilibria, Yavas (1995) shows that intermediaries may actually have an equilibrium selection role. He finds that an intermediary can help coordinating agents on the Pareto-dominant search equilibrium as well as increase the number of equilibria. 14
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We denote by X ∅ the unique solution of equations (6). In words, if at least one agent does not register with matchmaker I, then, equilibrium search intensities are given by X ∅ . We denote by Vi∅ agent i’s expected utility gross of subscription fee (if any) when at least one agent does not support matchmaker I: Vi∅ = µ(X ∅ )vi − C(x∅i ). Suppose now that both agents join matchmaker I, i.e. N = (I, I). Then, agent i’s expected utility is given by Vi (P, X, N ) = Vˆi (t, X) − pi . Notice that, by equation (2), when the transaction fee is negative and sufficiently low, the only search intensities that can be part of a subgame equilibrium are (0, 0), i.e. agents do not search in the decentralized market. Lemma 1. Let (X, N ) be a pure subgame equilibrium such that N = (I, I). If t ≤ t = 1 − 1−λ < 0, then X must be equal to (0, 0). λ 1−β



Proof. See Appendix A.1. Intuitively, when t is negative, agents make little efforts in the decentralized search market since, in doing so, they are more likely to be matched by the intermediary and, thus, to earn the subsidy t. Actually, Lemma 1 states that, if t is sufficiently low, agents stop looking for each other in the decentralized market when they both register with the agency. Notice that t is increasing in λ and decreasing in β. When λ is high, agents make little effort in the decentralized market since they are likely to be matched by I. Therefore, the subsidy on trade surplus does not need to be high to provide agents with incentives to stop searching in the decentralized market. The reason why t is decreasing in β is more subtle. To grasp the intuition, suppose that β is high, say β = 1 to make things more stringent. Then, agents are matched in the decentralized market only if matchmaker I fails to do it. Put differently, agents pay the transaction with probability λ, which no longer depends on µ(X). In this case, the transaction fee has no impact on agents’ search intensities, so that matchmaker I has to set an “infinite” subsidy on trade surplus in order to provide agents with incentives to stop searching in the decentralized market. Though anticipating a little on our analysis, a key implication of Lemma 1 is that matchmaker I never sets a transaction fee lower than t. Indeed, starting from t, a decrease in the transaction fee has no impact on agents’ search intensities, but, on the other hand, it raises the subsidy on trade surplus and, therefore, lowers matchmaker’s profits. 14



Suppose now that t > t. Agent i’s expected utility is still given by Vi (P, X, N ) = Vˆi (t, X) − pi . But now, the equilibrium search intensities are given by the first-order conditions:



∂ Vˆi (t, (xi , x−i )) = 0, for all i ∈ {B, S}, ∂xi



or, equivalently, by: ∂µ (xi , x−i ) [1 − λ(1 − (1 − β)t)] vi = C 0 (xi ), for all i ∈ {B, S}. ∂xi



(7)



We denote by X ∗ (t) the unique solution of equations (7). The following lemma characterizes the properties of function X ∗ (.). Lemma 2. Search efforts X ∗ (.) are increasing in t. Besides, for a given t, X ∗ (t) is increasing (decreasing) in β if t is positive (negative), and X ∗ (t) is decreasing in λ if t ≤



1 . 1−β



Proof. See Appendix A.2. In words, when both agents register with matchmaker I, they search more intensively in the decentralized market when the transaction fee is high. When t is high, the matchmaker captures most of the gain from trade between buyer B and seller S if they are matched by I. Hence, even if it is still profitable to be matched by the matchmaker, both agents prefer being matched in the decentralized market in order to save the transaction fee. Lemma 2 also states that agents search more (less) when β is high and t is positive (negative). Intuitively, when β is high, agents are more likely to be matched by matchmaker I. More precisely, when β is high, agents are likely to be matched by the matchmaker even if they could have met in the decentralized market. Therefore, if t is positive, agents prefer to be matched in the decentralized market to save the transaction fee and, thus, make a high search effort. However, if t is negative, it is more profitable to be matched by matchmaker I, so that an increase in β has a negative impact on search intensities. Last, the equilibrium search intensities are decreasing in λ. Intuitively, when λ is high, i.e. when the matchmaker’s technology is efficient, agents have a high probability of being matched through matchmaker I. Hence, they have less incentives to search by themselves in the decentralized market. Notice however that, when the matching technology is perfect 15



(λ = 1), agents still make positive search efforts if the transaction fee is positive. In other words, even if they are sure to be matched if they register with the matchmaker, they still have incentives to search by themselves in order to save the transaction fee. Lemma 3. Let E(P ) denote the set of pure subgame equilibria for the price system P . Then,  E(P ) ⊂ (X ∅ , (∅, ∅)), (X ∅ , (I, ∅)), (X ∅ , (∅, I)), (X ∗ (t), (I, I)) , where X ∅ and X ∗ (t) are given by equations (6) and (7) respectively. Proof. Immediate. Lemma 3 implies that, for a given P , optimistic agents register with the matchmaker if (X ∗ (t), (I, I)) ∈ E(P ). In other words, optimistic agents both join matchmaker I as soon as it is an equilibrium to do so. On the other hand, pessimistic agents both join matchmaker I only if {(X ∗ (t), (I, I))} = E(P ), i.e. only if participating is the only equilibrium.



4.2



Optimistic users



In this section, we derive the matchmaker’s profits when it faces optimistic users. In stage 1, matchmaker I sets its prices P in order to maximize its profits subject to the constraints that optimistic agents participate, i.e. that (X ∗ (t), (I, I)) ∈ E(P ) for the price system P . Suppose that (X ∗ (t), (I, I)) is an equilibrium. In this equilibrium, agent i registers with matchmaker I and obtains Vˆi (t, X ∗ (t)) − pi . If he deviates and leaves the platform, then, he should take into account that he can meet agent j (j 6= i) only in the decentralized market. Therefore, agent i’s “best” deviation is to leave matchmaker I and to make an effort xi such that: ∗ xi = xdev i (t) ≡ arg max µ(x, xj (t))vi − C(x). x



∗ Notice that xdev i (t) is greater than xi (t). Intuitively, if agent i deviates, then, he can no



longer meet agent j through the intermediary, and, thus, he searches more intensively in the decentralized market. Let Videv (t) denote agent i’s expected utility in this best deviation. It 16



is given by: ∗ dev Videv (t) = µ(xdev i (t), xj (t))vi − C(xi (t)).



