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1.



Introduction



The paper analyzes ﬁrms’ pricing behavior and their incentives to produce compatible products when the competition over their market shares is aﬀected by the availability of complementary products. Our analysis applies to complementary products such as VCRs and videotapes, computers and software, and cameras and accessories. Our approach is diﬀerent from the one taken by the network externalities literature, see for example Katz and Shapiro (1985), in the following way.1 Here, we do not assume that utility of consumers increases with the number of users of the same brand. Instead, we assume that consumers have preferences for commodities and the variety of supporting services.2 We analyze a computer industry in which consumers treat computers and computer speciﬁc software as complementary products.3 This model applies also to other industries in which consumers do not care about the number of consumers purchasing the same (compatible) brand, but choose a brand according to prices of all brands and the amount of complementary goods supporting each brand.4 We develop a model for a computer duopoly industry in which the production of complementary software requires a large ﬁxed cost of development relative to the cost of duplicating and marketing the software. The consumers’ expenditure level on software and the increasing returns to scale in software production determine the actual amount of software produced for each machine. The amount of software available for 1



Chou and Shy (1990) shows that even without assuming network externalities the utility of a consumer can increase with an increase in the number of consumers buying the same brand. Later, in Chou and Shy (1989b), we have shown the possibility of negative network eﬀects in the sense that an increase in the number of users may reduce the welfare of existing users. 2 The role of supporting services is also discussed in Swann (1987). 3 Economides (1989a,b) and Matutes and Regibeau (1988) provide an alternative approach in which ﬁrms produce all the components of the systems and these components are compatible or incompatible with other systems. In the present framework, hardware and software are produced by diﬀerent industries, where the software industry consists of many monopolistically competitive ﬁrms. 4 For example, the Beta and VHS video recorders are supported by incompatible video tapes. Compact disk players and turntables are also supported by incompatible disks. For comprehensive discussions of compatibility issues see Farrell and Saloner (1985, 1987).



1



each machine and the price charged by each computer ﬁrm determine which machine is purchased by consumers. In this framework each computer ﬁrm is aware that if the systems are incompatible then cutting its price has two eﬀects: It increases its market share and the proﬁtability of its supporting software industry. This in turn increases the variety of its speciﬁc supporting services and hence the desirability of the system, thereby increasing the computer ﬁrm’s market share. Therefore, this framework emphasizes that the existence of monopolistically competitive supporting industries increases the incentives of computer ﬁrms to cut prices. In this paper we investigate computer industry equilibria under three hardware designs: two-way compatibility, one-way compatibility, and incompatibility. Two-way compatibility occurs when both computer ﬁrms make their machines compatible with the other’s software. Incompatibility occurs when no ﬁrm invests in compatibility. One-way compatibility occurs when only one ﬁrm makes its machine compatible with the other’s software. We ﬁnd out that one-way compatibility may result in two types of equilibria. One in which machine speciﬁc software coexists with common software (software compatible with both machines), and the other in which only common software is produced. If in a one-way compatibility equilibrium only common software is produced, we say that the machines are economically compatible. Otherwise, we say that the machines are economically one-way compatible. Our framework is useful to explain why in some industries ﬁrms do not invest in making their products compatible. The reason for this is that if one ﬁrm has an incentive to make its product compatible with the other’s software then one-way compatibility equilibrium may result in a situation where the machines are economically compatible, thereby eliminating the incentive of the second ﬁrm to invest in compatibility. Perhaps the most striking result obtained in this framework is that paradoxically a ﬁrm which makes its computers compatible with the other machine’s software may lose some of its market share and reduce its proﬁt. This case can hap2



pen despite the fact that this ﬁrm’s customers enjoy two types of software after the machine becomes compatible. The paper is organized as follows. In section 2, we develop a basic model and analyze the computer and the software industries. In section 3 we analyze a computer industry equilibrium and demonstrate the existence of unique globally stable equilibrium price strategies of computer ﬁrms for the cases where computers are compatible or incompatible. In section 4 we analyze the incentives of ﬁrms to produce compatible products. Section 5 concludes.



