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RAND Journal of Economics Vol. 19, No. 2, Summer 1988



"Mix and match":productcompatibility without network externalities Carmen Matutes * and Pierre Regibeau * *



In industries where consumers can assemble their own systems, firms must decide whether to make their components compatible with those of their rivals. We examine a two-stage game in which twofully integratedfirms make their compatibility decisions beforecompeting in prices. The symmetric perfect Nash equilibrium of this game is shown to involve full compatibility. Although compatibility leads to higher prices than incompatibility, it also increases the variety of systems available so that some consumers are better off with compatibility, while others are hurt. If standardization is costless, compatibility increases social surplus, but may decrease consumer surplus.



1. Introduction * Many multiproduct firms sell systems-lines of products where each good cannot, or usually is not, used separately but might still be purchased separately. Examples are photography, where the typical product line includes cameras, lenses, film and film processing services,and computers, where a system involves softwareand severalhardwarecomponents. In some industries every component of a system produced by a firm can be used with every component manufactured by any other firm. This is the case for the home stereo industry where, for example, a Sanyo tape deck can be combined with a Pioneer receiver and Kenwood speakers. Such industries will be referredto as fully compatible. In other instances the systems produced by different firms are not compatible at all. A leading example is the home video industry,where VHS video recorderscannot play cassettes recorded using the Beta format.'



*



INSEAD, Fontainebleau. MassachusettsInstitute of Technology. We would like to thank P. Bolton, J. Farrell, D. Fudenberg, R.J. Gilbert, K. Rockett, G. Saloner, X. Vives, and two anonymous referees for their helpful comments. P. Regibeau gratefully acknowledges support from the Sloan Foundation's doctoral dissertation program. ' An industrycan also be partiallycompatible.This was the case in the razorindustrywhen some manufacturers' blades could be used in their rivals' razors while their own razors were not compatible with their rivals' blades. For an analysis of this case, see Matutes and Regibeau (1987). **
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To the extent that compatibility, or the absence thereof, results from conscious decisions by manufacturers, the firms' incentives to produce compatible products and the social optimality of such incentives must be examined. In the by now standard framework first explored by Katz and Shapiro (1985) and Farrell and Saloner (1985), a system of compatible components is treated as a single good characterizedby positive consumption externalities.Such network externalitiesarise because the utility a consumer obtains from a system increases with the number of others using compatible products. This is so since, for example, the larger is the network of compatible goods, the better are the possibilities of exchange, the quality of after-sale services, and the information available. With network externalities the firms' incentives to produce compatible systems and the social optimality of these private incentives have been shown to depend on the firms' relative size and on how compatibility can be enforced. If compatibility can only be achieved with the agreement of all firms (adoption of a common



standard),2 privately profitable



industrywide standards are socially desirable, but some socially desirable standardization will be rejected. If, on the other hand, standardization can be enforced unilaterally (by building an adaptor) and firms differ greatly in sizes, private incentives to standardize may be excessive. These welfare results are criticized by Farrell and Saloner (1986a), who argue that standardization has an additional social cost since it reduces product variety. They show that if the tradeoffbetween network externalitiesand product variety is explicitly considered, the firms' incentives to produce compatible products can be socially excessive. Although Katz and Shapiro (1985) and Farrell and Saloner (1985) recognize that issues of standardization mostly arise in industries producing systems, they model the firms as selling a single good. This implicitly assumes either that every firm sells every component of a system, a single good, or that firms each sell one similar component (e.g., software) to consumers who have already bought the rest of the system (e.g., the personal computer). The purpose of this article is to show that additional insights about these issues can be gained by explicitly modelling a system as a set of components instead of treating it as a single good. We consider industries where each firm sells every component of a complete system, but where it may be possible to use a system that combines components produced by different manufacturers. We show that, contraryto Farrelland Saloner's(1986a) argument,product compatibility might indeed increase the range of consumers' choices. If compatibility prevails, consumers can assemble their own systems by buying components from different firms. If, on the other hand, the components manufactured by different firms are not compatible, buyers can purchase a full system only from a single supplier. The number of different systems available to consumers is thus greater when firms produce compatible components. It follows that compatibility enables some consumers to obtain a system whose features are closer to their ideal. We also show that, even in the absence of network externalities, there are incentives for firms to produce compatible systems. Indeed, in a game where firms decide whether to make their system compatible before competing in prices, we show that compatibility is the unique outcome of symmetric perfect Nash equilibria, whenever standardization can be enforced unilaterally. This is the result of two effects. First, compatibility enables consumers to build a system that is closer to their ideal. This shifts the industry demand curve upwards and makes the market more profitable.Second, compatibility weakens each firm's incentives to cut prices. When firms sell incompatible components, a decrease in one firm's price