(8)



Since x∗j (.) is increasing in t, then, by the envelop theorem, function Videv (.) is also increasing in t. Intuitively, when t is high, agents search intensively in the decentralized market in order to save on the transaction fee. Hence, if agent i leaves matchmaker I, he is still likely to be matched in the decentralized market since agent j makes a high search effort. The problem of matchmaker I thus writes: max(pB ,pS ,t) Π



=



pB + pS + λ (1 − (1 − β)µ(X ∗ (t))) t



s.t. Vˆi (t, X ∗ (t)) − pi ≥ Videv (t), for all i ∈ {B, S}. Matchmaker I sets subscription fees so that agents are just willing to participate. Hence, the problem of matchmaker I rewrites: max Π = S(t) − t



X



Videv (t),



(9)



i=B,S



where S(t) = VˆB (t, X ∗ (t)) + VˆS (t, X ∗ (t)) + λ(1 − µ(X ∗ (t))(1 − β))t, i.e. S(t) is the total surplus for given transaction fee t. After some algebra, function S(.) is given by: S(t) = λ + (1 − λ)µ(X ∗ (t)) −



X



C(x∗i (t)).



(10)



i=B,S



Therefore, the problem of matchmaker I is to set t in order to maximize the total surplus and, at the same time, to minimize agents’ outside options. Equations (9) and (10) show that an increase in t has three effects on matchmaker I’s profits: two effects on the total surplus and one effect on agents’ outside options. An increase in t has two conflicting effects on the total surplus. On the one hand, it provides agents with incentives to search more intensively in the decentralized market, which has a positive effect on the total surplus. On the other hand, it also raises the cost of search since agents make higher search efforts. This has a negative impact on total surplus. Last, as pointed out above, an increase in t makes deviation more profitable for buyer B and seller S. This
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“outside option” effect has a negative impact on matchmaker I’s profits since matchmaker I has to leave agents a higher share of the total surplus. The following proposition shows that, when t is positive, the two negative effects dominate the positive effect. Proposition 4. When it faces optimistic agents, matchmaker I sets a negative transaction fee. Besides, the optimal transaction fee lies between t and 0. Proof. See Appendix A.3. To grasp the intuition, consider the impact of a small increase in t on the total surplus and on agents’ outside option. The positive impact on total surplus stems from the fact that agents make higher search efforts, which raises the probability that a match occurs in the decentralized market. This increase is of order ∂µ/∂xi (X ∗ (t)). On the other hand, as pointed out above, a small increase in t also makes deviation more profitable. Buyer B and seller S have higher probabilities for being matched in the search market if they deviate. This ∗ dev increase is of order ∂µ/∂xi (x∗i (t), xdev j (t)). Then, notice that ∂µ/∂xi (xi (t), xj (t)) is greater ∗ than ∂µ/∂xi (X ∗ (t)) since search efforts are strategic complements and xdev j (t) ≥ xj (t). In



words, a small increase in t has a stronger impact on agents’ outside option than on agents’ payoffs if they stay registered with matchmaker I. The fact that matchmaker I “competes” with a search market puts considerable constraints on pricing instruments when agents are optimistic. As pointed out above, a monopoly intermediary has to leave some positive surplus to agents since they now have outside options. The interesting thing about these outside options is that they depend on the transaction fee charged by the intermediary. More precisely, high transaction fees make deviation more profitable and this effect is so strong that matchmaker I prefers to set a null or negative transaction fee. Put differently, a monopoly matchmaker makes positive profits through registration fees rather than transaction fees. This is in stark contrast with Proposition 1, which states that, when there is no search market, a monopoly matchmaker is indifferent between capturing agents’ surplus through registration or transaction fees.
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4.3



Pessimistic users



In this section, we assume that matchmaker I faces pessimistic agents. When agents are pessimistic, matchmaker I faces a coordination problem. We have seen in the previous section that the intermediary can overcome this coordination problem with divide-and-conquer pricing strategies. To grasp the intuition, consider a situation where matchmaker I has already attracted agent i. Since agent i is pessimistic, he expects that agent j will not register with the intermediary. In other words, he expects that he can meet agent j only through the search market. Hence, he makes a high search efforts x∅i . Agent j anticipates this. Therefore, if he registers with matchmaker I, he chooses a search intensity xj such that: xj = arg max Vˆj (t, x, x∅i ) − pj . x



Hence, he is better off joining the intermediary if pj ≤ rj (t) ≡ maxx Vˆj (t, x, x∅i ) − Vj∅ . For now, we have found a necessary condition on pj such that, if agent i has already registered with matchmaker I, then, agent j is also willing to participate. Let us find necessary conditions on pi such that agent i registers with the intermediary, whatever his beliefs on agent j’s registration and search strategies. First, assume that agent i expects that agent j will not register with matchmaker I. Then, in particular, he expects that he cannot meet agent j through the intermediary. Thus, if he registers with matchmaker I, he still makes a high search effort and obtains Vi∅ − pi . Hence, he is better off joining the intermediary if pi ≤ 0. Second, assume that agent i expects that agent j will register with intermediary. Again, since agent i is pessimistic, he expects that agent j expects that he will not join matchmaker I. In particular, agent i expects that agent j makes a high search effort x∅j . Therefore, if he registers with matchmaker I, he chooses a search intensity xi = arg maxx Vˆi (t, x, x∅j ) − pi . In this case, participation is profitable if pi ≤ ri (t). In the end, a necessary condition for optimistic agents to register with matchmaker I is that there exists i ∈ {B, S} such that pi ≤ inf {0, ri (t)} and pj ≤ rj (t), j 6= i. The following lemma states that this necessary condition is actually sufficient. Lemma 4. When agents are pessimistic, they both register with matchmaker if and only 19



there exists i ∈ {B, S} such that: pi ≤ inf {0, ri (t)} ≤ 0, pj ≤ rj (t), where rk (t) = maxx Vˆk (t, x, x∅−k )−Vk∅ . Besides, function rk (.) is decreasing in t and is negative if t is sufficiently high. Proof. See Appendix A.4. Lemma 4 shows that, if matchmaker I chooses to “divide” agent i and to “conquer” agent j, then it sets pi = min {0, ri (t)} and pj = rj (t) and makes prfoits: inf {0, ri (t)} + rj (t) + πλ (t) ≡ Π(i,j) (t),



(11)