2.



The Model



We consider a two company computer industry. The industry produces two brands named Artichoke (brand A) and Banana (brand B). There is a continuum of potential software ﬁrms producing computer speciﬁc software packages. For each computer brand i, i = A, B, there is a continuum of potential software packages indexed by xi , xi ∈ [0, ∞). Thus, xi denotes a particular software package for machine i, i = A, B. The set of actually produced software packages for machine i is denoted by Xi , which is assumed to be Lebesgue measurable in [0, ∞). Thus, the number of actually produced software packages is the Lebesgue measure of Xi denoted by µi = µi (Xi ). The quantity produced/consumed of software package xi is denoted by s(xi ). The economy consists of a continuum of consumers uniformly indexed by δ, δ ∈ [0, 1], where δ also represents the consumer’s preference type to be discussed later in this section. Each individual is endowed with L dollars to be spent on computers and software.5 5



Using a Cobb-Douglas utility function deﬁned over an outside good and computer systems, we can extend our results to cases where consumers’ expenditure on systems is not predetermined.
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2.1



Technology



Each computer company i produces computers under constant cost of Mi dollars per computer, i = A, B. Each software ﬁrm operates under increasing returns to scale. The production of one piece of software for computer i, xi ∈ Xi , i = A, B, requires a ﬁxed cost (the fee paid to the software writer) fi , and a unit marginal cost which can be interpreted as the cost of duplicating and marketing one unit of a software package (say, the cost of a computer diskette). We associate each piece of software with a single ﬁrm. 2.2



Consumers



A consumer derives utility from computer systems. We deﬁne a system i, i = A, B, as one computer of brand i and a collection of machine i software packages {s(xi ), xi ∈ Xi }, where s(xi ) is the consumption level of package xi for a consumer who owns this system.6 Since a system contains only one computer, the service of a system is proportional to the amount of software packages in the system. The service of a system i is denoted by Si . Formally, the service of a system i for an individual is deﬁned by Si =



 Xi



[s(xi )]α dxi



1



α



,



for i = A, B, 1/2 < α < 1



(1)



The restriction of α to be greater than 1/2 is needed to ensure well deﬁned reaction functions of the two ﬁrms, see equations (9), (10), and the lemma. We deﬁne the utility of an individual type δ by  δ



U =



δSA (1 − δ)SB



if he is an Artichoke user . if he is a Banana user



(2)



Thus, a consumer indexed by a high δ is Artichoke computer oriented and a consumer indexed by a low δ is Banana oriented. 6



We choose to work with perfectly divisible software packages in order to make the degree of software substitution well deﬁned.
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2.3



Market Structure



The computer hardware industry is assumed to behave as a price setting duopoly, where each ﬁrm takes the other ﬁrm’s price as given. The software industry consists of a continuum of software ﬁrms, where we impose a Chamberlinian monopolistic competition market structure implying monopolistic pricing and zero proﬁts associated with free entry. Thus, in this market structure, the number of software products (ﬁrms) µi , i = A, B, adjusts to make the proﬁt of each software ﬁrm equal to zero. 2.4



Consumers’ selection of systems



Given the CES system service function (1), the monopolistically competitive price of a software package is given by 1/α. Observe that the consumer’s consumption of software package xi compatible with system i is the expenditure on software i (denoted by Ei ) divided by the price of a package and the number of existing packages for machine i. Thus,7 s(xi ) = (αEi )/µi , i = A, B.



(3)



Hence, the service of a system i is proportional to the expenditure on software included in system i and is given by Si =



 Xi



[s(xi )]α dxi



1



α



= (αEi )(µi )



1−α α



, i = A, B.



(4)



Denote by Pi the price of computer i, i = A, B. If a consumer chooses to purchase a system i then its expenditure on the software compatible with system i is given by Ei = L − Pi . Therefore, Si = [α(L − Pi )](µi ) 7



1−α α



, i = A, B.