2 See Farrell and Saloner (1988) for an analysis of the choice of a common standard by voluntary standard committees.
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increases its sales at the expense of its rivals. With compatibility, however, cutting the price of one good will increase the sales of all systems using that component, including systems that involve components produced by other firms. Since some of the benefits of the price cut will be appropriatedby other firms, each firm will behave less aggressively than in the case of incompatibility. Finally, we show that a move to compatibility unambiguously decreases the welfare of some consumers, while it makes other consumers better off. We show that consumer surplus and social surplus(gross of standardizationcosts) are generallyhigherwhen full compatibility prevails. If standardization costs are introduced, however, compatibility can arise as the equilibrium outcome of the game, even though it is socially inferior to incompatibility. We present the basic model in Section 2. The symmetric equilibrium prices and profits under compatibility and incompatibility are determined in Section 3. Section 4 presents the equilibria of the game, and Section 5 examines the welfare implications of compatibility. We examine the robustness of our analysis in Section 6, and briefly summarize the results, discuss their applicability, and suggest a few areas for future research in Section 7.



2. The model * Both firms produce the two components of a system and maximize their own profits. Each component is produced at constant marginal cost, and there are no economies of scope. Without loss of generality,the marginalcosts are all set equal to zero. If the components sold by the two firms are not compatible, only two systems are available for consumers to purchase: firm A's system, XA, which combines XIA and X2Aand firm B's system, XBB. If the components are compatible, consumers have the additional options of XBAand XAB. We solve the following two-stage game for its symmetric perfect Nash equilibrium. In the firststage the firms simultaneously decide whether to make their components compatible with their rival's. In the second stage, the firms compete in prices while taking the other firm's prices as given-the firms behave as Bertrand competitors. We consider two situations. In the firstcase compatibility can be achieved unilaterallyit can be enforced by any one firm. This occurs whenever a firm can make its components compatible with its rival's by building an adaptor. The cost of building such an adaptor is aA. In the second case compatibility can only prevail if both firms agree to it. Such a situation can, for example, arise if each firm has a choice between a "common knowledge" technology accessible to both firms and a technology that is inaccessible to its rival or cannot profitably be used by him. In this setting compatibility can only be achieved if both firms choose the common-knowledge technology. The cost to a firm of adopting this common standard is defined as a,.



o Consumers. Consumers are uniformly distributed on the unit square (see Figure 1), where firm A is located at the origin, while firm B is located at the point of coordinates (1, 1) .3 A consumer located at a point of coordinates (g', g') has a preferredfirstcomponent that is go away from firm A's first component and a preferred second component that is g2 away from firm A's second component. Similarly, the distances between the consumer's preferredpoint and firm B's components are 1 - goand 1 - go. As a matter of convenience, we assume that every consumer purchases the two components in the fixed proportion of one unit of good 1 to each unit of good 2.4



I The location of the firm is exogenous. We discuss the significance of this assumption in the Conclusion. I Allowing for fixed proportions other than one-to-one does not change the nature of the results (Matutes



and Regibeau, 1987). Similarly, the qualitative results are preservedas long as the two components are sufficiently strong complements.
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FIGURE 1 LOCATION OF FIRMS AND CONSUMERS ON THE UNIT SQUARE FIRM B
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A consumer buying one unit of system Xij has a surplus of i,j=A,B, C-X(d1i+d2j)--P1i, where C is the reservation price common to all consumers, dij is the distance between the consumer's preferred specification of the ith component and the specification of the ith component sold by firmj, Pij is the price of the system Xij, and X > 0 measures the degree of horizontal product differentiation between the two firms' products. Each consumer buys one unit of her preferred system, provided that this leaves her with a nonnegative surplus. 3. Equilibrium



and profits



prices



* Figure 2 shows the division of the market between the systems available when the components of different firms are fully compatible and when firms sell incompatible components. There are several cases, depending on the level of the reservation price C relative to the product differentiation parameter X. The equilibrium values corresponding to these cases are presented in Table 1, where P* represents the equilibrium price of a system, HI* is the profit of each firm, CS* is the consumer surplus, and SS* stands for social surplus. Let us consider the case where the two firms sell incompatible components. We assume firstthat the whole market is served. A consumer located at (g1, g2) will purchase the system from firm A rather than from firm B if PA + X(g, + g2) ? PB + X(2 - g- g2), i.e., if she is located below the line g2 = [(PB - PA)/2X] + 1 - g1, where Pi represents the price of firm i's system. 5 For PA 2 PB the firms' profits are: IIA = (PA/2)[l =



1IB



PB[



-



+ (PB - PA)/2X]2 (1/2)(1



+ (PB



-



PA)/2X )2].