where πλ (t) = λ(1 − (1 − β)µ(X ∗ (t)))t. When agents are pessimistic, matchmaker I first chooses to divide either buyer B or seller S. Then, if he has chosen to divide agent i, the intermediary sets the transaction fee that maximizes Π(i,j) (t). Suppose that matchmaker I chooses to divide agent i. Then, the intermediary sets the transaction fee to balance various effects. Consider first the last term in equation (11), namely, πλ (t). An increase in t has two countervailing effects on πλ (t). First, it raises per transaction profits. Second, it has an adverse effect on matchmaker I’s profits, since it lowers the probability that the matching occurs through the intermediary. Indeed, once again, following an increase in t, agents search more intensively in order to save transaction fee. Then, consider the second term in equation (11), namely, rj (t), i.e. the surplus captured by the intermediary through registration fee pj . As stated by Lemma 4, rj (t) is decreasing in t. Intuitively, when t is high, agent j benefits little from registering with matchmaker I, since the intermediary captures most of the surplus from trade if it performs the matching. It is worth noting here that, if t is sufficiently high, then, rj (t) may be negative. To grasp the intuition, consider the extreme case where β = 1. In this case, agents save the transaction
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fee only if they are not matched through the intermediary.16 Therefore, when t is high, if agent j registers with matchmaker I, then, agent j’s gains from trade are likely to be small, although they could have been high if he had not joined the intermediary. Then, matchmaker I has to compensate agent j through a registration subsidy. Last, consider the first term in equation (11), namely, inf {0, ri (t)}. It is also decreasing in t. Besides, as pointed out above, it is negative if t is sufficiently high. Therefore, if the positive effect of an increase in t on per transaction profits is sufficiently strong, it may be the case that both min {0, ri (t)} and rj (t) are negative. In other words, matchmaker I sets negative registration fees on both side of the market. If such a situation arises, then, the asymmetric nature of divide-and-conquer strategies is irrelevant: since both agents receives registration subsidies, the intermediary no longer has to choose which agent to divide. These effects are difficult to disentangle. Yet, we are still able to show that the matchmaker sets a positive transaction fee. Proposition 5. When agents are pessimistic, matchmaker I sets a positive transaction fee. Proof. See Appendix A.5. When agents are pessimistic, the intermediary cannot extract agent i’s surplus through registration fee pi . Then, intuitively, the intermediary sets a positive transaction fee to capture some of agent i’s surplus. We would like to understand under which circumstances the logic of Proposition 2 is at work when there is a search market, i.e. under which circumstances the intermediary sets a maximal transaction fee. At this stage, unfortunately, the analysis becomes untractable. Then, in order to go further, we specify the matching and cost functions. Thereafter, we make the following assumption:17 Assumption 1. µ(xB , xS ) = xB + xS and C(xi ) = c/2 · x2i , c > 1. In order to understand the impact of each parameter separately, we consider the two extreme cases where β = 0 and β = 1. 16



Notice that, in this case, the level of the transaction fee has no impact on agents’ search intensities. The assumption c > 1 implies that equilibrium search intensities are lower than 1 and that the probability that a match occurs in the decentralized market is always lower than 1. 17
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Assume first that β = 0. In words, in this case, agents pay the transaction fee only if they do not find each other through the search market. Therefore, matchmaker I has strong incentives to set a low transaction fee in order to lower agents’ search efforts and, thus, to increase the probability that it performs the matching. Proposition 6. Under Assumption 1, if β = 0, then, matchmaker I chooses to divide agent i if vi ≤ vj and the optimal transaction fee is given by: t0 =



vi (c − 1 + λ(1 + vj )) . λ(2 − vj2 )



Besides, t0 is increasing in vi and c and decreasing in λ. Proof. See Appendix A.6. Proposition 6 states that matchmaker I chooses to divide the agent who benefits less from trade. This is coherent with the standard intuition about two-sided markets: a platform charges lower subscription fees to the group of agents who benefit less from the intermediation service, i.e. the group who exerts the largest externality on the other group. Proposition 6 also states that, if vi ≤ vj , the optimal transaction fee is increasing in vi and c and decreasing in λ. When vi is high, but smaller than 1/2, agent i’s benefits from trade are high. Therefore, the opportunity cost of subsidizing agent i is high, so that matchmaker I sets a higher transaction fee in order to capture some of agent i’s surplus. When c is high, search costs are prohibitive, so that agents make little efforts and are matched in the decentralized market with small probability. Therefore, the intermediary sets registration and transaction fees as if there were no search market. The logic of Proposition 2 is at work in this case: the matchmaker charges a high transaction fee. When λ is high, the intermediary is likely to match agents successfully. But since it performs the matching only if agents did not find each other in the decentralized market (β = 0), it sets a low transaction fee in order to provide agents with incentives to search less. Suppose now that β = 1. Then, the transaction fee has no impact on search intensities. Indeed, in this case, agents save the transaction fee with probability (1 − λ)µ(X), i.e. only
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if they are not matched through the intermediary.18 Simple algebra show that ri (t) is given by: ri (t) = λvi (1 − t) − r˜i , where r˜i = λ(2 − λvi )vi /2c > 0. Parameter r˜i is what matchmaker I must pay to agent i in order to compensate him from registering. Indeed, when agent i registers with the intermediary, his probability for being matched through the search market falls from µ(X) to (1 − λ)µ(X) and, besides, he has to pay vi t with probability λ. This represents a loss for agent i that must be compensated by matchmaker I. When the intermediary chooses to divide agent i, its profits are thus given by:   λv (1 − t) − r˜ + λt if t < t˜ , j j i Π(i,j) (t) =  λ − r˜ − r˜ if t ≥ t˜i , j i where t˜i is such that ri (t˜i ) = 0. If t > t˜i , then, ri (t) becomes negative, so that matchmaker I has to pay a negative registration subsidy to agent i. Notice that function Π(i,j) (.) is increasing in t up to t˜i and is then constant. Hence, matchmaker I is indifferent between any transaction fee above t˜i . Besides, notice that the intermediary gets the same profits, whatever the agent it has chosen to divide. The fact that matchmaker I is indifferent between many transaction fees is an artefact of model when β = 1. Indeed, if β were slightly below 1, then, r˜i would depend on t. In this case, if r˜i were increasing in t, then, matchmaker I would set the maximal transaction fee and, otherwise, the minimal transaction fee min{t˜i , t˜j }. We use this trick to select among the set of optimal transaction fees. Proposition 7. Under Assumption 1, when β = 1, then, matchmaker I charges the maximal transaction fee (t = 1), subsidizes registration on both sides of the market, and makes profits λ − r˜B − r˜S > 0. Proof. See Appendix A.7. Formally, when β = 1, function Vˆi (.) is given by: Vˆi (t, X) = λvi (1 − t) + (1 − λ)µ(X)vi − C(xi ). Given xj , agent i’s optimal search intensities thus solves: (1 − λ)vi ∂µ(xi , xj )/∂xi = C 0 (xi ). Hence, search efforts does not depend on t. 18
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Figure 1: Matchmaker I’s profits as a function of t if it subsidizes buyer B (thick curve) and seller S (dashed curve) when vB < vS . Left figure: β = 0; right figure: β = 1. (vB = 0.3, λ = 0.7 and c = 1.2)



The above analysis, illustrated by Figure 1, shows that, when agents are pessimistic, parameter β plays a crucial role. On the one hand, when β = 1, the link between the two matching processes – the search market and the intermediary – is weak since the level of the transaction fee has no impact on search intensities. In this case, the intermediary sets its transaction fee as if there were no search market. The same logic than in section 3 is thus at work: the matchmaker captures the full agents surplus through a high transaction fee and, then, attracts both agents through registration subsidies. On the other hand, when β = 0, the link between the two matching processes is strong. The matchmaker has here strong incentives to set a low transaction fee, since, in doing so, the matching is more likely to occur through the intermediary. However, when search costs are prohibitive, agents cannot use the decentralized market as an alternative source of matching. Proposition 2 is thus at work: the intermediary sets a high transaction fee. Although we are not able to conduct the same analysis for intermediate values of β, a continuity argument implies that similar results hold when β is sufficiently high or low. Figure 2 depicts matchmaker I’s profits as a function of t for three values of β if it divides buyer B when vB < vS . A couple of things are worth noticing. First, the shape of the profits curve changes when β increases: it is bell-shaped when β is low and monotonic when β is
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high.19 Second, the optimal transaction fees seems to be increasing in β. This indicates that, when β is low, the logic at work is the same than if β = 0, while, when β is high, the logic at work is the same than if β = 1.
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Figure 2: Matchmaker I’s profits as a function of t if it subsidizes buyer B when vB > vS . From the lower to the upper curve: β = 0, 0.2 and 0.7. (vB = 0.3, λ = 0.7 and c = 1.2)