(5)



Here all consumers purchase the same amount of each software package. This need not be the case if we assume heterogeneous consumers with diﬀerent software service functions.
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We denote by δˆ the consumer who is indiﬀerent between the two systems. From (2) ˆ B . Hence, by (5), given the ˆ A = (1 − δ)S we have that δˆ is determined by solving δS prices charged by the two computer ﬁrms, PA and PB , after some manipulations we have that δˆ =



SB = SA + SB



1+







1 L−PA L−PB







µA µB



 1−α α



(6)



Thus, a consumer type δ < δˆ will purchase system B, while a consumer type δ > δˆ will purchase system A, see also ﬁgure 1. Since consumers are uniformly distributed ˆ Similarly, the on [0, 1], the total number of Artichoke users is given by δA ≡ 1 − δ. ˆ total number of Banana users is given by δB ≡ δ. INSERT FIGURE 1 2.5



Software industry equilibrium



The total revenue of a (i compatible) software ﬁrm is given by δi s(xi )(1/α) which is the product of the total number of users (δi ), the quantity demanded by each individual (s(xi )), and the price of a package. The total cost of a software ﬁrm is δi s(xi ) + fi . Given the price of computer i, the total expenditure on software compatible with computer i by each user of system i is Ei = L − Pi . Therefore by (3), s(xi ) = α(L−Pi )/µi . Now, using the monopolistic competition free entry equilibrium condition, the number of software ﬁrms producing software for system i (µi ) can be found by equating the proﬁt of each ﬁrm to zero. Hence, 







1 δi (1 − α)(L − Pi ) − 1 − fi = − fi = 0, i = A, B. π(xi ) = δi s(xi ) α µi



(7)



ˆ it follows that From (7), using δA = 1 − δˆ and δB = δ, 



L − PA µA = L − PB µB 
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fB fA











1 − δˆ . δˆ



(8)



2.6



The proﬁt of computer ﬁrms



Since each consumer buys only one computer, the proﬁt of each ﬁrm is the price of a computer minus unit cost times the ﬁrm’s market share. Substituting (8) into (6), after some manipulations we have that δˆ =



1



1+Φ







L−PA L−PB



 θ



where Φ ≡



fB fA



(θ−1)/2



and θ ≡



1 > 1. 2α − 1



(9)



Therefore, the proﬁt of computer ﬁrms A and B is given by8 







ˆ = (PA − MA )  ΠA = (PA − MA )(1 − δ) 1 −



1



1+Φ







L−PA L−PB



  ΠB = (PB − MB )δˆ = (PB − MB ) 1 −



3.



The equilibrium market shares



3.1



Incompatible systems



 θ 



(10)







1 1 + Φ−1







L−PB L−PA



 θ 



We now describe the computer industry equilibrium. First, each computer ﬁrm sets its price taking the other’s price as given. Consumer observe computer prices (PA and PB ) and the variety of software available for each machine (µA and µB ) and choose which system to buy. At the same time each software industry adjusts according to the aggregate expenditure on each type of software. Hence, in the ﬁrst stage each computer ﬁrm chooses its price taking into consideration its eﬀects on market shares (6) and the variety of software available for each machine (7). All these eﬀects are incorporated into the proﬁt functions (10). Thus, in some sense computer ﬁrms lead the software industries since pricing decisions are aﬀected by the feedback of the supporting software industry. 8



Observe that equations (8), (9), and (10) are not deﬁned for PA = PB = L.
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A computer industry equilibrium is the pair {PA , PB } such that Pi maximizes Πi , i = A, B. By (9), the equilibrium prices determine the equilibrium market shares of the two ﬁrms. In this subsection we show how the computer market is divided between the two ﬁrms when the systems are incompatible. First, we show that the computer ﬁrms’ reaction functions are well deﬁned. Then, we show that there exists a unique computer industry equilibrium. We need the following lemma. The proof is given in the appendix. 