Maximizing profits with respect to PA and PB, respectively, and imposing symmetry in either of the first-orderconditions yield P" = X, and thus Hi = X/2. This is a valid solution as long as the whole market is indeed served at equilibrium prices, i.e., as long as C - P* - X 2 0, or C 2 2X. Consumer surplus is CS = 2



f



[C-



X(g, + g2)



-



P* Idg2dg, = C- 5X/3.



If C < 2X, the whole market is not served at the equilibrium prices just derived. There are two cases. For low reservation prices the firms will behave as local monopolists, with firm A serving all the consumers such that C - X(g1 + g2) - PA 2 0. Maximizing 5The sameresultsobtainif eachfirmsetsthe pricesof eachcomponentinsteadof the priceof its complete



system.
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FIGURE 2 EQUILIBRIUM MARKET CONFIGURATIONS B
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with respect to PA yields P" = C/3 and 11" = 2C3/(27X2). This is a valid solution if the firms' markets do not overlap at the equilibrium prices, i.e. if C - X - C13 < 0, or C < 3X/2. For 3X/2 < C < 2X, the firms engage in limit pricing in the sense that each firm sets its price so that its market just touches the other firm's market (i.e., consumer surplus is zero on the market boundary). This implies that PA = 2C - 2X - PB and so that PI = C- Xand H = ( C-X)/2. PB = 2C-2X-PA The derivation of the results for the case where firms sell compatible components is in the Appendix. The possible market configurations are as follows. For low reservation prices (i.e., C < 5/6X)the two firms are local monopolists in both the compatibilityand incompatibility equilibria,in the sense that the areas served by different systems do not touch. For higher reservation prices (i.e., 5/6X< C < 3/2X)the two firms are still local monopolists if they produce incompatible components, while there is some direct competition between systems if compatibility prevails. In both cases the market is not completely served. For intermediate reservation prices (i.e., 3/2X< C < 2X) the configuration of the compatibility equilibrium is unchanged. Firms producing incompatible systems share the whole market but do not compete directly (i.e., they limit price). For C greater than 2X the two firms are direct competitors under both regimes. With incompatibility the whole market is served,while some consumers choose not to buy any system in the compatibility equilibrium as long as C is smaller than 3X. From Table 1 one can easily see that for all values of C and X equilibrium prices and



profitsarehigherwhenfirmssell compatiblecomponentsthanwhenthey sell incompatible ones. This is the resultof two effiects.
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EquilibriumValues for the Case of Two Integrated Firms Compatibility



Incompatibility Local Monopolists



Local Monopolists 2C *2C 5



X



< C < 5/6A



3



C



18C 125X2



36C3



*2C3 ' 27X2



*C



I



18C3 l* = 125X2



= 125X2



* 8C3 Cs! = 81X2 Competitors: Partial Service



20C3 81X2



*



=S



56 Adjacent Markets



3/2A


C=2C-X+



3~~~~~~~~



3



CS, = 3



13/2X+



-



(6C - 23/x)2 + 32(2XC -



-



2=



I C X



*=A



'/[g6C



Xc-4P



]-2



SS = C-- 32X3



12 X



*-2-8 X



C Xp



withX = A (C-2P*)



-/2



SS* = 2ll* + CS* Direct Competitors



33 2A < C < 3A



x



II* -



2



SS



3A < C



P* = 2A



= CX 23X



AS, = 1



CS*= C-



Direct Competitors: Full Service



2



52X



SS*w=C--



D,-=2,2



First, compatibility



makes it possible for consumers to combine components



from



differentfirms,therebyincreasingthe numberof availablesystemsfrom two to four. This is shownin Figure2 whereconsumerscan choose betweensystemslocatedat each of the fourcornersinsteadof beinglimitedto the completesystemssoldby eachfirm.Thisimplies thatat any givenpricethe numberof consumersservedis at leastas largewithcompatibility as with incompatibility,