5



Competing matchmakers in search market



In this section, we analyze the outcome of competition between matchmakers I and E. We show that, by comparison with Proposition 3, when buyer B and seller S can also meet through a search market, then, there exists equilibria in which one matchmaker monopolizes the market and makes strictly positive profits. Proposition 8. There exists dominant-firm equilibria such that buyer B and seller S registers with the same intermediary I and in which matchmaker I makes positive profits. More precisely, for all ΠI ∈ [0, max(i,t) {Vˆi (t, X ∗ (t))−Videv (t)+πλ (t)}−max(i,t) {ri (t) + πλ (t)}], there exists a dominant-firm equilibrium in which matchmaker I makes profits ΠI . 19



Yet, these observations hold only when t ≤ 1. Profits curve are also bell-shaped when β is high, but they reach their maxima when t > 1.
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Proof. See Appendix A.8. Proofs of Propositions 8 and 3 are similar. In order to attract buyer B and seller S, matchmaker E sets its transaction fee to generate maximal aggregate surplus. Then, matchmaker E tries to pay agents slightly more than what they obtain with matchmaker I. But now, matchmaker E also has to pay agents slightly more than what they obtain if they both stay outside and search only in the decentralized market. It happens that this second constraint is more stringent than the first one. This is not the case for matchmaker I. Indeed, if agents hold optimistic beliefs w.r.t. matchmaker I, then, matchmaker I can capture Vˆi (t, X ∗ (t)) − Videv (t) from agent i, while matchmaker E can only extract ri (t). Then, matchmaker I can secure its dominant position. This is done by setting transaction fees so as to generate a high aggregate surplus and, then, by charging sufficiently low subscription fees so that matchmaker E cannot profitably attract both buyer B and seller S. The key implication of Proposition 8 is that competition is less intense when agents can also meet through a search market. It seems counterintuitive at first sight since, in some sense, the decentralized market plays the role of a third competitor. With this interpretation in mind, one could thus expect that competition will be harsh, so that the dominant matchmaker will be left with zero profit. Yet, this intuition is misleading. The fundamental reason for Proposition 8 is that adding a third matching channel actually strengthens coordination problems. The entrant matchmaker faces agents who are not only likely to register with the incumbent matchmaker, but are also likely to search only in the decentralized market. These double coordination problems may be impossible to alleviate for the entrant matchmaker.
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Discussion



In this section, we discuss some extensions and implications of our framework.



6.1



Endogenous volume of transactions



So far, we have assumed that buyer B and seller S follow an efficient bargaining process to share the trade surplus. A consequence was that transaction fees had no impact on trade
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surplus when agents were matched through an intermediary. This is no longer the case if, for instance, buyer B purchases several units of a good produced by seller S and intermediaries charge transaction fee on each unit sold. In this case, when the transaction is high, the seller should set a high per-unit price, therefore having an adverse effect on the volume of transactions. Here, we study this additional role of transaction fees.20 We consider a situation where a monopoly matchmaker faces optimistic agents. For the sake of simplicity, we assume that β = 0. This has no consequence on the following analysis. When agents are matched, buyer B has a demand d(p) for the good produced by seller S, where p is the per-unit price chosen by seller S. We assume that seller S incurs neither fixed nor marginal cost to produce its good. We also assume that function d(.) is decreasing in p and that function π(p) = pd(p) is strictly concave in p. If buyer B and seller S are matched through the intermediary, seller S sets a price p(t) = arg maxp (p − t)d(p) and makes profits π(p(t)) = (p(t) − t)d(p(t)). Notice that p(.) R∞ is increasing in t. Then, the buyer’s surplus is given by uB (p(t)) = p(t) d(ρ)dρ. Therefore, an increase in t has a negative impact on buyer B’s and seller S’s benefits from trade, since π(p(.)) and uB (p(.)) are both decreasing in t. When both agents register with matchmaker I, their expected payoffs are given by: VB (P, X) = µ(X ∗ (t))uB (p(0)) + λ(1 − µ(X))uB (p(t)) − pB − C(x∗B (t)), VS (P, X) = µ(X ∗ (t))π(p(0)) + λ(1 − µ(X))π(p(t)) − pS − C(x∗S (t)). where X ∗ (t) is given by the following first-order conditions: ∂µ (X ∗ (t)) ∂xB



 B  u (p(0)) − λuB (p(t)) = C 0 (x∗B (t)),



∂µ (X ∗ (t)) [π(p(0)) ∂xS



− λπ(p(t))]



= C 0 (x∗S (t)).



For the same reason as in section 4, search efforts are increasing in t. Then, matchmaker I’s profits are given by: Π(P, X) = pB + pS + λ(1 − µ(X ∗ (t)))d(p(t))t. 20



In a different context, Hagiu (2006) also studies this role.
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(12)



The only difference between equations (12) and (3) is that matchmaker’s profits now depend on the volume of transaction d(p(t)) between buyer B and seller S. Equation (12) highlights the new role of the transaction fee: an increase in t has an adverse effect on the volume of transactions and, therefore, on intermediary’s profits. Matchmaker I sets P to maximize its profits subject to the constraints that buyer B and seller S are not willing to leave the intermediary and search only in the decentralized market. The analysis follows the same step than in section 4 and we obtain the following proposition. Proposition 9. If the volume of transaction depends on transaction fees, then a monopoly matchmaker sets a negative transaction fee when it faces optimistic agents. Proof. See Appendix A.9 Proposition 9 is analogous to Proposition 4. This is not so surprising because matchmaker I has strong incentives to set low transaction fees. First, low transaction fees make deviations less profitable. Second, the volume of transaction is higher when transaction fees are low, so that the intermediary can capture a higher surplus from agents through subscription fees.