1 Lemma 1 Let F (x; k, λ) ≡ x 1 − 1 + k(λ − x)θ F (x) attains a unique maximum on [0, λ].







where k, λ > 0 and θ > 1. Then,



Deﬁne λi ≡ L − Mi , and kA ≡ Φ(L − PB )−θ and kB ≡ Φ−1 (L − PA )−θ . Then, Πi = F (Pi − Mi ; ki , λi ), i = A, B. By the Lemma, given PB there exists a unique PA ∈ [MA , L] which maximizes ΠA . Similarly, given PA there exists a unique PB which maximizes ΠB . Therefore, we can deﬁne ﬁrm i’s reaction function with respect to the price charged by ﬁrm j, Pj , and denote it by Pi = Ri (Pj ), i, j = A, B, and i = j. The reaction functions are implicitly deﬁned by the ﬁrst order condition 0 = ∂Πi /∂Pi , i = A, B. After some manipulations, the ﬁrst order conditions become L − PA + Φ(L − PB )−θ (L − PA )θ+1 − θ(PA − MA ) = 0 and



(11)



L − PB + Φ−1 (L − PA )−θ (L − PB )θ+1 − θ(PB − MB ) = 0. Using (9), (11) can be written in a form relating computer prices to market shares. Thus, δˆ = θ







L − PA PA − M A 







ˆ =θ and (1 − δ)











L − PB . PB − M B



(12)



Equation (12) shows that, other things equal, a ﬁrm with a larger market share will charge a higher price. From (11), the slopes of the reaction functions are given by 



1 (1 + θ)DA dPB   =  1+θ dPA RA θ Φ L−PA







1 dPB  θ  = , (13)   dPA RB (1 + θ)DB Φ L−PA 1+θ



and



L−PB



L−PB
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where Di ≡ 1 + ki (L − Pi )θ , and Φ is deﬁned in (9). From (13), we have that the reaction functions are upward sloping implying that the price strategies are strategically complements, see Bulow et al. (1985) or Tirole (1988, Ch. 5). In addition, from (13) we have that in equilibrium dPB /dPA |RA > dPB /dPA |RB > 0, which implies that the system of reaction functions is globally stable. Hence, if an industry equilibrium exists, then it is unique. To establish existence observe that Ri → L and Ri → ∞ as Pj → L. Also, Ri (Mj ) > Mi . Therefore, the two reaction functions must intersect at an interior point, see ﬁgure 2.9 INSERT FIGURE 2 We can now state the following proposition.10 Proposition 1 There exists a pair of price strategies {PA∗ , PB∗ }, Mi < Pi∗ < L, which constitutes a unique globally stable computer industry equilibrium. Also, these price strategies uniquely determine the equilibrium market shares of the two ﬁrms. 3.2



Two-way compatibility



We now suppose that computer ﬁrms decide to produce machines which run the same software. The next section discusses the incentives of achieving compatibility. Thus, there will be only one software industry producing a variety of software measured by µ. We denote by f the (ﬁxed) cost of developing a new software package. Consumers are still ranked according to their relative preferences towards a particular system.11 We can think of IBM compatible computers where some users have preferences for desktop machines while others lean towards laptop machines. Observe that under 9



In view of the previous footnote, PA = PB = L cannot be an equilibrium. Basic comparative statics results regarding the eﬀects of changes in hardware and software costs are given in an earlier version of this paper, Chou and Shy (1989a). 11 Otherwise, if consumers view all computers as identical, then this market structure is reduced to the traditional Bertrand equilibrium with marginal cost pricing. 10
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compatibility µ = µA = µB . Hence, in view of (6), the market share of ﬁrm B becomes δˆ =



1+







1 L−PA L−PB



(14)