since some consumers who would not purchase both components



from any single firmh are willingto assembletheir own systemsby mixing the two firms' components.In other words,compatibilityshifts industrydemandupwards.When firms behaveas local monopolistsin bothequilibria(i.e., for low C), this variety-increasing effect exactlydoublesthe areaservedat anygivenprice.The strengthof thisdemandshiftdecreases as the reservationpriceincreases.The effiectdisappearsas soon as the wholemarketis served underboth compatibilityand incompatibility. Second,the firmshave fewerincentivesto cut priceswhen they producecompatible
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components than when incompatibility prevails. In the incompatibility equilibrium a decrease in the price of firm A's first component, for example, increases the demand for the firm's whole system. With compatibility, however, a similar price cut increases the sales of all systems using the component, i.e., firm A's complete system XAAand also system XAB, which includes firm B's second component. In other words, under incompatibility firm A captures the full benefits from its price cut, while with compatibility some of the benefits are obtained by its rival, so that firm A's incentives to decrease prices are weaker in a compatible industry. Figure 3 shows the areas captured by firm A for a given decrease in the price of its first component. The shaded areas show increases in the sales of this component, while the dotted areas represent increases in the sales of both of firm A's components. The effect of compatibility on the firm's price-cutting incentives is particularly clear when the whole market is served and systems compete directly with each other. Without compatibility, firm A increases its market share for both components to the detriment of firm B when it reduces the price of its first component. With compatibility firm A only increases its market share for the first component. In the case where each system enjoys a local monopoly, a similar price cut increases the demand for firm A's products more if components are compatible than if they are not. The equilibrium prices, however, will still be higher in the compatibility equilibrium because the increased demand is smaller relative to the area already served.6 FIGURE 3 EFFECT OF A DECREASE IN THE PRICE OF FIRM A's FIRST COMPONENT
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6 Define q(Pij) as the demand for Xij when systems enjoy a local monopoly. With consumers distributed over the square, q'(Pij) < 0. With incompatibility the first-order condition for firm A is:



q(2PI) + 2P~q'(2PJ) = 0 with PI



=



PIA = P2A. With compatibility



uniformly



(i)



the first-order condition for firm A is:



2q(2P*) + 3P*q'(2P*) = 0 (ii) withPF'= PIA= P2B.Comparing (i) and(ii) andassumingthatthesecond-order conditionsaresatisfiedeverywhere yield P* > P7.
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Although this difference in price-cutting incentive always leads to higher equilibrium prices with compatibility, its effect on the firms' equilibrium profits depends on the form of competition that prevails. The intuition is as follows. In our model each firm sells two complementary goods. If two such goods are sold by a monopolist, their prices will be lower than if each good were sold by a separate firm.7This is so since the multiproduct monopolist realizes that cutting the price of one of his components increases the demand for both. In other words, the multiproduct firm internalizes the complementarity between the two products, while two single-product firms do not. Consequently, under similar cost conditions the profits of the multiproduct firm are higher than the sum of the profits obtained by two firms, each selling a single good. We have just shown that firms internalize the complementarity effects more fully when their systems are incompatible than when compatibility prevails. When the two firms are local monopolists, it follows that prices are lower without compatibility. Moreover, the profits of an industry with compatible components are less than twice the profits of an industry with incompatible ones. This means that full internalization of complementarity effects does indeed increase profits when the firms do not compete directly. When firms are direct competitors, however, this analysis no longer holds. It is still true that owing to the greater internalization of complementarity, each firm will set lower prices under incompatibility for any given level of its rival's prices. As the firms' reaction functions are now increasing in their rival's prices, however, such behavior drives the equilibrium prices farther down and reduces profits. This becomes especially clear as soon as the whole market is served, since the increased price-cutting incentives drive the equilibrium prices down without increasing the size of the total market: the monopolists' blessing has turned into a curse for the full competitors. This analysis suggests that our results depend heavily on the assumption that each firm sells a full set of components. This is confirmed by a comparison of Table 1 with Table 2, where the two integratedfirms have been replacedby four independent single-goodproducers and where incompatibility refers to an industry were only two different systems can be assembled. With such an industry structure, there is no difference in the degree of internalization of complementarity between the compatibility and incompatibility equilibria, since the firms always ignore these effects. The only impact of standardization is to increase variety and to augment the market area served at any given prices. It follows that as long as it does not change the nature of competition (i.e., as long as local monopolies or full competition emerge in both subgames), the compatibility decision has no effect on equilibrium prices, so that the ratio between industry profits with and without compatibility goes from two to one as the reservation price increases. For intermediate values of the reservation price, however, the standardization decision affects the nature of competition in the last stage of the game, since direct competition between systems



7 Sufficient conditions for this to be true (with constant marginal cost, @, and symmetry) is that the marginal revenue of a single-product firm be everywhere decreasing in its own price and in the other good's price. Define MR, and MRj as the own- and cross-price derivatives of a single-product firm's marginal revenue and Dj as the cross-pricederivative of a good's demand function. With symmetry the first-ordercondition for a single product firm is just MR (P: )



,



(iii)



where P: is the equilibrium price when the two products are sold by separate firms, while the first-ordercondition for a two-product monopolist is MR(P* ) + P* Dj(P*) =,



(iv)



where P* is the equilibrium price of each good when they are both sold by the same firm. With MRi < 0, 2 P*. Therefore, P* > P:. See Brander and Eaton (1984) for a similar proof.