6.2



Relevant market: definition and implications



So far, we have discussed the respective role of subscription fees and transaction fees in twosided markets when users can also meet through a decentralized market. In this section, we discuss several implications of considering that the relevant market encompasses both the intermediaries and the decentralized market. Welfare criterion. In our setting, the welfare is defined as the total surplus, i.e. the sum of agents’ utilities and matchmakers’ profits, when both agents register with the same intermediary and choose their search intensities optimally given matchmakers’ prices. Put formally, for a given transaction t, the total surplus is given: S(t) = λ + (1 − λ)µ(X ∗ (t)) −



X



C(x∗i (t)).21



i∈{B,S} 21



Notice that the total surplus is given by the same formula under monopoly and competition since we only consider competition for exclusive service.
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With this criterion, the welfare only depends on the level of transaction fees. The efficient transaction fee balances two effects: if t is high, agents search more, which raises the volume of transactions; yet, the cost of search may be high. Put differently, the efficient transaction fee must provide agents with incentives to substitute the search market for the intermediary when search costs are prohibitive or when the intermediary’s matching technology is very efficient. In this case, the efficient transaction fee should be low. Conversely, if search costs are low or if the matching technology is inefficient, then, the efficient transaction fee should be high. Welfare in a pure search economy. In our framework, intermediaries seem to have a positive impact on total surplus since they provide a second and non-exclusive source of matchings. Put differently, buyers and sellers may benefit from joining an intermediary because this give them another chance to be matched. However, transaction fees introduce a form of substitutability between matching channels: a low transaction fee provide agents with incentives to search less intensively in the decentralized market. In the following, we assess whether this “substitution” effect can be so strong that adding a private intermediary in an existing search market has a negative impact on welfare. The analysis is performed under Assumption 1. Besides, in order to make things more stringent, we assume that, if a private monopoly matchmaker enters the market, then, agents holds optimistic expectations about each other participation decisions.. First, if there is no intermediary, agents make high search efforts and the total surplus is given by: S ∅ = µ(X ∅ ) −



X



C(x∅i ).



i=B,S



Second, if there is an intermediary which faces optimistic agents, the total surplus is given by: S(tm ) = λ + (1 − λ)µ(X ∗ (tm )) −



X



C(x∗i (tm )),



i∈{B,S}



where tm = arg maxt S(t)−



P



i=B,S



Videv (t) (see section 4). Under Assumption 1, cumbersome



algebra yield: S ∅ − S(tm ) =



λ (2 − λ − 2c(1 − 2vB vS )) . 2c(1 − 2vB vS ) 29



Therefore, a private monopoly matchmaker has a negative impact on total surplus if: 1 − 2vB vS 



1−λ . 2c



(13)



Equation (13) shows that, when λ and c are small, a monopoly matchmaker is likely to have a negative impact on total surplus. Intuitively, when λ and c are small, the intermediary provides agents with incentives to switch from an efficient search technology to an inefficient matching technology, therefore lowering the total surplus. The impact of the product vB vS is less intuitive. Notice first that, in some sense, the product vB vS is a measure of inequality: it is maximal when vB = vS , and minimal if one agent gets the whole surplus from trade. Notice also that the agent who obtains the higher share of the trade surplus chooses a higher search intensities. Hence, since the search technology has decreasing returns to scale (function C(.) is convex), if the sharing of the trade surplus is unequal, the aggregate cost of search is high. Then, in particular, when vB vS is low, S ∅ is small. On the other hand, agents make little efforts under monopoly, so that the aggregate cost of search is small. In the end, if the sharing rule is unequal, a monopoly matchmaker is likely to have a positive impact on total surplus. 6.2.1



Regulation issues



Price regulation. As pointed out above, an increase in the transaction fee has an ambiguous effect on total surplus. For instance, starting from a situation where the transaction fee is very low, a small increase in the transaction fee is likely to have a positive effect on total surplus, since it would provide agents with incentives to search more intensively in the decentralized market. In this case, an approach that would consider that intermediation services and decentralized search are two different markets would conclude that an increase in the transaction fee has a neutral effect on total surplus and is harmful for users. It is also worth noticing that high transaction fees are not necessarily a sign of market power. Indeed, we have shown that, when it faces optimistic users, a monopoly intermediary has strong incentives to set low transaction fees (see Proposition 4), while, under competition, the “dominant” intermediary is likely to set higher transaction fees (see Proposition 8).



30



Exclusive dealing. In the housing market, real estate brokers often proposes exclusive contracts to owners willing to sell their houses. These contracts stipulate that an owner cannot sell his house through another agency or on his own. Our model suggests that this type of exclusive contracts may have a strong adverse effect on search intensities and, therefore, on total surplus. Indeed, if most users on one side of the market sign exclusive contracts with intermediaries, then, users on the other side should anticipate that they have little chance to find a trading partner through the decentralized market. In the extreme case where all users on one side sign an exclusive contract, users on the other side would no longer search in the decentralized market. 6.2.2



Implications in labor economy



Exempting workers from payment. In the labor market, it is usually recommended that job seekers should be exempted from payment for intermediation service.22 Here, we investigate the impact of such an exemption on total surplus. Consider a situation where a private monopoly offers intermediation service and where one agent is exempted from payment, say, seller S (the “worker”). Although the intermediary cannot charge seller S, it can still capture some of his surplus through the transaction fee. Indeed, since the allocation of the transaction fee is assumed to be neutral, the identity of the agent who in fine pays the transaction fee is irrelevant. Suppose first that agents are optimistic. When the intermediary can charge both agents for registration, we have seen that the transaction fee is negative, which has a strong negative impact on total surplus. Yet, when seller S is exempted from payment, as pointed out above, the intermediary has incentives to charge a positive transaction fee in order to capture some of seller S’s surplus. Therefore, when agents are optimistic, exempting one agent from payment may have a positive impact on total surplus since agents will search more intensively through the decentralized market. Suppose now that agents are pessimistic. Then, the intermediary has to subsidize one agent, namely, the agent who benefits less from trade. Assume that the intermediary would 22



The International Labor Organization recommends that “private employment agencies shall not charge directly or indirectly, in whole or in part, any fees or costs to workers” (Article 7, Convention 181).
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have chosen to subsidize the seller if it could have made pay both users. Then in this case, exempting seller S from payment is neutral since, in any case, the intermediary would have offered him free registration. In other words, if the agent who is exempted from payment is also the one who benefits less from trade, then, exempting him from payment is likely to have no impact on total surplus. Effectiveness of intermediaries. An interesting question in labor economy is to estimate the effectiveness of the Public Employment Service.23 We argue in this section that, when dealing with this estimation problem, the econometrician must be careful with respect to the theoretical he has in mind. More precisely, we think that there are two things to bear in mind: first, workers use simultaneously both formal (employment agencies) and informal (network) search methods; second, the “effectiveness” of an intermediary depends on agents’ participation decision on each side of the market.24 In the following, we show that an estimation method that do not account for these two concerns may lead to overestimate or underestimate the effectiveness of an intermediary. Suppose that we observe the unemployment spells of a population of workers and that, given this information, we would like to find an estimator of the effectiveness of an employment agency. We first need a theory that links unemployment spells to the agency’s efficiency. Consider the following simple model. There are two populations of agents: employers and unemployed workers. The two populations have the same size, normalized to one. Assume that, for a given agent, there exists a unique partner with whom matching is valuable. There are two matching channels: an employment agency and a decentralized market characterized by parameters λ and µ respectively. In any time interval of length dt, a potential pair is successfully identified with probability λdt in the agency and µdt in the decentralized market. Put differently, in both matching channels, matching opportunities arrive according to a Poisson with parameter λ or µ. Parameters λ and µ measure the effectiveness of matching channels. Last, assume that all workers use both matching channels. 23