Notice that since both machines use the same software, the market shares are independent of the software substitution parameter α. Comparing (14) with (19), the proﬁt functions of computer ﬁrms can be derived by substituting Φ = θ = 1 into (10). Hence, proposition 1 applies also to the compatibility case implying that a unique globally stable equilibrium exists. Thus, under compatibility the ﬁrms’ reaction functions are given by L − PA + (L − PB )−1 (L − PA )2 − (PA − MA ) = 0 and



(15)



L − PB + (L − PA )−1 (L − PB )2 − (PB − MB ) = 0. Now, if both computer ﬁrms have identical production costs (MA = MB ≡ M ) then δˆ = 0.5, and the equilibrium prices and proﬁts are given by P A = PB = 3.3



2L + M 3



and ΠA = ΠB =



L−M . 3



(16)



One-way compatibility



Suppose that Artichoke machines are “more advanced” in the sense that they can run both Artichoke and Banana software, but Banana machines can only run Banana speciﬁc software. In some sense this is similar to the upward compatibility concept of Hergert (1987), where a new computer model can read the old model’s software. However, in the present case the A-machines do not necessarily run faster. For example, some Apple machines can run some UNIX software. In this case, the software variety available to an A-user is given by µA + µB where the variety available for B-users is
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only µB . Thus, for given PA , PB , µA , and µB , ﬁrm B’s market share is given by12 δˆ =



1+







1



L−PA L−PB







µA +µB µB



 1−α .



(17)



α



Deﬁne by sij ≡ si (xj ), xj ∈ Xj , the consumption level of a j-software package by an A B i-user, i, j = A, B. In view of (3), sA A = sB = αEA /(µA + µB ) and sB = αEB /µB .



In view of (7), the zero proﬁt conditions in the A and B software industries are now given by ˆ ˆ − fA = (1 − δ)(1 − α)EA − fA ≤ 0 (= 0 if µA > 0) and (1 − α)(1 − δ) π A = sA A µ A + µB (18)   ˆ ˆ ˆ B (1 − α) − fB = (1 − δ)(1 − α)EA + δ(1 − α)EB − fB = 0. ˆ A + δs πB = (1 − δ)s B B µB µ A + µB Notice that for fB ≤ fA (A-software is more costly to develop compared with Bsoftware) then (18) shows that in equilibrium only B- software will be written. That is, µA = 0. Therefore, although B-machines are not compatible with A- software, the two machines are in eﬀect compatible since they both run all the existing software. In this case the equilibrium is equivalent to the two-way equilibrium of subsection 3.2. If this case occurs, we say that the computers are economically compatible. Now, for fB > fA the A-software industry may or may not exist depending on the equilibrium computer prices. Taking into account the possibility of these two cases, the analog of (8) is given by µA + µB = max µB



 



L − PA L − PB 







fB − fA fA















1 − δˆ , 1 δˆ



(19)



Notice that if the ratio in (19) equals 1 then µA = 0, and the machines are economically compatible since only B-software is written. Otherwise, µA > 0 implying that some 12



Equation (17) does not hold when the marginal costs of producing A and B software packages are not equal since in this case we cannot simply replace µA by µA + µB in (5) in order to obtain the A-user’s welfare level SA .
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software packages are written speciﬁcally for machine A, and in this case we say that the machines are economically one-way compatible. Using (17) and (19), we can verify that ﬁrm B’s market share is given by     



δˆ = 



1+



 1



L−PA L−PB







if



1



 θ    1+Ψ L−PA L−P







 L−PA 2 L−PB



≤



fA fB −fA



otherwise



(20)



B







where



Ψ=



fB − fA fA



(θ−1)/2



.