MR1 < 0, and Dj < 0, (iii) and (iv) cannot both be satisfied if P:
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EquilibriumValues for the Case of Four IndependentFirms
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arises more rapidly in a compatible industry. This explains why, even with four singleproduct firms, equilibrium prices can be higherwhen standardizationprevails.When systems compete with each other, a given price cut captures fewer new consumers than when each system enjoys a local monopoly, because some of the consumers to be captured can get a positive consumer surplus by switching to another system. It follows that for intermediate reservation prices (i.e., X < C < 3X), the firms' incentives to cut prices are lower, and thus equilibrium prices are higher where components are compatible.



4. Equilibria of the game * If the costs of standardization are prohibitively high (i.e., if aA and ac are larger than I* - 117), compatibility is never achieved. In the adaptor case compatibility arises as the unique equilibrium outcome if and only if II *-II t 2 aA. More precisely, there are two subgame-perfect Nash equilibria in pure strategies, one with firm A building the adaptor and one with firm B enforcing compatibility.8 In the consensus case both compatibility and incompatibility can arise as equilibrium outcomes even if standardization costs are lower. There are two subgame-perfect Nash equilibria in pure strategies, one where both firms adopt the common technology and one where they choose their own incompatible standard. Both firms are better off in the compatibility equilibrium.9 8



With aA = 0 there is a third equilibrium, where both firms build the adaptor.



9 Also, compatibility would be the outcome of the unique subgame-perfectNash equilibrium if the first stage



of the gamewereto be playedsequentially.
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5. Welfare * Compatibility has two opposing effects on consumers. On one hand, the prices charged by the firms increase with compatibility, but on the other, system variety is increased so that the average distance travelled by consumers decreases. All individuals are not affected equally by a move to compatibility. Consumers with a strong preference for one of the firms' full systems are made unambiguously worse off, since they buy the same system as with incompatibility but are chargeda higher price. The fortunes of consumers who, given the opportunity, would mix components sold by different firms are less clear. They get closer to their ideal specifications (by as much as X for an individual located at (0, 1)), but they must pay a higher price. As P* - Pt is always smaller than X, however, some of these consumers are always made better off by standardization. The effect of standardization on consumer surplus depends on the relative values of C X. and For low reservation prices consumer surplus is higher with compatibility than with incompatibility. As the reservation price increases, however, the difference in equilibrium prices tends to grow, while the variety-increasingeffect becomes weaker, so that consumer surplus is larger without compatibility for all C greater than 2.2X. In the absence of standardization costs, social surplus is always larger when firms sell compatible components, so that compatibility is always socially desirable. It will also always be achieved except in the consensus case when the firms happen to choose the (dominated) incompatibility equilibrium. With positive costs of standardization, however, the firms' incentives to standardize can be excessive or insufficient, irrespective of how compatibility can be achieved. In the consensus case compatibility prevails if and only if II H-II > ac, while it is - II t )]. Comparing the two socially desirable if and only if CS* - CSt > 2 [ c-(II conditions shows that, as long as compatibility increases consumer surplus, there exist standardization costs such that the firms decide to produce incompatible systems although standardization is socially optimal. Conversely, if consumer surplus is higher with incompatibility, there are values of ac for which the firms sell compatible components although incompatibility is socially preferable.'0 FIGURE 4 WELFARE CHARACTERISTICS OF THE EQUILIBRIUM aAA INCOMPATIBILITY
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In the adaptor case compatibility is achieved if and only if II * - 1 t < aA, while it is socially optimal if and only if (CS* - CSt + H* - Ho) > A - (HI* - 111o). Socially excessive standardization can only arise if compatibility significantly decreases consumer surplus, while there are values of aA for the firms' incentive to standardize that are socially insufficient even when consumer surplus is lower with compatibility." The values of cxAand C for which the firms' compatibility decisions are not socially optimal are shown in Figure 4 for the adaptor case (and X = 1).12