See for instance Gregg and Wadsworth (1996), Addison and Portugal (2002) and Foug`ere, Pradel, and Roger (2005). 24 To the best of our knowledge, there is no paper assessing the effectiveness of employment agencies which takes into account employers’ participation decision.
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A “naive” estimator. We would like to estimate λ. Suppose first that the model we have in mind does not take into account that workers search through the decentralized market and that some employers may not join the intermediary. Let Tλ denote the first date at which a worker receives an offer. Assume that workers always accept the first offer they receive, so that Tλ corresponds to workers’ unemployment spell. The random variable Tλ is distributed according to an exponentional distribution of parameter λ. Therefore, the mean of Tλ is given by 1/λ and an estimator of λ is θ = 1/T¯λ , where T¯λ denotes the empirical mean of workers’ unemployment spell. Let us point several biases of this estimator. Overestimation of λ. Suppose now that the model we have in mind accounts for the decentralized market. Let Tµ denote the first date at which a worker receives an offer through the decentralized market. In this model, we observe Tλµ = min{Tλ , Tµ }. The random variable Tλµ is distributed according to an exponential distribution of parameter λ + µ. Therefore, θ = 1/T¯λµ is an estimator of λ + µ. The “naive” method thus tends to overestimate the agency’s efficiency. Notice also that, in this model, if we only observe workers who join the agency, then, it is not possible to identify λ. To alleviate this problem, we also need to observe unemployment spells of workers who either search only in the decentralized market or only through the agency. In this case, we could estimate simultaneously µ (or λ) and λ + µ. Underestimation of λ. Suppose now that the model we have in mind accounts for employers’ participation decision. For instance, assume that only half of the employers join the intermediary. For the sake of simplicity, assume also that agents cannot meet through the decentralized market. Then, the probability that a worker receives an offer in each interval of time dt is 1/2λdt. Workers’ unemployment spells are thus distributed according to an exponential distribution of parameter λ/2. Therefore, θ = 1/T¯λ is an estimator of λ/2. In other words, in this case, the “naive” method tends to underestimate the agency’s efficiency.
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A



Appendix



A.1



Proof of Lemma 1



Proof. If N = (I, I), then agent i’s expected utility is given by: Vi (P, X, N ) = µ(X) (1 − λ(1 − (1 − β)t)) vi + λvi (1 − t) − C(xi ) − pi . Since (X, N ) is an equilibrium, then, in particular, X must be such that:  xi = arg max µ(x, xx−i ) (1 − λ(1 − (1 − β)t)) vi + λvi (1 − t) − C(xi ) − pi , for all i ∈ {B, S}. x



1 Notice that the coefficient after µ(X) is non-positive if t ≤ t = − 1−λ . Therefore, if t ≤ t, λ 1−β



Vi (P, X, N ) is decreasing in each agent’s search intensity, so that xi must be null.



A.2



Proof of Lemma 2



Proof. The cross derivative of Vˆi (t, X) w.r.t to xi and t is given by: ∂ 2 Vˆi ∂µ (t, X) = (xi , x−i )λ(1 − β)vi ≥ 0. ∂xi ∂t ∂xi Therefore, {(B, S), [0, x¯]2 , (Vi (P, X, (I, I)))i=B,S } is a supermodular game indexed by t. Since, by assumption, X ∗ (t) is the unique equilibrium of this game, then, in particular, it is also its greatest equilibrium. Hence, X ∗ (t) is increasing in t. A similar argument shows that function β 7→ X ∗ (t) is increasing in β and function λ 7→ X ∗ (t) is decreasing in λ if t ≤



A.3



1 . 1−β



Proof of Proposition 4



Proof. For a given transaction fee, matchmaker I’s profits are given by: X



Π(t) = S(t) −



i=B,S
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Videv (t).



The derivative of function S(.) w.r.t t is given by:  X ∂x∗ (t)  ∂µ ∗ i 0 ∗ S (t) = (1 − λ) (X (t)) − C (xi (t)) . ∂t ∂x i i=B,S 0



(14)



Then, notice that, by equation (7), we have: C 0 (x∗i (t)) =



∂µ ∗ (X (t)) (1 − λ(1 − (1 − β)t)) vi . ∂xi



Plugging this expression into equation (14), we obtain: S 0 (t) =



X ∂x∗ (t) ∂µ i (X ∗ (t)) ((1 − λ)(1 − vi ) − λ(1 − β)tvi ) . ∂t ∂x i i=B,S



(15)



By the envelop theorem, the derivative of function Videv (.) w.r.t. t is given by:  ∂x∗−i (t) ∂µ dev ∂ Videv (t) = (x (t), x∗−i (t))vi . ∂t ∂t ∂x−i i



(16)



Equations (15) and (16) together then yield:  X ∂x∗ (t)  ∂µ ∂µ ∗ dev ∗ i Π (t) = − (x (t), x−i (t))(1 − vi ) − (X (t)) ((1 − λ)(1 − vi ) − λ(1 − β)tvi ) . ∂t ∂xi i ∂xi 0



i=B,S



(17) ∗ Notice that, since xdev i (t) ≥ xi (t) and



∂2µ ∂xi ∂xj



≥ 0, we have:



∂µ ∗ ∂µ ∗ (xi (t), xdev (X (t)). −i (t)) ≥ ∂xi ∂xi Straightforward calculations then show that a lower bound for the term in brackets in equation (17) is given by: ∂µ ∗ (X (t))λ {1 − vi + (1 − β)tvi } , ∂xi which is, in particular, positive if t is positive. Therefore, equation (17) shows that Π0 (t) is negative if t is positive. Threfore, function Π(.) is decreasing in t on the interval [0, 1] and its maximum must be below 0. Notice now that, by Lemma 1, function X ∗ (.) is null on the interval (−∞, t]. Therefore, 35



function Π(.) is increasing in t on the interval (−∞, t]. The maximum of Π(.) is thus necessary above t.



A.4



Proof of Lemma 4



Proof. When agents are pessimistic, they both register with matchmaker I if and only if E(P ) = {(X ∗ (t), (I, I))}. Therefore, by Lemma 3, we have to find conditions on P such that: first, (X ∗ (t), (I, I)) is an equilibrium and, second, (X ∅ , (∅, ∅)), (X ∅ , (∅, I)) and (X ∅ , (∅, I)) are not equilibria. We already now that (X ∅ , (∅, ∅)), (X ∅ , (∅, I)) and (X ∅ , (∅, I)) are not equilibria if there exists i ∈ {B, S} such that pi ≤ min {0, ri (t)} , pj ≤ rj (t). Therefore, we have to prove that these conditions imply that (X ∗ (t), (I, I)) is an equilibrium. Notice that, (X ∗ (t), (I, I)) is an equilibrium if: pi ≤ Vˆi (t, X ∗ (t)) − Videv (t), for all i ∈ {B, S}.