The condition in (20) shows that if PA is very high then the software expenditure of Ausers is so small that A-software will not be produced. Thus, the two machines are economically compatible and the ﬁrms’ market shares are determined similar to the twoway compatibility, see equation (14). If PA is relatively low, then both types of software are produced and the two machines are economically one- way compatible. The proﬁt and the reaction functions can be found similar to (10) and (11), respectively. However, in view of (20) the reaction functions have a jump discontinuity and therefore may intersect at either the economic compatibility region, (EA /EB )2 ≤ fA /(fB − fA ), or at the economic one-way compatibility region, (EA /EB )2 > fA /(fB − fA ). In summary, one-way hardware compatibility may result in two types of equilibria. One in which only B-software is written (µA = 0) and the two machines are economically compatible. In the second type both software industries coexist (µA > 0) and A-machines can run A-speciﬁc software which cannot be run on B-machines. In the second type equilibrium the hardware deﬁnition and the economic deﬁnition of one-way compatibility coincide and the machines are said to be economically one-way compatible.
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4.



Incentives to achieve standardization



In this section we analyze ﬁrms’ incentives to invest in compatibility. First, we illustrate these incentives for the symmetric case where the two computer ﬁrms have equal marginal costs (MA = MB ) and both A and B- software packages have the same development cost (fA = fB ). The last two subsections consider the general case. 4.1



Incentives to achieve compatibility under symmetry



We now formulate a game to model incentives to invest in compatibility. Each ﬁrm can choose either to stay incompatible (strategy ‘NC’) or to invest $ Fi , i = A, B, in making its machine compatible with the other machine’s software (strategy ‘C’). We assume that MA = MB ≡ M , and fA = fB . The payoﬀ matrix for this game is given in table 1. INSERT TABLE 1 If both ﬁrms play NC then the systems are incompatible and the proﬁt of each ﬁrm is found by solving (11) for PA = PB and then substituting into (10). If only one ﬁrm invests in compatibility, the machines become one-way compatible. Substituting fA = fB into (18) yields that the two machines are economically compatible, where the proﬁts can be found using (16). When both ﬁrms play C, the machines are two-way compatible and the proﬁts are also found from (16). Suppose that initially the machines are incompatible. From table 1 we have that ﬁrm A has incentives to invest in compatibility if (L − M )(θ − 1) > FA . 3(2 + θ)



(21)



Notice that LHS(21) measures the gain from compatibility while FA is the investment cost. Obviously, if the cost of making machine A compatible with B- software is high
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relative to the ﬁrm’s maximal proﬁt margin (L − M ), then ﬁrm A has a smaller incentive to invest in compatibility. On the other hand, if consumers highly value the variety of software (α is low and hence θ is high) then the investment is more likely to occur. This can be explained as follows. It is well known that compatibility softens competition among ﬁrms (the demand faced by each ﬁrm is less elastic), and therefore other things equal, all ﬁrms have incentives to make their products compatible, see Economides (1989a), Matutes and Regibeau (1988), and Chou and Shy (1989b). When α decreases, the variety of software becomes more important and the competition between the ﬁrms intensiﬁes (depends more on software variety) thereby making compatibility more desirable. Thus, other things equal, the likelihood of having ﬁrm A investing in compatibility increases when α decreases. Therefore, we can state the following proposition. Proposition 2 A ﬁrm is more likely to make its computer compatible with the other machine’s software if the investment cost (Fi ) is low, or when the maximal proﬁt margin (L − M ) is high, or when consumers highly value the variety of software available for their machines (α is low). Clearly, the outcome (C,C) is not an equilibrium since when one ﬁrm invests in compatibility then the machines become economically compatible thereby eliminating all the incentives for the other ﬁrm to invest in compatibility. In other words, if ﬁrm A invests in compatibility ﬁrm B becomes a free rider. Moreover, since ﬁrm B does not pay for the investment cost, the beneﬁts for ﬁrm B from having ﬁrm A investing in compatibility exceed that of ﬁrm A. Observe that if the software development costs are diﬀerent from one machine to the other (say, fB > fA ) then if only ﬁrm A invests in compatibility the reaction functions have jump discontinuities as discussed in 3.3. If the diﬀerence in software development cost is substantial then we expect the reaction functions to intersect at 14



the one-way compatibility region. Otherwise, the intersection occurs at the economic compatibility region. In order to avoid some very tedious calculations associated with discontinuous reaction functions, the following subsections analyze the incentives of a single ﬁrm to invest in compatibility rather than deriving the equilibria for the game. Subsection 4.2 investigates the incentives of a ﬁrm to invest in compatibility when the investment leads to economic one-way compatibility. Subsection 4.3 considers the case when investment leads to economic compatibility. 4.2



Does one-way compatibility always pay?