6. Robustness



and extensions13



* The ranking of prices and profits, the nature of the equilibria, and the welfare analysis remain valid if zero/one demands are replaced by linear demands at each point, i.e., if a consumer purchases X = C - D(d, + d2) - DP units of the system with the lowest total price di + d2 + P. An interestingdifferenceis that with linear demands the variety-increasing effect persists even when the whole market area is served, since compatibility decreases (di + d2) for some consumers and shifts their demand function upward.'4 The assumption that consumers are uniformly distributed on a square affects the results in two ways. First, it implies that there is no correlation between the consumers' preferences for the two components. If there were some systematic brand preference, the consumers would be distributed more densely along the Southwest-Northeast diagonal of the square, and the variety-increasingeffect of standardization would be weaker. This situation can be analyzed by cutting off the Northwest and Southeast corners of the square and concentrating the unit mass of consumers on the remaining area. It is easily shown that, although the quantitative differences are smaller, compatibility still leads to prices and profits that are at least as high as those prevailing with incompatibility. Only when all the consumers are located on the diagonal are the two equilibria equivalent. Second, when the whole market is served, the boundary between the consumers served by firm A and those served by firm B is longer with incompatibility than with compatibility, since the diagonal of the square is longer than its side. This biases the results in favor of standardization,since it makes the firms' incentive to decrease price relatively greaterwhen systems are incompatible than when compatibility prevails. Even if the length of the market boundarieswere the same, however, each firm would still have strongerincentives to decrease prices without compatibility, since a given price cut would increase demand for both of the firm's components. This can be verified by assuming that consumers are uniformly distributed on the circle inscribed in the square. With such a shape the market boundary will be of equal length in the symmetric compatibility and incompatibility equilibria. It can be shown that P* = XI, Pt = X1I(Vi/2), NC*= X112/2, and II* = XII2(V2/4) so that standardization still yields higher prices and profits than incompatibility.'5 While our results are preserved when the market boundary has the same length with or without compatibility, they could be reversed if the market boundary were considerably shorterwith incompatibility than with compatibility. Such a situation can occur if the firms differ in their marginal costs of production. The length of the relevant diagonal decreases as one firm appropriatesmore of the market, while the length of boundary remains unchanged with compatibility. For small differences in marginal costs both firms are better off with compatibility than with incompatibility. If one firm is much more efficient than the other,



"There is excessive standardization if aA is such that CS* - CS* + 2 [1 *- 1171 < aA < II - 11,, while there is excessive incompatibility whenever 11t - 11* < aA < CS* - CS + 2(11* - 11 ). 12 In the consensus case, SS* - SSt must be replaced by [SS* - SSt ]/2. 3 The derivations of the results presented in this section can be obtained from the authors. 4 See Matutes and Regibeau (1987) for a detailed analysis of this case. 5 To simplify the computations, these values were derived for a circle inscribed into a square of area 4.
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however, it will preferincompatibility,while its less efficientrival still favorsstandardization.16 In such a case compatibility only prevails if it can be enforced unilaterally by the less efficient firm. Finally, as pointed out by Tirole (1987), the firms only have an incentive to produce compatible components as long as they do not try to exclude their rival from the market. If a dominant firm were trying to prevent entry in the industry, it might well attempt to preserveincompatibility. Such a strategymight deter entry, since it reduces industry demand and makes the incumbent respond to entry with more aggressivepricing than if compatibility prevailed.



17



7. Conclusion * We have developed a stylized model where two firms produce two-component systems. The firms must decide whether to make their systems compatible with their rival's before competing in prices. The symmetric perfect Nash equilibrium of this two-stage game has been shown to depend on how compatibility can be achieved. If it can be enforced unilaterally (the adaptorcase), then product compatibility arises and is always socially optimal provided that there are no costs to achieving standardization. If compatibility requires a consensus, however, there are two equilibria in pure strategies, one involving standardization and the other leading to incompatibility. This, of course, does not mean that standardization will generally tend to prevail or that it is always desirable. Any cost incurred to achieve compatibility, such as additional research and development expenditures, will reduce the firms' incentives to produce compatible components and should be deducted from the social surplus before making any welfare judgement. It has indeed been shown that if the costs of standardization and the reservation prices are sufficiently high, the firms will tend to choose compatibility although an incompatible industry would be socially preferable. Similarly, for low reservation prices socially desirable compatibility might not obtain. Also, network externalities, which were omitted from our model, are certainly important in many industries and will, other things being held equal, increase the desirability of product standardization. Their impact on the firms' incentives to standardize, as analyzed by Katz and Shapiro (1985) should also be weighed against the incentives identified in this article before any conclusion is drawn. Finally, the adoption of a common standardby independent firms is an essentially dynamic process. This dimension, examined by Farrell and Saloner (1985, 1986b) and Katz and Shapiro (1986) cannot, of course, be captured in our purely static model. We have also argued that by increasing the number of systems available, product compatibility increases the range of consumers' choice, which seemingly contradicts Farrell and Saloner's claim that product standardization necessarily reduces product differentiation. But the two propositions refer to two different aspects of product diversity. On the one hand, product compatibility increases the number of systems from which consumers can choose. On the other hand, achieving compatibility might require that components be more similar in other respects. Thus, the compatibility that prevails in the home stereo industry increases the number of stereo systems that a consumer can assemble, but it might also have been achieved at the cost of reducing the variety of features displayed by, for example, the tape decks produced by different manufacturers. Moreover, even if there were no such