(18)



Hence, in order to conclude the proof, we have to prove that, for all t and j, ∆(t) = [Vˆj (t, X ∗ (t)) − Vjdev (t)] − rj (t) is nonnegative. Notice first that, if t = 1/(1 − β), then, for all k = B, S, x∗k (t) = x∅k and x˜k (t) = x∅k . Then, in particular, ∆(1/(1 − β)) = 0. Let us now prove that function ∆(.) is decreasing in t. Thereafter, let x˜j (t) = arg maxx Vˆj (t, x, x∅i ) − Vj∅ . Simple algebra yield: ∂ Vˆi (t,X ∗ (t)) ∂t ∂Videv (t) ∂t ∂rj (t) ∂t



= =



∂x∗j (t) ∂µ (X ∗ (t))(1 − λ(1 − ∂t ∂xj ∂x∗j (t) ∂µ ∗ (xdev i (t), xj (t))vi , ∂t ∂xj



(1 − β)t))vi − λ(1 − (1 − β)µ(X ∗ (t)))vi ,



= −λ(1 − (1 − β)µ(˜ xj (t), x∅i ))vj .
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Collecting and rearranging terms, we then obtain: ∂x∗i (t) ∂t



∆0 (t) = −



n



∂µ (X ∗ (t)) ∂xi



−



∂x∗i (t) ∂µ (X ∗ (t))λ(1 ∂t ∂xi



o



∂µ ∗ (xdev j (t), xi (t)) ∂xi



vj



− (1 − β)t)vj



(19)



 − λ(1 − β)vj µ(˜ xj (t), x∅i ) − µ(X ∗ (t)) . The second term in the r.h.m. of equation (19) is nonpositive. Then, notice that x˜j (t) ≥ x∗j (t) since x∅i ≥ x∗i (t), search efforts are strategic complements and x˜j (t) = arg maxx Vˆj (t, x, x∅i ), while x∗j (t) = arg maxx Vˆj (t, x, x∗i (t)). Hence, in particular, the third term in the r.h.m. of equation (19) is also nonpositive. Last, since search efforts are strategic complements, we have: ∂µ dev ∂µ ∗ (xj (t), x∗i (t)) ≥ (X (t)). ∂xi ∂xi Therefore, the first term in the r.h.m. of equation (19) is nonpositive. Function ∆(.) is thus nonnegative. Finally, notice that



∂rj (t) ∂t



= −λ(1 − (1 − β)µ(˜ xj (t), x∅i ))vj , which prove that function rj (.)



is decreasing in t. Notice also that rj (1/(1 − β)) = −λvj β/(1 − β) < 0. Hence, since function rj (.) is decreasing in t and continuous, it is negative if t is sufficiently high. This concludes the proof.



A.5



Proof of Proposition 5



Proof. When it divides agent i, matchmaker I’s profits are given by Π(i,j) (t). Let t ≤ 0. Assume first that ri (t) is positive in the neighborhood of t, so that Π(i,j) (t) = rj (t) + πλ (t). The derivative of Π(i,j) (.) is then given by: Π0(i,j) (t) = −λ(1 − (1 − β)µ(˜ xj (t), x∅i ))vj + λ(1 − (1 − β)µ(X ∗ (t))) − λ(1 − β)



dµ(X ∗ (t)) t. dt



where x˜j (t) = arg maxx Vˆj (t, x, x∅i ) − Vj∅ . Rearranging terms, we obtain:  dµ(X ∗ (t)) Π0(i,j) (t) = λ µ(˜ xj (t), x∅i ) − µ(X ∗ (t)) vj +λ(1−(1−β)µ(X ∗ (t)))vi −λ(1−β) t. (20) dt 37



Since x˜j (t) > x∗j (t) and x∅i > x∗i (t), the first term in the r.h.m. of equation (20) is positive. Then, it is immediate that Π0(i,j) (t) is positive. Similar calculations show that Π0(i,j) (t) is positive if ri (t) is negative in the neighborhood of t. Therefore, Π(i,j) (.) is increasing on the interval [t, 0], so that its maximum must be above 0.



A.6



Proof of Proposition 6



Proof. Tedious but straightforward calculations yield: ri (t) =



λ vi (1 − t) (2(c − 1) + λvi (1 − t)) , 2c



so that ri (t) is nonnegative for all t. Hence, when it divides agent i, matchmaker I’s profits are given by rj (t) + πλ (t) by equation (11). Cumbersome algebra then yield: rj (t) − ri (t) = (vj − vi )(1 − t)



λ(2(c − 1) + λ(1 − t)) . 2c



Therefore, for a given t, matchmaker I always chooses to divide agent i if vi ≤ vj . Matchmaker I thus sets t to maximize rj (t) + πλ (t). Tedious but straightforward calculations then yield: rj (t) + πλ (t) =



λ  vj (2(c − 1) + λvj ) + 2tvi (c − 1 + λ(1 + vj )) − λt2 (2 − vj2 ) . 2c



This function is concave and polynomial in t. Its maximum is given by the first order condition: 2vi (c − 1 + λ(1 + vj )) − 2λt(2 − vj2 ) = 0, which immediately yields the announced result. Let t0 denote the unique solution of this equation. Simple algebra then yield: ∂t0 ∂vi



=



∂t0 ∂λ



=



∂t0 ∂c



=



(c−1)(1+vi2 )+2λ(1−vi ) ≥ λ(1+vi (2−vi ))2 (c−1)vi ≤0 − λ2 (1+v i (2−vi )) vi λ(1+vi (2−vi ))
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≥ 0.



0,



Therefore, t0 is increasing in vi and c and decreasing in λ.



A.7



Proof of Proposition 7



Proof. Tedious but straightforward calculations yield: ri (t, β) = πλ (t, β) =



λ v 2c i λt c



{2c(1 − t) − (1 − (1 − β)t)(2 − λvi (1 − (1 − β)t))} ,



{c − (1 − β)(1 − λ(1 − (1 − β)t))} .



Hence, we have: ∂ri (t,1) ∂β ∂πλ (t,1) ∂β



= − λtc vi (1 − λvi ), =



λt (1 c



− λ).



Therefore, in the neighborhood of (t, 1), matchmaker I’s profits are given by:   λvj (1 − t) − r˜j + (1 − β) λt {vj (1 − λvj ) − (1 − λ)} + λt + o(β) if t < t˜i (β), c o nP Π(i,j) (t, β) =  λ − r˜j − r˜i + (1 − β) λt ˜ k=B,S vk (1 − λvk ) − (1 − λ) + o(β) if t ≥ ti (β), c (21) where t˜i (β) is such that ri (t˜i (β), β) = 0. By continuity, t˜i (β) ' t˜i when β is close to one. P Then, since k=B,S vk (1 − λvk ) − (1 − λ) = λ(1 − vi2 − vj2 ) ≥ 0, equation (21) shows that function Π(i,j) (., β) is strictly increasing in t when β is close to 1. Therefore, matchmaker I charges the maximal transaction fee. Last, simple algebra yield: λ − r˜B − r˜S =



λ {2(c − 1) + λ(1 − 2vB vS )} > 0. 2c



This concludes the proof.