It is generally thought that a computer ﬁrm invests in compatibility in order to increase its market share. That is, given that a machine runs software compatible with other machines, it will be able to attract more consumers and therefore increase its market share. We now show a paradoxical result in which a computer ﬁrm investing in making its machines compatible with other machines’ software loses its market share even if the investment in compatibility is costless. Consider a situation where A-software’s development cost is substantially lower compared with B-software’s development cost so that investment results in economic one-way compatibility. Recall that Φ and Ψ measure the cost of developing a B- software package relative to developing an A-software package under incompatibility and one-way compatibility respectively. Comparing (20) with (9), we ﬁnd that if fB > fA then Ψ < Φ. Hence, A-software is more costly to develop (relative to B-software) under one-way compatibility compared with the incompatibility case. Thus, A’s market share can be reduced if the ﬁrm makes its machine compatible with B-software. Therefore, we state the following proposition. Proposition 3 If software ﬁrms still produce A-software after ﬁrm A makes its machine compatible with B-software (the two machines are economically one-way compatibility), then ﬁrm A’s market share and proﬁt decrease when A-machines become compatible with B-software. 15



Sketch of Proof. Using the reaction functions (11) we can show that dPA /dΦ > 0 ˆ decreases when Φ is reduced and dPB /dΦ < 0. Thus, by (12) A’s market share (1 − δ) to Ψ. By (10), ΠA decreases.



Q.E.D.



This paradoxical result can be explained as follows. When ﬁrm A makes its machine compatible with B-software, then software writers will increase the amount of software written for B-machines since this software is also purchased by A-users. On the other hand, the variety of A-software will be reduced since A-users allocate part of their software expenditure towards B-software. The attractiveness of machine A relative to machine B depends, other things equal, on the ratio of their software varieties, µA /µB , under incompatibility, and (µA + µB )/µB when ﬁrm A makes its machine compatible with B-software. Although the variety of software available to A-users increases, the substantial increase in the variety of B-software in fact reduces the ratio of software variety available to A-users compared with B-users. That is, A-computers become relatively less attractive. Proposition 2 implies that if ﬁrm A foresees that its supporting software industry will continue producing A-software, then ﬁrm A will not design its machine to be compatible with B-software. Observe that proposition 3 holds true even if the hardware production costs are not equal (MA = MB ). When MA > MB , it is possible that ﬁrm A starts out with the lower market share but it may still reduce its proﬁt and market share by investing in compatibility. 4.3



The incentives to achieve hardware compatibility



The result of the last subsection is obtained for the case where ﬁrm A initially has a very large market share compared with ﬁrm B. Here we analyze the case where ﬁrm A starts out with either a lower market share or a marginally higher market share. Thus, if ﬁrm A invests then the machines become economically compatible and only B-software is written. Observe that this is the only compatibility case which can occur 16