16 If firm A has zero marginal cost, both firms prefer compatibility as long as firm B's marginal cost is lower than 1.4X.If firm B's marginal cost is largerthan that, firm A prefersincompatibility. Firm B still favors standardization because, as P* < P* , it can appropriatea disproportionate share of the revenues from the sales of mixed systems. '7 If there is an entry fee, E, and II* > E > 11, incompatibility effectively deters entry. This is a profitable strategyif monopoly profits are higher than duopoly profits with compatibility.
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technical constraints, the degree of product differentiation between similar components might not be independent of whether they are compatible across manufacturers. An interesting extension of the analysis in this article would be to allow firms to choose both their location and their price. We hope to address this issue in a future article where, to avoid the familiar nonexistence problems, we shall assume that entry occurs sequentially and involves some sunk cost. The most significant contribution of this article might well be to underline the importance of explicitly modelling systems as combinations of components. Not only does such an approach reveal several effects that had been ignored in previous analyses of standardization, but it also is a necessary first step toward the analysis of more realistic market structures.Treating systems as single goods, or implicitly assuming either that every firm in the industry produces a full line of components or that firms sell a single component to consumers who have already bought the rest of the system, does not always fit observed industry patterns. Appendix * If the components sold by different firms are fully compatible, the equilibrium prices, profits, and consumer surplus are obtained as follows.
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Direct competitors with the whole market served. Firm A's profits can be written as:
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Maximizing HAwith respect to PIA, P2Aand using symmetry yield PI' = X and H * = X. The consumer surplus is given by: C



CS = 4



1/2



C1/2



lo Jo [-



2X - Xgl - Xg2]dg,dg2 .



References BRANDER, J.A. AND EATON, J. "Product Line Rivalry." American Economic Review, Vol. 74 (1984),



pp. 323-



334. Compatibility, and Innovation." RAND Journal of Economics, Vol. 16 (1985), pp. 70-83. . "Standardizationand Variety." Economic Letters, Vol. 20 (1986a), pp. 71-74. AND . "Installed Base and Compatibility: Innovation, Product Preannouncement, and Predation." AND American Economic Review, Vol. 76 (1986b), pp. 940-955. . "Coordination through Committees and Markets." RAND Journal of Economics, Vol. 19 AND (1988), pp. 235-252. KATZ, M. AND SHAPIRO,C. "Network Externalities, Competition, and Compatibility." American Economic Review, Vol. 75 June (1985), pp. 424-440. . "TechnologyAdoption in the Presenceof Network Externalities."Journal of Political Economy, AND Vol. 94 (1986), pp. 822-841. MATUTES, C. AND REGIBEAU, P. "Mix and Match: Product Compatibility without Network Externalities." Sloan Working Paper #1929-87, September 1987. TIROLE, J. The Theory of Industrial Organization. Cambridge: MIT Press, 1988. FARRELL, J. AND SALONER,G. "Standardization,



























[image: Network Externalities, Competition, and Compatibility]
Network Externalities, Competition, and Compatibility












[image: PDF Download Mix-and-Match Mama Simmers: Slow ...]
PDF Download Mix-and-Match Mama Simmers: Slow ...












[image: product marketing mix pdf]
product marketing mix pdf












[image: Product mix upgrades and market-share gains drive ...]
Product mix upgrades and market-share gains drive ...












[image: Product Mix and Firm Productivity Responses to Trade Competition]
Product Mix and Firm Productivity Responses to Trade Competition












[image: Product Mix and Firm Productivity Responses to Trade Competition]
Product Mix and Firm Productivity Responses to Trade Competition












[image: (>]
(>












[image: Market Size, Competition, and the Product Mix of ...]
Market Size, Competition, and the Product Mix of ...












[image: Market Size, Competition, and the Product Mix of ...]
Market Size, Competition, and the Product Mix of ...












[image: ecornell.com-The Hospitality Marketing Mix Product and Price.pdf ...]
ecornell.com-The Hospitality Marketing Mix Product and Price.pdf ...












[image: Network Cost-Sharing without Anonymity]
Network Cost-Sharing without Anonymity












[image: POWER QUALITY, ELECTROMAGNETIC COMPATIBILITY AND ...]
POWER QUALITY, ELECTROMAGNETIC COMPATIBILITY AND ...