A.8



Proof of Proposition 8



Proof. Denote by πi (t) = Vˆi (t, X ∗ (t)) − Videv (t). Define the pair (k, T ) by: (k, T ) = arg



max i∈{B,S},t≤1
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πi (t) + πλ (t).



Let ε denotes some positive but small real number. Assume that: tI = T , pIk = πk (T ) and pI−k = −πk (T ) − πλ (T ) + ε. Hence, if both agents registers with matchmaker I, then, ΠI = ε > 0. Assume also that P E = P I . Consider the following market allocation N (.): • For the equilibrium prices P , agents are pessimistic w.r.t. E: for all i ∈ {B, S}, ni (P ) = I; • After any deviation by matchmaker l ∈ {I, E}, whenever possible, agents coordinate on an equilibrium with zero market share for matchmaker l. Let us prove that (P, N (.)) is an equilibrium. In the candidate equilibrium, matchmaker E makes zero profit. Let us show that matchmaker E has no profitable deviation. Since agents hold pessimistic beliefs against matchmaker E, they both register with matchmaker E only if (X ∗ (tE ), (E, E)) is the unique subgame equilibrium. This arises if four sets of conditions are satisfied. 1. (X ∗ (tE ), (E, E)) is an equilibrium. This is the case if:  dev E dev E I Vˆi (tE , X ∗ (tE )) − pE > max V (t ), V (t ) − p i i i i , for all i ∈ {B, S}. Put differently, (X ∗ (tE ), (E, E)) is an equilibrium if:  I E pE i < πi (t ) + inf 0, pi , for all i ∈ {B, S}.



(22)



2. (X ∗ (tI ), (I, I)) is not an equilibrium. This arises if there exists i ∈ {B, S} such that: I ˆ I ∗ I Videv (tI ) − pE i > Vi (t , X (t )) − pi .



Put differently, (X ∗ (tI ), (I, I)) is not an equilibrium if: I I ∃i ∈ {B, S} such that pE i < pi − πi (t ).



(23)



3. There exists no equilibria such that ni = E and nj = ∅. By Lemma 4, this arises
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if: E pE i < ri (t ), for all i ∈ {B, S}.



(24)



4. There exists no equilibria such that ni = E and nj = I. By the same argument than in Lemma 4, this arises if: E I pE i < pi + ri (t ), for all i ∈ {B, S}.



(25)



Conditions (22), (23), (24) and (25) shows that, for a given tE , an upper bound for matchmaker E’s profits if it chooses to divide agent i is given by:  I  E I I E I E E E ΠE (i,j) (t ) < inf pi − πi (t ), inf{0, pi } + ri (t ) + inf{0, pj } + inf rj (t ), πj (t ) + πλ (t ). (26) Then, notice that, for all t, rj (t) < πj (t) (see the proof of Lemma 4) and that:  inf pIi − πi (tI ), inf{0, pIi } + ri (tE ) ≤ pIi − πi (tI ). Hence, equation (26) rewrites: E I I I E E ΠE (i,j) (t ) < pi − πi (t ) + inf{0, pj } + rj (t ) + πλ (t ).



(27)



If i = k, equation (27) rewrites: E E E ΠE (k,−k) (t ) < −πk (T ) − πλ (T ) + ε + r−k (t ) + πλ (t ),



while, if i = −k, it is given by: E E E ΠE (−k,k) (t ) < −πk (T ) − πλ (T ) + ε + rk (t ) + πλ (t ).



Therefore, if it deviates, an upped bound for matchmaker E’s profits is given by: ΠE < max {ri (t) + πλ (t)} + ε − [πk (T ) + πλ (T )] . i,t
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(28)



Now, notice that: πk (T ) + πλ (T ) = max {πi (t) + πλ (t)} > max {ri (t) + πλ (t)} , i,t



i,t



(29)



because, for all t, rj (t) < πj (t). Therefore, if ε ≤ maxi,t {πi (t) + πλ (t)}−maxi,t {ri (t) + πλ (t)}, equations (28) and (29) show that matchmaker E makes negative profits if it deviates. This conclude the proof.



A.9



Proof of Proposition 9



Proof. For given prices P , buyer B’s and seller S’s expected utilities if they leave matchmaker I are given by: VBdev (t) = maxxB µ(xB , x∗S (t))uB (p(0)) − C(xB ), VBdev (t) = maxxS µ(x∗B (t), xS )π(p(0)) − C(xS ). dev dev ∗ Define xdev B (t) and xS (t) as in section 4. Notice that, for all i ∈ {B, S}, xi (t) ≥ xi (t).



Thereafter, let vB (t) = uB (p(t)) and vS (t) = π(p(t)). Matchmaker I sets subscription fees so that agents are just willing to participate. Therefore, its profits can be written as a function of t. Straightforward calculations yield: Π(t) = µ(X ∗ (t))(w(0)−λw(t))+λw(t)−



X



C(x∗i (t))−



i=B,S



X



Videv (t)+λ(1−µ(X ∗ (t)))d(p(t))t,



i=B,S



where, for all t, w(t) = π(p(t)) + uB (p(t)). Then, the derivative of Π(.) w.r.t. t is given by: Π0 (t) =



∂x∗i (t) ∂µ(X ∗ (t)) (X ∗ (t)) ∂t {(w(0) − w(t)) ∂xi P ∂x∗−i (t) ∂µ dev ∗ i=B,S ∂x−i (xi (t), x−i (t)) ∂t vi (0)



P



i=B,S



−



− (vi (0) − vi (t)) − λtd(p(t))}



+ λ(1 − µ(X ∗ (t))) {w0 (t) + d(p(t)) + tp0 (t)d0 (p(t))} . Then, notice that w0 (t) = −d(p(t)) − p0 (t)d(p(t)). Therefore, after some manipulations, we
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obtain: ∂x∗−i (t) i=B,S ∂t



0



Π (t) = −











∂µ(X ∗ (t)) ∗ (X ∗ (t)) − ∂x∂µ−i (xdev i (t), x−i (t)) ∂x−i P ∂x∗ (t) ∂µ(X ∗ (t)) λ(vi (t) + td(p(t))) (X ∗ (t)) −i i=B,S ∂x−i ∂t



P



vi (0) (30)



+ λ(1 − µ(X ∗ (t)))p0 (t)(td0 (p(t)) − d(p(t))). Then, notice first that the first term in the r.h.m. of equation (30) is negative since xdev i (t) ≥ x∗i (t) and ∂ 2 µ/∂xi ∂x−i (.) ≥ 0. Second, if t ≥ 0, it is immediate that the second and third terms in the r.h.m. of equation (30) are negative. Therefore, if t ≥ 0, then Π0 (t): function Π(.) is decreasing in t on the interval [0, 1]. Its maximal must therefore be below 0. This concludes the proof.
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