in this model.13 We assume now that ﬁrm B does not invest in compatibility and analyze the condition under which ﬁrm A will invest in compatibility and therefore achieve economic compatibility. Assume that MA = MB = 0. From (16) we know that if ﬁrm A invests thereby making the machines economically compatible then its proﬁt is given by ΠA = L/3 − FA , where FA is the (ﬁxed) cost of making machine A compatible with B-software. Denote by Π∗A (Φ) the proﬁt of ﬁrm A when it does not invest in compatibility and the systems are incompatible as described in (10) and (11), where Φ deﬁned in (9) summarizes the development cost of producing Banana software relative to Artichoke software. We can now state the following proposition. Proposition 4 If Π∗A (Φ) < L/3 − FA , then ﬁrm A will invest in compatibility. Proposition 4 states the formal condition which yields economic compatibility. It is clear that when the cost of making machine A compatible with machine B’s software (FA ) is high then the situation where ﬁrm A invests in compatibility is less likely to occur. Intuitively, when FA is not too high, there are two potential beneﬁts that may induce ﬁrm A to invest in compatibility. First, if the development cost for producing A-software is higher compared with B-software development cost, then ﬁrm A has a lower market share and proﬁt relative to ﬁrm B. In this case ﬁrm A can increase its market share and its proﬁt by making its machine compatible with B-software.14 Therefore, if the cost of developing A-software is high (fA is high) then ﬁrm A will 13



By proposition 3 we have that economic one-way compatibility (a situation where one ﬁrm invests in compatibility and being supported by both software industries) cannot occur since in the case of economic one-way compatibility the investing ﬁrm is worse oﬀ. Also, in this model two-way compatibility (a situation where both ﬁrms make their machines compatible) cannot occur. This can be explained as follows. If the ﬁrm supported by software which is more costly to develop relative to other machine’s software makes its machine compatible with the other machine’s software then (18) implies that its software industry will vanish thereby making the machines economically compatible. Therefore, there is no incentive for the other computer ﬁrm to invest in compatibility. 14 Here we assume that MA = MB . However, if MA < MB then ﬁrm A may have a larger market share. Nevertheless, in this case ﬁrm A may still want to invest in compatibility if the cost of producing (developing) A-software is relatively high.



17



have stronger incentives to make its machine compatible with the other machine’s software. Thus a situation where ﬁrm A invest is more likely to occur. Second, as discussed above, compatibility soften competition among ﬁrms and therefore all ﬁrms have larger incentives to make their products compatible when consumers’ love for variety of software increases (a decrease in α , hence an increase in θ).



5.



Concluding remarks



In this paper, we propose a framework for modelling the behavior of ﬁrms producing products which are diﬀerentiated because of the incompatibility of their product speciﬁc supporting services. Each ﬁrm’s pricing decision is aﬀected by the feedback of its supporting industries. In this model the beneﬁts from investing in compatibility depend on the software development costs, the importance of variety to consumers, and the cost of investing in compatibility. On the other hand, the proﬁtability from investing in compatibility depends less on hardware production costs although hardware production costs do aﬀect market shares. Previous literature showed that since compatibility softens competition among ﬁrms, ﬁrms generally choose to produce compatible products. However, it is observed that many industries produce incompatible products. Our main result shows that a computer ﬁrm may not be able to increase its market share and proﬁtability by making its machine compatible with other machines’ software even though compatibility guarantees a larger variety of software available to its users. This situation can occur even if the investing ﬁrm starts out with the lower market share. Finally, consumers here do not necessarily beneﬁt from system compatibility. From (5) we can see that both the variety of software and the price of computers aﬀect consumers’ welfare. Thus, even if under compatibility there is an increase in the variety of software, the reduction in price competition among ﬁrms may increase the
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price to a certain level which makes consumers worse oﬀ. Therefore, the welfare eﬀect of making the systems compatible is ambiguous.



Appendix Proof of Lemma: Observe that F (0) = F (λ) = 0 and F  (0) = 1 > 0. Therefore, F attains an interior maximum on [0, λ]. The FOC is given by 1 + k(λ − x)θ =



θx . λ−x



(A.1)



Deﬁne the functions G(x) ≡ RHS(A.1), and H(x) ≡ LHS(A.1). Observe that G(0) = 0, G (x) > 0, and G(x) → ∞ as x → λ. Also, H  (x) < 0, H(0) = 1 + kλθ > H(λ) = 1. Therefore, (A.1) has a unique solution x∗ ∈ (0, λ), which must be the unique maximum of F .



Q.E.D.
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