[image: POWER QUALITY ELECTROMAGNETIC COMPATIBILITY AND ...]
POWER QUALITY ELECTROMAGNETIC COMPATIBILITY AND ...












[image: Chapter03 [Compatibility Mode]]
Chapter03 [Compatibility Mode]












[image: Nonesuch: a Mix Network with Sender Unobservability]
Nonesuch: a Mix Network with Sender Unobservability















"Mix and Match": Product Compatibility without Network ...






tography, where the typical product line includes cameras, lenses, film and ... With network externalities the firms' incentives to produce compatible systems and. 






 Download PDF 



















 345KB Sizes
 1 Downloads
 204 Views








 Report























Recommend Documents







[image: alt]





Network Externalities, Competition, and Compatibility 

American Economic Association is collaborating with JSTOR to digitize, preserve and extend access to The .... amine the private and social incentives for.














[image: alt]





PDF Download Mix-and-Match Mama Simmers: Slow ... 

... Your Family Will Love ,free ebooks for kindle Mix-and-Match Mama Simmers: ... Love ,ebook design Mix-and-Match Mama Simmers: Slow-Cooker Creations Your ... Family Will Love ,buy ereader books online Mix-and-Match Mama Simmers: .... Will Love ,top














[image: alt]





product marketing mix pdf 

Page 1 of 1. File: Product marketing mix pdf. Download now. Click here if your download doesn't start automatically. Page 1 of 1. product marketing mix pdf.














[image: alt]





Product mix upgrades and market-share gains drive ... 

Key company data: See page 2 for company data and detailed price/index chart. ..... contribute to research reports in which their names appear and publish research ... Benchmarks are as follows: United States: S&P 500; Europe: Dow Jones ...














[image: alt]





Product Mix and Firm Productivity Responses to Trade Competition 

Sections 5 and 6 take these predictions to the data and measure large responses in ...... â€œThe Quantitative Analytics of the Basic Neomonetarist Model.â€� Journal.














[image: alt]





Product Mix and Firm Productivity Responses to Trade Competition 

demand shocks and the productivity of multi-product firms exporting to those ...... accounting then implies that this normalized number of consumers Lc ...














[image: alt]





(> 

Mix & Match Your Way to 100 Amazing Combinations. BOOKS BY CAROLINE WRIGHT. An ebook is definitely an electronic edition of a conventional print ebook ...














[image: alt]





Market Size, Competition, and the Product Mix of ... 

entails an additional customization cost as it pulls a firm away from its core com- ...... The standard clustering procedure does not apply well here for two rea-.














[image: alt]





Market Size, Competition, and the Product Mix of ... 

products, and tougher competition in an export market induces exporters to ... Î³ indexes the degree of product differentiation between the varieties. In the limit.














[image: alt]





ecornell.com-The Hospitality Marketing Mix Product and Price.pdf ... 

Hospitality Marketing. Master Certificate in Hospitality Management: Focus on Hospitality Marketing and Financial Management. Master Certificate in Hospitality ...














[image: alt]





Network Cost-Sharing without Anonymity 

Jul 18, 2014 - resources (more bandwidth, longer duration, etc.). Suppose that the joint ... With anonymous cost functions, the natural cost shares proposed in [Anshelevich et al., 2008a] are the equal cost ..... We first review why every network cos














[image: alt]





POWER QUALITY, ELECTROMAGNETIC COMPATIBILITY AND ... 

Page 2 of 2. POWER QUALITY, ELECTROMAGNETIC COMPATIBILITY AND RELIABILITY.pdf. POWER QUALITY, ELECTROMAGNETIC COMPATIBILITY AND ...














[image: alt]





POWER QUALITY ELECTROMAGNETIC COMPATIBILITY AND ... 

POWER QUALITY ELECTROMAGNETIC COMPATIBILITY AND RELIABILITY.pdf. POWER QUALITY ELECTROMAGNETIC COMPATIBILITY AND RELIABILITY.














[image: alt]





Chapter03 [Compatibility Mode] 

Example: Able-Baker Call Center System. A discrete-event model has the following components: â–¡ System state: â–« The number of callers waiting to be served ...














[image: alt]





Nonesuch: a Mix Network with Sender Unobservability 

D.2.11 [Software]: Software Architectures, Information Hid- ing; C.2.1 [Computer ... sender-receiver unlinkability provided by other mix networks, while providing better .... a Usenet client to download all header information of new articles in a ...


























×
Report "Mix and Match": Product Compatibility without Network ...





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















